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ABSTRACT

MORPHOLOGICAL STUDY OF WADI AL-ZARZEER
WATERSHED USING GIS TECHNIQUE

Ba:
SAIDA SA'DA SAFA' DAWOD

Palestine Polviechnic Lniversity

Supervisor

Dr. Majed Abu Sharkh

Water availability is considered to be one of the key factors tor rapid development and
srbanization. However, the over exploitation of water resources has resulted in a condition of
an-sustainability and environmental degradation Liach watershed has & number of distinct
characteristics (morphometric parameters), which govern the amount of precipitation
received, and runoff produced. Morphological characteristics like stream order, stream
sumber. bifurcation ratio, watershed perimeter, length of watershed, form factor, drainage
density, drainage frequency, elongation ratio, constant of channel maintenance, circulation
ratio. maximum watershed relief reliel ratio, ruggedness number, relative relief, aenal
extent, watershed length and width, channel length, channel slope and reliel aspecis. The
morphometric analysis of a watershed plays an important role in deciding the hydrologeal

behavior such as runoff. coil erosion, sedimem delivery ratio etc. of a watershed.

Wadi Al Zarzeer (watershed) was considered for such a studv, The boundary of catchment,
sub-catchment, and stream network of the watershed under study, which localed at Wadi Al
Farzeer were determined vsing Geographical Information System (GIS) The aenal and
photogrametric map were used for land usc information. Various hinear and relief parameters
of the study area were determmed using GIS At the end the amount of surface runoff was

estumalted [or the project area
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The results of the present study show e average unnual runofl depth for the study area ( Wadi Al
Farseer is ol runoll is cstimsted to be 21 mun, and the average volums of mnoff from the same walerslual is

1% 381 cubic meter per vear. The amount of rumell represents 4.2 % of the wtal annual rainfall.
Using GIS for morphological parameters watershed analysis 1s much mors rapid fhan traditional methods,

However, il is suppested that using GIS resulls in the loss of a certuin degruc of accurney 1n determiming sume

watershed charaGleristics,
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CHAPTER ONE INTRODUCTION

CHAPTER ONE
INTRODUCTION

1.1 GGeneral

I'he available surface and ground water resources are inadequate to meset the growing water
demands due to rapid wrbanization and increasing population. The demand for water has
mereased over the years. due to which the assessment of quantity and gquality of water for its

optimal utilization is necessitated.

Identification and outlining of various ground features such as geological structures,
eeomorphic features and their hydraulic characteristics may serve as direct or indirect
mdicators of the presence of ground and surface water. The geomorphologic conditions are
essential pre-requisites in understanding the water bearing characteristics of hard rocks. The
mole of rock types and geologic structure in the development of stream networks can be hetter
understood by studying the nature and type ol drainage pattern and by a quantitative

morphomtric analysis.

B¢ morphometric parameters of a watershed are reflective of its hvdrological response 1o a
considerable extenl and can be helplul in synthesizing its hvdrological behavior. A
quantitative morphometric analvsis of a drainage basin is considered to be the most
satisfaclory method becanse it enables us o understand the relationship among different
s=pects of the drainage partern of the basin, and alse make a comparative cvaluation ol

s

Sificrent drainage basins developed in various geologic and climatic regimes.

1.2 Problem Statement

Momphological characteristics like stream order, drainage density, aerial extent, watershed
wnath and width, ¢hannel length, channel slope and relief aspects coupled with land usc and
s information of watershed are important in understanding the hyvdrology of the watershed.
om0l respanse of the watershed is ditferent for different slopes, shapes, lengths, widihs and

weees of watershed. Response is also affected by the factors like drainage density. length of

sertand flow, stream frequency, relative relief and relief ratios. Computation of watershed
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morphological characteristics is prerequisite to [urther detailed hydrological analysis of the
watershed. Hydrologists have attempted to relate the hydrologic response of watersheds to
walershed  morphologic  characteristics. Presently these characteristics are determined
manually from the topographic and stream nctwork map of the watershed. Manual
sempuiation in order to generate these characteristies is not only tedious and error prone but
5o ime consuming. Compulers can be used to compute these characteristics with greater

sificiency and accuracy,

Technologies like Gieographic Information Systems (G18), have eained significant importance
. over the last decade in their applications pertaining to distributed hydrologic modeling. GIS is
suitable for analysis of spatially referenced data. GIS can handle bath spatial and a spatial
“=ia effectively and efficiently. Nowadays GIS is widely used for resources planning in
watershed. GIS can be used for the computation of these morphological characteristics of the
watershed. Using the presently available GIS one has to po through tedious steps for
s=ncraling these characteristics. Moreover the user must be fully acquainted with both the
type of GIS being used for the generation of the morphologic characteristics as well as the
morphologic characteristics of interest. Thus a suitable model should be developed with the

5elp of GIS to generate these watershed morphologic characteristies,

This study attempts to compute geomorphological characteristics, peneration of various
Ssematic data base in GIS format, find out soil information. und generation of alternate land
wse plan for the Al-Zarzeer watershed for proper manogement of natural resources in this
watershed. Important watershed characteristics included in the study are: area of watershed,
semmeter, elongation ratio, circulatory ratio, form factor, stream order, drainage density,
svesage slope of watershed, main stream channel slope ete. The madel uses watershed
Soundary map, drainage network map and contour map for computation of the morphological

chesacienistics.

13 Previous Studies

= our country, the hydrological studies are limited some investigators have studies the

Smlogy of different wadis and watersheds in the West Bank and Gaza strip in order to

Sessiop additional usable water resources to help in solving future hvdrological problems.




CHAP'ILR ONE INTRODUCTION

Apphed Research [nstitute of Jerusalem (ARI) published six arricles on environmental
prafiles of West Bank cilies. The Hebron district environmental profile shows that Llebron
arca is preventative example of semiarid climate. In such arca. most land is sloppy (2%-20%)
and the infiltration rate is low. Consequently. low cost water harvesting could be introduced
in this area. This method depends on collecting nunoff water using construction such as soil

dam or concrete dam,

Lange. J. er al (2000) have studies the runoff on a steep 180 m" Mediterrancan Karts
environment. ‘To provide guantitative information, measurements are under taking on
experimental hill slope plot applying artificial rainfall of predefined intensitics. The results
show that on a dry plot abour 16 mm of rainfall was pecded before terrain other bar rock
gencrated runoff. Overall 16% of rainfall tum into runoll, while in the following day 73% of

the applied rainfall arrived at the outlet of Lhe wet plot.

'n the study of Mohammadin, A. ct al (2003), the mount of runoff’ for east Bani Naim
watershed in the llebron arca using soil conservation service method were calculared and

=stimated Lo be about 417.913 cubic meters per vear,

The geomorphological study of Wadi Al Arroub carried ot by Qannam (2000) in his master
Siosis shows that the topopraphy has more effeet on the drainage puttern than the structure.
The muin eftect of topography is in the W-E direction, while that of strueture is mainly in the
NNW-SSE dircction and 1o some extent in the N-8 direction. The relatively high relief ratio
of Wadi A1 Aroub drainage basin and high elongation ratio (0.78) indicate that the study area
= among the sub-hasins that contribute strongly to the flooding in the Dead Sea-Jordan River
Basin.

Si-Namor, AL etal {(2006) study the hydrology of Wadi Su'd in Dura Area using GIS and
WS techniques. The results of the studv show that the average annual runoll’depth for the
secy area (Wadi Su'd watershed) 1s 68 mm, and the average volume of runoff from the same
watershed is 127,083.6 cubic meter per year. The amount ol runoff represents 13.6% of the

wtal anmual rainfail.
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I.4 Objectives:

The main objective of this study is to provide geomorphological database for the surface of
Wadi Al-Zarzeer drainage basin 1o specify the hydrology of the wadi and estimate direct
tunoft. Within the tramework of this study, the following data and parameters should be
obtained and determined:

1. The boundary of catchment, sub-catchment, and stream network of the watershed under
study, which located at Wadi Al Zarzeer, using GIS.

The climate data mclude values ol precipitation, temperature, relative humidiry, and wind

I3

information.

3. The morphological characteristics like stream order, drainage densitv. aerial extent
watershed length and width, channel length, channel slope and relief aspects

4. The geographical characteristics and land use of the Study watershed.

. The suil type and properties of the watershed by carried out sieve analysis and moisture

cantent and permeability experiments,

1.5 Study Area

The study area, named Wadi Al Zarzeer. 1s located at north Dura city of the Tcbron area
which will known later as Wadi Al-Zarzeer watershed. The watershed having a geographical
area of 875297434 square meter, Figure (1.1) shows the study area and ils location.
Physiographically, the watershed is divided into hills, pediments. Elevation in the watershed
ranges fiom 710 to %03 4 m above mean sea level The average annual precipitation at Dura
city for the last five years is approximately 500 mm, About 90% of this rainfall is received
frony November to April, and the major land use/land cover categories in the watershed are:

pasture, agncultural area, and stony wasta land.
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CHAPTER ONE INTRODUCTION

L.6 Morphometric Py rameters

Various important maorphometric parameters used in this study for analysis are deseribed
helow,

Mream order: The most commonly used method for stream ordering (u) as suggested by
strahler (1964) was used for this study, The rules [or stream ordering using this method are:
* Streams that originate at a source are defined to be first order steams,
*  When two streams of order 1 Join, a stream of order u+1 is created,
*  When two streams of different orders join. the channel seament immediately down
streams has the higher of the order of the twa Joining streams,

* The order of a basin is the order ol the highest streams.

stream number: stream number (Nu) is the number of stream segments of various orders.

It is inversely proportional to the stream order.

Bifurcation ratio: bifurcation ratio (Rb) is the ratio of the number of streams arder g to the
number of streams of hisher order u+1.

MNu
R S b

fib = PRSI 2

Rb charncteristitically ranpes from 3.0 10 6.0 for warersheds in which the geologic structures
Jo not distort the drainage patten. Abnermally high bifurcation ratio might be expected in
regions of steeply dipping rock strata,

Total stream length total: Siream length (Lu) is the length of all the streams having order u.
{he total stream length divided by the number of stream segments of that order gives the
mean stream length for that order.

Main stream length: Main siream length (Lms) is the length of the stream having maximum
stream length, Lhis is the length along the stream. ‘The time of concentration along the stream

will be maximurm,

Watershed perimeter: Watershad penimeter (Lp) is the length of the watershed boundary,

T

e ————




CHAPTER ONE INTRODUICTION

Maximum length of y atershed:  Maximum length of watershed (Lb) is the distance
between watershed outler and the farthest point in the watershed,

Length rativ: Length ratio (Re) js defined us the rutio of the average stream length (Lu) of
order u, to average stream length (Lu-1) of the next lower order u-1.

Form factor: Form factor (Rf } is the ratio of the basin arca (A) to the square of the

maximum lenoth (Lh i

BESE e vseeate SN ol R (1.3)

Drainage density: Drainage density (Dd) is defined ax the total length of the streams of all
the orders of a basin tq the area of the busin, The draimage density gives an idea of the
physical properties of the mderlying rocks. Low drainuge density oceurs in regions of highly
resistant and permeable subsoil materials with dense vegetation and low relict whereas high
drainage density is prevalent in regions of weak. impermeable sub surlice materials which are
sparsely vegetated and have high relief (struhler, 1964),

Drainage frequency: Drainage frequency (Df) is the number of streams per unit area of the
fasin. It mainly depends upon the litho logy of the basin and reflects the texture of the
drainage network,

Constunt of channel ntzintenance: Constant of channgl maintenance (Cm) is the ratio of
W% area of the drainage basin and tota! length of all the streams of all the orders, Henee, it |s
e reciprocal of the drainage density.

Cm= sz, [1.5)

1
Dd
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Flongation ratio: Flongation ratio (Re) is defined as the rutio between the diameters of a

circle with the same area as that of the basin. and is computed as.

...................................................................................................

Ihe elongation ratio ranges from 0.6 to 1.0, over a wide variety of climatic and zenlogical
environments. Values nearing 1.0 are typical of regions of very low relief, whereas, values in
the range of 0.6 to 0.8 are generally associated with sirong relief and steep ground slopes.
Flongated basins with high bifurcation ratios yield a low but extended peak flow.

Clreular ratio: Circular ratio (Re) is computed as:

“
e T ey o GV
Lp

Circular basing with low bifurcation rutios produce a sharp peak.

Maximum watershed relief: Maximum watershed relief (H)} is the maximum vertical

distance between the lowest and the highest points of a watershed. Ti is also known as total
rtict,

“eliel ratio: Relief ratio (Rh) is the 1otal relief of watershed divided by the maximum length
o the watershed. It is an indicator of the potential energy of the system to drain off

Suggedness number: Ruggedness number (RN) is delined us the product of the maximum

watershed Relief and its drainage density. It provides an idea of overall roughness of &

watershed and is computed as:

RN =1 x Dd (1.8)

Selative relief:  Relative relicl (Rr) is the ratio of the maximum watershed relief 1o the

perimeter of the watershed.
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Time of concentrution: Time of concentration (i¢) is the time require 1o move the surface

munoil rom remotest point of the Watershed to outlet, is known as time of coneentration.

il e e C R {1.10)

Where:
e = time of concentration (h)
L = maximum length of trave| of water

S = slope equal to IT/L, where H is the difference in elevation between the remotest point on
the basin and the outlet (m)

For morphometric analysis, perimeter, maximum length, drainage map, stream length of each
arder, number of streams of each order and watershed reliel values is required. These inputs

were derived by using GIS soltware.

Once these inputs were obtained, then bv making use of the mathematical formulas as

discussed above, all the liceessary parameters [or morphometric analysis were caleulated.

1.5 Project Task—Plan

The following matrix explains the tasks have been under taken and the duration of cach task,

Table (1.1): Project Task—Plan

| e
Phase Duration(monthly)
No. Task = '

2006

| =
| 45
I I Review of literature and other
{ SUVeY work J

2 Deliteation of the Watersheds

Soil classification Permeability
rat tests, and land use map

4 Preparation of Morphometric

i

- Parameters |

5 | Analysis and resulls [ |
I & Writing the report | | ’
e —
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1.8 Structure of the Report

The study report has baen prepared in accordance with Lhe objectives and scope of work

The report consists of seven chapters

The first chapter entitled * Introduction’ outlines the problem, project objectives, literature

review, study area, morphometric parameters and structure of the report.

Ihe second chapter entitled "Hydrological Models' explains geographical information

system, global positioning system, models, and hydrological models.

The third chapter entitled "Hydrologic Principles” explains hydrologic circle, and water

oalance which includes precipitation, evaporation, infiltration and runaff

I'he fourth chapter entitled' GIS and Spatial Hydrology ° deals with water How analysis,

flow direction grids, watershed and stream delineation, and watersheds

The fifth chapier "Field Work and Experiments" explains watershed boundary and grid

selup, and suil tesis

Chapter six on "Analysis and diseussion of Results" presented land use and land cover, soil

classification. morphometric Analysis curve number and estimation of the surface runoff

The overall conclusions are given in chapter soven,
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CHAPTER TWO

HYDROLOGICAL MODELS

2.1 General

Ihe knowledge and understanding that the researcher and scientist have about the world is
ofien represented in the form of models. The aim of the models is to simplify and cxplain the
complexity and confusion of the world. The applied scicntist and technologist then use the

models of seience W predict and control the world.

22 Models

2.2.1 Definition of models

There is no specilic definition for models. Modeling in general term, is a representation
sontaining the cssential structure of some objects or event in the real world. So, models arc
important constructs and architectures of more than one idea that directly or indirectly

ailuence our state of mind and our lives.

23 2 Churacteristics of the models

| The models are necessarily incomplete: The model is a representation: no model includes
svery elemients of real world. If it did, it would no longer be a model. To create a model, a
wecarcher makes some assumptions about the essential structure and relationships of objects

d events in (he real world, These assumptions are imporiant (o explain the phenomena,

2 The models may be changed with relative ease: The technician changes the madel and
shserves the results, rather than doing a similar operation in the real world. lle or she does

%= because it is simpler and more convenient.

Sor example, design a mode! for car to test the hehavior of it on the horizontal curve and

sadyving the cffect of changing the parameters of the physical model. the designer might vary

o radius of the curve and notes the results, Tn this way, the model changes in simple way

‘Stock Burger, 2000).
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2.2.3 Model Classification
Maodels can be classitied as tallows:
L. Physical models, as in an girplane model or 3 vehicle model, such g models are
constructed to appear similar protolype, but at differemt scale.
2. Symbolic models, as in the natural language, g compuler program, or a set of
mathematical equations,
3. Descriptive models, that ame describe the prototype, as landscape paniing.
4. Procedural models, these models consist of instructions on how to make something
behave as it were the prototype.

But, in gencral the models can take two major forms, physical and symbolic: the larter j« used
much more often in sejence, Symbolic models are constructed using cither g natura] or formul
language (kain. 1972). As an example of natural languages include Arabic, and English,
Examples of formal lan guages include mathematics, logic, and computer languages,

Matural and formal lanpuages share a4 number of commonalties. Firul, they are both composed
of a set of symbaols, called vocabulary of the lenguage. Arabic forms of words, such as those
that appear on the articles, Algebraie svmbols such as- 2. 0 & LY, =+

22.4 Model-building in science
There is a procedure for the model-building and verification, After a problem is formulated,
the process consists of four slages.

l. Simplification \Idealizution: As mentioned previously, a model contains the essential

structure of objeets or events,

I

- Representation\Measurensent: The symbols in a formal language are given meani ng 45
objects. event, or relationships in the real world This is the pracess used in translating
“word problems” to afgebraic expressions in high school algebra, (Stock Durger, 2002),
This process is called representation of the real warld.

Ll

- Maripulation' I'ransfurmation: Rescarchers in rhe language are transformed into olher
staternents in the language. In this manner implications of model are derived.

* Venfication\Calibration: Because of the idealization and simplification of the model-

suilding process, no model can be in perfcet agreement with the real world. In all cases, the

smportant Question is not whether the model is true of oty but how much does it match the

real world. Powerful modals replace less powerlul models.
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Modcls may be elassified ax distributed or lumped. Distributed models arc thase where their

parameters depend upon spatial position, where lumped models do not have the spatial
marameler, but may have time parameter,

i cenclusion, the scientific method of model-building is very powerlul tool in analyzing and
dealing with the warld.

2.3 Hydrological Models in GIS

AN important method of the studying of hvdrology is hydrological modeling as shown in
Figure (2.1); which is an approximation of the actial hydrologic system.

Linking hydrology and GIS are very necessary due 1o ability of GIS o capture and manage a
Fast amount of data. In this project. the watershed delineation will mad by GPS and ArcGis.9
With 4 set of seript and menus that automates the geographic data processing for in input files
0 the HEC-HMS model and other hydrology madel;

Figure (2.1): Hydrologieal Model Shows the Behavior of Water
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2.4 Geographic Information System

Geographic [nformation System (GIS) is defined by ESRI (Environmental System Research
Institute) as an organized collection of computer hardware, soflware. zeographic data, and
personal designed 1o elliciently captlure, store, update, manipulate, analysis, and display all

forms a geographically referenced information.

Many GIS databascs consist of seis of information called lavers. lach layer represents a
particular lype of geographic data. For example, one layer may include information on the
streets in an arca. Another layer may confain information on the soil in that area, while

another records elevarion.

IThe GIS can combine these lavers into one image, showing how the streets, soil, and
clevation relate o one another. Engineers might use this image to determine whether a
particular part of a street is more likely to crumble. A GIS database can inelude as many as
100 layers (Maidment, 2002).

When looking at a map to know more about the features represented in it. than simply where
they are. For example, when looking at a map of rivers and streams, it is helpful 1o know their
names, and hydrologists want to know a gootd deal more about a river than iis name. Such
mformation as the slope ol the river. the roughness of 11s bed and banks. and the shape of its

cross-section, are important in being ahle to define the velocity of water flow in the river.

lhiz type of descriptive information about a geographic feature is called ite attributes,
Attributes can be stored as numbers or character strings in a data record. A collection of data
records makes up a datn table. We thus have two descriptions available of each geographic

feature: their spatial location and their descriptive attrihutes.
A kev idea of GIS is that these two descriptions are conmected by associating with each

geographic feaure a unique identifving number that is stored both with the spatial description

and with the attribute description.
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A GIS is designed o accepl geographic data from a variety of sources, including maps.
satellite photographs, and printed text and statistics. GIS sensors can scan some of this data
directly—for example, a Computer operator may feed a map or photograph into the scanner.
and the computer “reads”™ the information it contains. he GIS converts all geographical data
into & digital code. which it arranges in its dutabase. Operators program the GIS 1o process the

information and produce the images or information they need,

The applications of a (718 are vast and continue fo grow, By using a GlY. scicntists can
research changes in the environment; engineers can design road systems: electrical companies
“in manage their complex networks of power lines: governments can track the uses of land:
and fire and police departments can plan emergency routes. Many private businesses have

begun to use a GIS Lo plan and improve their services,

GIS technology attemprs to precisely describe the spatial covironment, while hydrology
attempts to describe how water and pollutant move through the cnvironment, then the

synthesis of GIS and hydrolopy is spatial hydrology.

The purpose of spatial hydrology is to use spatial datu and functions of GIS o hel p in solving
the problems in water management. The spatial technology currently used in spatial
hydrology is ArcGis.9 software and Arc(is.9 spatial Analysis Txtension. ArcView GIS js
readily availuble w0 the greatest number of users, although Are/ Info sofiware can be
emplayed to solve spatial hydrology problems just as effectivel V. (Maidment, 2002)

The substance of current spatial hydrology is devoted to spatial data development for
hydrology because GIS does not have explicit provisions for time-scries data and much of

hydrology is concerned with time-series measurement systems,

The ArcGis.9 Spatial Analysis has several built-in functions that enable simple watcrshed
delineation using a Digilal Flevation Model (DEM). These functions have been further
developed by other orpanization, ncluding the Center for Resewrch in Water Resources
(CRWR),

GIS has versions, and we will make our experiments. (watershed delineation. runoff) by

version "ArcGis 9 ",
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2.5 Land Use/Land Cover

Land usc and treatment classes are used in ths preparation of hydrological soil-cover
complex, which in twn are used in estimating direct runoff, ['vpes of land use and treatment
arc classified on a flood runoff producing basis. Below are a few extracts of the land use

classifieation (USGS classilication)):

2= Agricultural Land: These Land caused from the human, it contain the Cropland, Rotation

and Permanent Pasture,

= Wetland: (forested Wooded Wetlands) Poor woodlots are heavily grazed and regularly
burned in a manner that destroys litter. small trees, and brush. Fair woodlots are grazed
but not burmed and may have some litter, but usually these woods are not protected. Good

woodlots are protected [rom grazing so that Titter and shrubs cover the soil.

- Rangeland or Native pasture: Poor pasture or range is heavily grazed, has no much or has
plant cover on less than about 30% of the area. Fair pasture or range has between 50% and
75% of the arca with plant cover and s not heavily grazed. Good pasture or range has

more about 75% of the arca with plant cover. And is heghtly grazed.

2- Forest [and: The hydrologic condition classes are determined on the basis of depth and

quality ol litter, humus, and compactness of humus.

- Urban areas or Built-up Land Miscellaneous: Usually only very small parts of a watershed

are tarmsteads, roads, are as. When this is 50, the areaz may be included with one ol the

other land use cover Lypes (such as [allow or small grain) in the computation of runoff,
- Tundra: This class includes up and down and cross slope farming in straight rows.

i~ Barren Land Contouring: Contour lurrows used with small prains and lepumes are made

planting. are generally small and dizappear due to climatic action.

5= Perennial Ice or Snow: these contain the [oe station that ¢an't found the plants.

- Water: it's relationship about the stream and rainfall & waterways, Lakes.
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CHAPTER THREE
HYDROLOGIC PRINCIPLES

3.1 General

Hydrology is the science that deals with the arigin. distribution and propertics of
water on the earth including that in the stmosphere in the form of water vapor, on the

surface as water. snow ar ice, and beneath the surtace as ground water.

['ngincering hydrology includes that portion of the science. which deals with the
estimation of runofl’ and its transportation from one place o anather. The hydrology
study is useful for the design and operation of engincering projects for the contru]

and pse of water.

I'he purpose of Lhis chapter is to presenl lundamental hydrologic principles for

estimaling surface runoff from the watershed.

3.2 The Hydrologic Cycle

Muost of the carth’s water sources, such as. rivers, lakes, oceans and under ground
water sources, etc. get their supplies (rom the rains, while the rainwater in itsclf is the
evaporation [rom these sources. Water is lost to the atmosphere as vapor from the
carth, which is then precipitation back in the form of rain. snow. hail. dew. sleet or

forest, cte.

This evaporation and precipitation continues forever, and therehy, a balance is

maintained between the two. This process is known as hydrologic cvele. It can be

represented graphically as shown in Figure (3.1).
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Figure (3.1): Movement of Water throogh the Hydrologic Cycle

The hydrologic evcle continuously keeps a balance berween the water of the earth
and the moisture in the atmosphere. Precipitation is the fall of moisture from (he

atmosphere to the earth surface in any form. For land areas:

Precipitation = rumoff + 1055e8 ..o ecerormeeesiveesooeeooooo (3.1)

Thus the importance of an in depth study of the hydrologic cycle lies in making use
of long-term available precipitation datas for planning engineering projects, through
this relationship between precipitation and runoff of the hydrologic cyvele which will
be exploited to build rainfall-runofl’ models.

Precipitation is the main input parameter in the water budget ol the West Baunk,
whereas the ucrual evaporation, infiliration and runoff are its major output

parameters, The interception and depression slorage are of minor importance.
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An overall water balance condueted by Rofe and Raffety (1965) shows that the
actual evaporation, infiltration and surface munofl’ represent 066.9%. 26.8% and 6.3%

of the annual rainfall, respectively, These data are represented in Figure (3.2).

Legend

@ Fraporation

O Inflirtion. |

O Hunoft

Figure (3.2): Water Balance

3.3 Precipitation

Precipitation is the total supply of water derived from the atmosphere in the form of
rain, snow, mist, frost, hail. sleet, etc. which is of particular concern to man and
agriculture, A major part of the precipitation eceurs in the form of rain, and a minor

part oecurs in the form of snaw.

Other forms of precipitation such as hail. sleet, mist, ete, are all very small, and
generally ignored in the design of most of the hydrologic works, and therefore, they
are not of much importance to us. Rainfall runs of to the stream soon after it reaches
the ground and it is the causc ol most of the floods. Frozen precipitation may remain

where it falls for 4 long time before it mels,

Precipitation is oflen classified, as under, according to the factor responsible [or the
lifting of the air mass. In nature the effects of the various types ol cooling, causing
precipitation, are often interrclated, and the resulting precipitation cannot always be

identified as being of any one type:

| o]
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1- Convective precipitation,
2= Geographic precipitation.
3- Cyelonic precipitation.

4= P'recipitation due o wrhulent ascent.

All forms of precipitation are measured as the vertical depth of water that would
accumulated and a level surface, il the enter precipitation Temained where it tall.

The wtal amount of precipitation falling on earth in a given period, will henece he
expressed us the depth to which it would accumulate on the horizontal projection ol
the earth’s surface. il there were no loss by evaporation or runoff, and if any parl of

precipitation falling as snow or ice were melted.

The vwo rypes of precipitation (i.e rain and stiow) arc measured separarely by

measuring devices called rain gages and snow gages, respectively,

I'he simplest method of measuring rainfull is by sitting up a rain gape with a
horizonial circular aperture of known area, and collecting and measuring at regular
mtervals, the rainfall collected in the gage is representative of a certain area around

the point where the measurement is made.

3.4 Evaporation

Evaporation is the transfer of water lrom the liquid to the vapor stare from open
waler surfaces. Evaporation is principally strong in summer a5 a result of high

temperature. intensive sunshine and low humidity.

The evaporation rate in the mountain region is lower than in other regions. Potential
cvaporation is consider an important factor in the water balance equation, and is an

efficient tool to measure the amount of water that is needed by a certain crop.

|-
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CHAPTER 3 HYDROLOGIC PRINCIFLES

As the amount of evaporation increase, more water transpires from the plants and.
consequently, more water will be needed to satisty the plamt regquirements 1o achicve

adeguite plant growth and maximum crop production.

But, a5 the rainfall concentrated in the winler months, when evaporation is at ils

lowest, more water will be percolated Lo the groundwater.

ASA Program 1996, mention that 73% of the rainfall evaporates directly from the

around hefore the water infiltrates to groundwater or runs in the wadis.

The following Columnar (Figure 3.3) bars show the variation in the mean monthly

evaporation data (mm) of Hebron Climatic Station in the petiod 1975-1997. (Data

from Palestinian Metrological Department, 2002)

Evaporation (mm)

Months

Figure (3.3): Mean Maonthly Evaporation for Hebron Arca
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3.5 Infiltration

Infiltration is a movement of water from the surface ol ground into the soil. In a

ruinstorn, infiltration normally begins at a high rate and decreases to a minimum as

rain continues, At any instant, the Infiltration Capacity ( 74y of soil is the maximum

rate at which water will enters the soil in a given condition.

The rute al which water actually enters the soil during a storm is known as

Infiltration Rate (/ I] and is equal o the infiltration capacily or the rainfall rate
whichever is less which means when the rainfall intensity is less than the infiltration
capacity. the prevailing infiltration rales are approximately equal 1o the rainfall rates.
and il the rainfall intensity is always above the infiltration capacity. the infiltration
rate follow the capacily curve.

Intiltration capacity depends on many factors such as; soil tvpe, moislure content,
compactor, due to rain, man, and animals, vegetative cover. and temperature. The
limiting value of infiltration capacity is controlled by the soil permeabilily and can be
determined experimentally by subjecting an cxperimental plot to rainfall rates in
excess of infiltration capacity and by measuring surface runoff.

The other method is by use of infiltrometer of which there are many different types.

lior (he rainfall rates in excess of the infiltration capacity, Horton found that

infiltration capacily varies as:

=i~ 1)e™ 3

Where;

1 is the infiltration capacity at any fime | [rom start of rainfall.
L is the initial infiltration capacity. generally mm/hr, at t = 0.

J- is the infilwation capacity afler it attains a constant value,
k i the positive constant value depending on soil and vegetation cover,

t is the duration of rainfall, recorded from the beginning of rainfall,
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Typical infiltration curve and runoff is shown in Figure (3.4)

Hnintall

Runaff

Infiltration Capaciy

Rainfall and Infiltration {in/h)

Imiilirativmn

Time in hour

Figure (3.4): Typical Infiltration Curve and Runoff

3.6 Runoff

The runoll of a catchment m any specified period is the total quantity of water

draining into a stream or Lo & reservoir, expressed as:

i) Centimeters of water over the catchment.

ii) Total water in cubic-meter or hectare-meter.

I'he raintall on different areas is disposed off in the following manner:
#) Absorption.

1) In sustaining plant lite.

i) In maintaining the moisture on the soil.

iii) In replenishing the sub-soil waler level.

iv) By evaporation.

26
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by Artificial irrigation.

¢) Runoff into the sca.

3.6.1 Factors affecting the runoff
The facters affecting the Now from a catchment are the following:

1. Precipitation characteristics.
4} |ypes of storms, extends, duration and intensity of rainfall.
b} Distribution of storm intensity with lime.

e) Effect of proximity.

2, Geological features of the catchment.
a) lvpe of surfisce soil and sub soil and their permeability characteristics.

b} Location of the outlet or puint of discharge of the previous deposit.

3. Size and shape of the catchment.

a) Usually intense rainfall is over a small arca i.¢c. larger the catchment arca.

smaller is the intensity of raintall.

b) Fan shape catchments, given greater runoff because (ributaries are nearly of
same size and hence tme of concentration of runoff is nearly same. On the
contrary, discharge over fern leaf arrangement ol iributaries, is distributed over

a long period.

4. Topugraphy.
@) The inclination of the surface and the degree of inclination.
b) Character of the aren whether smooth or rugged.

¢) More rains on the catchment on windward side of mountains,

5. Meteorological conditions.
a) lemperatures-annual and seasonal, their variations and duration, timings of

extreme low and high temperatures,
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b} Barometric and atmospheric movements and their relation to path of storm

centers, winds and evaporation.

6. Character of catchments surface,
a) Drainage of the area.
b} Culuvation in the area or natural.
c) Bare or covered with vegetations, crops. orass or [orests.

.

7. Storage characteristivs,
4) Capacity of reservoir.

b} Flood routing operations.

3.6.2 Estimating runefl

Runoff is estimated by various methods. These can be classified under the following

headings:-

|- Empinical formulas and tables.
2- Rational method.

3- Infiltrution method.

4- Hydrograph method.

5- SCS curve number method.

3.6.2.1 Empirical formulas and tables

Several investigations have evidenced their empirical formulas for finding out the

quantity of monthly or yearly runoff.

Some ol these tmportant formulas are given below: Runoff percentare formula: The
following Table (3.1) shows the percentages of runofl o rainfall based on (he

ubservalions,
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Table (3.1) Percentage of Runoff to Rainfall (Randkivi, 1978)

Annual rainfall (mm) Runoff {percent)
500 15
600 21
700 25
800 29
200 34
1000 38
1100 40 1

Runoff coefficient formula: The runeff (R) can be determined by using the direct

ramfall-runoff formula as:

Where:
2 is the vearly unoff in cm.

P is the yearly precipitation in em. and

k is a constant. the usual valucs of which are given in the Table (3.2).

Table (3.2): Yalues of Runoff Coefficient (K) (Randkivi, 1978)

Type of Area Value of K ;
Single houses 0.3 1
Garden apartments. 0.3
Commercial and Industrial area (.9
Iorested areas depending on soil 0.05-0.2
Parks, Farm land, pasture, etc. 0.05-0.3
. Asphall or concrete pavement 0.82 B
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iii. Khasla’s formula: This general formula can be used for any catchment, where the
rainfall is uniformly distributed through the vear, This formula is very useful, and

states that:

Q=F-048317, {When Tn s " ) (3.4)
Where:;
2 i the yearly or monthly runoff in cm.

P is the yearly or monthly rainfall in em, and

Ty is the mean vearly or monthly temperature in degree centigrade.

3.6.2.2 Rarional method

[ this method. the rnofl is correlated with the minfall. Attempts have been made to
estimate the maximum flood discharges by having a series of formulae to correlate
the many variable factors. Ihe most noteworthy of them is by Richards, His theory
of flood estimation rest on the prineiple “that the average intensirty of rainfall is un
average lunction of both the calchment area and of the duration of the storm“the
assumptions are then made that the storm fully covers the catchment and that its
duration is equal to the period of concentration ol flood. The rainfall is assumed
uniform and constant over the catchment. The slope of the carchment is assumed
uniform. All these conditions are difficult to be met with and this method cannot he

used for large basins.

In this method the basic formula

is used, where:
Q- flood flow in cubic merer.
C = runoff coefficient. ratio hetween runoff and rainfall,
! = Rainfall in mm per hour

A = drainage area contributing to runolT in squarc meter.
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In this method. the drainage arca is divided into a number of sub areas and with
known time of concentration of different sub greas, runolT contribution (fom each
ared is calculated. The values of C for use in rational Formula as given by M Bernard

(1938) are given in the Table (3.3),

Tahle (3.3): The Values of (C) for Use in Rational Formula (Bernard, 1938)

Value of C for Watershed Cover

Suil Type

Cultivated | Pasture | Wood land

With above average infiltration rates. usnallv

(.20 0.15 0.15
sandy or gravely
With average infiltration rates, no clay pans; 3
_ 0.40 0.35 0.30
lams and similar soils.
With helow average infiltration rates: heavy clay
: e (.50 .45 0.40
soils or soils with a clay pan near the surface. I
— |

3.6.2.3 Infiltration method

Infiltrarion index is the average rate or loss such that the volume of rainfall in excess
of that rate will be eyual 1o the direct runoff. This method used for large area.
Iistimates of runoff volume from large areas, having heteragencous infiltration and
rainfall characteristics are mad by use of infiltration indices. The most comimon of

these indices are:

L The ®© Index :

Ihe @ index is the simplest and is based on the assumption that for a specitied storm
with given initial conditions, the rate of hasin recharge remains constant throughout
the storm period. Thus if a time intensity graph of rainfall is constructed. the @ index
is the average rainfall intensitv above which the volume of rainfall equals the volume

of observed runoff, as shown in Figure (3.5).
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g
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Figure (2.5): Schemutic Diagram Hlustration the Meaning of Index
(Randkivi, 1978)

ii. W-Index :

This index is defined ns the average rate of infilration during the time rainfall

Intensity exceed the infiltration capacity.

W = om | hour

P—R
'rr
Where:

b is the duration of rainfall in hours.

R and P are runolT and precipitation.

Fssentially the W-index is cquivalent to @-index minus the average mte of

retention by depression storage.

ili. W Index:

With very wet condition, when infiltration capacity is essentially minimum. and

{ Wes Jare almost identical.
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The infiliration index can he usad o ¢stimate the unoft coefficient ( Ky from the

relation,

il T N o oA b eyt 1.7)

Where:

{ isthe rainfall intensity (em/hour).

3.6.2.4 Unit hydrograph method

| lydrograph is a graphical representation of runofl’ rate against time. A Lypical

hydrograph resulting from single storm. as shown in Figure (3.6), consists af:

1) Rising limb
2) Peak

1) Recession

The direet runott portion of a hvdrograph is the summartion of overland flow and
interflaw. Groundwater flow (hase flow) is to he separated from hydrograph

determine direct Tunoll which is the result of precipitation,

Feak
I
ET)
A o
L] TECESIION
E 1 .
i TISAmE !
4 limb Direct Runaff
2
R N e
]
Ruse Flow Grnudwaler
Time (1)

Figure (3.6): A typical Hydrograph from Single Storm (Mulreja, 1995)
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A unil hydrograph is the direct runoff of unit (lem) volume resulting from a
rainstorm of specified duration and a real partern. It assumed that the ordinate of
direct runofl hydrographs is lincarly proportional to the depth of excess precipitation.
Thus; hydropraph from other rains of same duration and partern are assumed 1o have
the same time base. but' ordinates would varv in proportion to nunoff volumes, as

shown i Figure (3.7).

Fam runaft
WH

2 oo el
TR

Figure (3.7): Runofl Curve (Mutrgja, [995)

i. Determination of unit hydrograph

1) Obtain precipitation records and hydrograph.

2) Separate hase flow ol slorm hydrograph.

3) Find the volume and depth of direct runoff.

4) Divide ordinate of hydrograph by direct runoff to find unit hydrograph.

5) Separate precipitation hydrograph by a horizontal line so that VI' = V. This linc

is O - index.

Onee the unit hvdrograph of certain duration is known, hydrographs of other

durations can be oblained.
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ii. Application of unit hydrographs

Unit hydrograph can be used:
1) To determine runoff
2) For estimation of peak Now for design
3) For flood studies

1.6.2.5 SCS curve number method

The Seil Conservation Service (SCS) of the US Department of Agriculture has
developed method for estimating the volume and rate of storm runoff that can be
applicd to developing rural or suburban areas. A basic distinetion between the SCN
and rational methods is in the emphasis that SCS places in correlation between the
tvpe of soil cover in the watershed and the runofl in this seetion. a brief overview of

the SCS graphical method is presented for relatively small watershed.
Four hydrologic soil groups are defined the SCS method, as the Table (5.4) tollaws:

‘Tahle (3.4): Hydrologic Seil Groups (Karanth, |98%)

Soil Group | Deseription
A High infiltration rate / Low runoff potential
n Moderate infiltration rate
C Slow infiltration ratc
D Very slow infiltration / high runoft potential

Data from field studies of the site and measured infiltration rates can help to identify
the appropriate soil group: the velume and rate of runoff depend on the type of the
land use in the watershed. In the SCS methed, the sffects of both suil group and land
use are characterize in a term called the ronoff curve number, abbreviate CIN. Tables
(3.5) present a summary of typical ON values used in the SCS method ol estimating

rniiT.

1
i
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Table (2.5): SCS Runoff Curve Number (Karanth, 1988)

CN Value for liydrologic Soil Group
Land Use Deseription A = s 5
 Meadow 20 58 71 78
Forest BT 55 70 77
Grass lawns 39 5 7 R0
| Commercial-Busincss 89 92 94 93
Residential 54 70 &0 B3
Pavement-rools | 98 98 08 ag

As the value of CN decreases, the amount of direet runoff will also decrease.
Composite or weighted CN values can be computed for watersheds comprising morc
than one type ol soil or land use in the same way this is done for the composite C in

lhe rational method.,

A graph showing the relationship among rainfill depth, in inch, the amount of runoff.
also expressed in inch, and the ON values is illustrated in Figure (3.8). The chart in
Figure (3.8) is entered on the horizontal axis with the depth of rainfall from an N-

vears storm ol 24-h duration.

First moving vertically up to the curve matching the CN for the watershed (or the
estimated curve position il it falls between the values shown on the graph) and then
moving horizontally ta the left, the volume of runoff can be read on the vertical axis.
For example. a 24-hs rainfall of 6 in. on a watershed with UN = 70 will produce 2.8

in. of direct runoff over the arca of the watershed,

The SCS (Sail Conservation Serviee) method is an empirically developed approach
W the water infiltration process. It has been developed by [rst finding sz
mathematical function whose shape as a lunction of time matches the observed

teatures of the infiltration rate,

11
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This function is then provided a physical explanation of the process (Jury, 19913, In
semi-empirical models, most physical processes are represented by commonly
accepted and simplistic conceptual methods rather than by equations derived from

fundamentally physical principles.

Ll r : . P —
: | | ‘ !
a0 , ‘ | | —
80 == = — — Eemwey
0 CN=50
— N
E bl — N1
E an . (ZI=T1)
z —_— N
g — CN85
30 SCNC 9
CN-45
20 CN=100
{1
£
Rainfall (mm)

Figure (3.8): A Selection of 8C8 Rainfall-Runoff Relationships

for Several CN values
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CHAPTER

4 HYDROLOGIC ANALYTIC IN ArcGIS

4.1 General

4.2 Water Flow Analysis

4.3 Flow Direction Grids

4.4 Watershed and Stream Neiwork

4.5 Watershed
4.6 Case Study: Wadi Al-Zarzeer Watershed
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CHAPTER FOUR
HYDROLOGIC ANALYTICIN ArcGIS

4.1 General

The study of the hydrology begins in describing the scientific principles governing hydrologic
phenomena. smudying the hvdrologic system operation and predicts its output, and applving
the knowledge into water resources and environmental engineering project. As mentioned
carlier, geographical information system (GIS) has lead o sienificant increase in ils use in
hydrological application. This chapter explains how to generate watershed und water stream

for the project area using (GIS).

4.2 Water Flow Analysis

I'he model which is used here follows the water from the farthest point until arriving the

outlet, and analyses the movement of the point according to the elevations as describes below.

4.2.1 Function "rocessing

+ FLOW ACCUMULATION

FLOW DIRECTION = ———— 3
| = STREAM ORDER

: . inbivetdandiin |

¥ -~ STRFAM | INF

SINK E STREAM LINK

| =~ -

Are there any sinks?

—hi-FLDWLENGTH

SNAP POUR

WATERSHED,

b

Figure (4.1): Flow Chart for Funetion Processing on Arc-view Software

a9
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g

4.2.2 T'rinngulated irregular network

Imangulated Irregular Networks data (TIN) sets can be used to displav and analvze surfaces.
They contain irregularly spaced points that have x, y coordinates describing their localion and
a z-value that describes the surface at that point. The surface could represent elevation,
precipitation, or temperalure. A series of edges join the points to form triangles. The resulting
iriangular mosaic forms a continuous faceted surface. where cach triangle face has a specific
slope and aspect (Library of Are(iis.9).

+.2.3 Digital elevation model

A Digital llevation Model (DEM) is a dipital earth surface lerrain elevations in XYZ
coordinates which buill by converting the contour map of study area to Triangulated Irregular
MNelwork (TTN) Figure (3.2).

Figure (4.2): Digital Elevation Model (DEM) converting the contour map to
Triangulated Irregular Network ('T1N)

The terrain elevations for ground positions are sampled al regularly spaced horizontal
intervals. In other countries DEMs are produced by some national institute, e.g. in the USA

DEMs are produced by U.S Geological Survey (USGS) as apart of its national mapping

40
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program. Cell sizes for Uniled States are available at (30m), (100m), (500m), and for the
world al (1 km) cell size. (Maidment, 2002)

A Digital Elevation Model (DEM) consisting of a rectangular mesh of elevation points
located over the landscape. Rectangular mesh has a number of cells represents the elevation

of the center of the cell as the following Figure (3.3).

67 | 56 | 55 | 40 | SO

Figure (4.3): Surface Terrain Represented by a Mesh of Cells

The highest resolution DEM data is being produced by local mapping efforts with cell sizes ol

10 m or smaller.

The 1ISGS produces five different digital elevation praducts, Although all are identical in the
manner the datz are structured, each varics in sampling inlerval, geographic reference system,
areas of coverage, and accuracy: with the primary differing characieristic being the spacing,

or sampling interval. of the data

4.2.4 The eight direction pour point maedel

The eight direction pour point model is the basis for cell-based drainage analysis using a
DEM. Pour point is & location where the water Hows oul the cells. From Figure (4.4) each
grid cell surrounding by eight cells (four on the principal axes and four on the diagonals)
{ Library of ArcGis.9).

4]
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Figure (4.4): Pour Point Model

Water can flow in the cell 1o one and only unc of its neighboring cells, in the direction of the
steepest descent. The slope between the adjacent cells is defined as the ratio of the elevation
difference to horizontal distance of the two cells eenters. For example, Figure (4.5) illustrates
a DEM grid with a cell size equal to one unit. (Maidment, 2002)

o1+
67 | 56 | 49
53 | 50 | 37
58 | 55 | 22

Figure (4.5): Direction of Steepest Descent

Ihe distance between the cell centers is 1 on the principal axes and 7 = 1.414 along the
diagonals. The water flow from cell 67 to:

The slape between cell 67 to cell 56: (67-56)/1 = 11

The slope between cell 67 to cell 53: (67-53)V1 = 14

The slope between cell 67 1o cell 30: (67-500/1.414 = 12

The flow direction of cell 67 w the steepest descent is lrom cell 67 to cell 53.The eight
direction pour point models is a simplification ol the true path of water flow in any direction.

not just one of the eight prescribed directions,
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-

4.3 Flow Direction Grids

Flow direction grids are the flow directions from cell center to call center, When the DEM is
filled the flow direction grid derjved dircctly. It stores the flow direction number for each cell,
which corresponding to the direction of steepest descent as determined by the eight direction
pour point maodel, These directions can be represented schematically using arrows. as shawn

below in Figures (4.6), (4.7) and (4.8). (Maidment. 2002),

67 | 56 | 52 | 44 | 50

65 | 55 | 23 | 32 | 24

atT | 47 | 21 17 | 20

53 | 34 13|11 13

Figure (4,6): DEM Grid

Figure (4.7): Flow directions and the Eight Directinns

Pour Point Model
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Figure (4.8): Flow Direetion Grid

4+.3.1 Grid networks
Flow network is a network of clementary flow paths that connected each cell in the grid, cell

by cell downstream, to the eventual outlet point of the ferrain surface. This network called
network grid (defined with a grid),

DEMs uscful in the hydrology if it can be able to describe o flow with a one-dimensional

network over a two-dimensional surfice.

Because modeling two-dimensional flows is more complex, grid networks transform the
problem of desceribing a two-dimensional flow aver @ surface into a problem of defining g
one-dimensional flow through a network. (see Figure (4.9)),

Figure (4.9): Flow Direction for Each Cell
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4.3.2 Flow accumulation erids
Is one of the most important grids in hydrologic analysis, count the number of cells upsiream
from each individual cell? To illustrate how derived flow accumulation arid from a grid

network look at the following Figures (4, 10.a) and (4.10.b).

Figure (4.10): a) Grid Network b) Flow Accumulation Grid

{Mohammadin, 2003)

The entire cell in the first column and first row gave zero upsiream cells, which are coded
with a low accumulation of 0. Cell (2, 2) has 3 cells upstream. Cell (2. 3) has two cells
upstream ...¢le. 1o determined the flow accumularion grid by similarly computing the values

lur all other cells as indicated in the Figure (4.11).

Figure (4. 11): Flow Accumulation Grid  (Mohammadin. 2003)
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4.4 Watershed and Stream Network

Stream Network and ils watersheds is a fundamental to studying the movement of water
through the landscape. Watershed and stream networks are defined using DEM. A streani cell
15 any cell with a ow accumulation value larger than the cell threshold. All stream cells are
assigned a value of 1; all others are NO DATA cells. A stream network is the connection of
all the stream cells (value = 1) in the direction of flow, which defined by the flow direction
arid. From the following Figure (4.10.8), the cclls are connected in the direction of flow.
Figure (4.10.b) shows the stream grid From flow accumulation grid, Each cell with its flow
accumnulation value equal to or greater than § is defined as part of the stream orid and

assigned a value ol 1. All arte assigned a NO DATA value. (Maidment, 2002)

12'3-4'-_5 P 203 4 8

a, 5 Sl |
5 TS l-k

Figure (4.12): a) Flow Aceumulation Grid b) Stream Grid

[(Mohammadin, 2003)

Water Hows downstream cell by cell. Flow accumulation grids count the number of cells
upstream from any given cell, When the amount of water flow into the cell accumulation to a

certain point, the cell considered part of the stream network.

4.4.1 Steam links

The Stream Link function allows yvou 1o assign unique values o each of the links in a raster
lincar network, as shown in Figure (4.13). This is most useful as imput to the watershed
function to quickly create watersheds based on stream junctions. It can also be useful for

attaching related attribute information to individual sepments of 4 stream,

di
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A raster linear network can be accurately converted 10 fealures representing the linear
network using the stream to feature function. The vectorization algorithm is designed
primarily for vectorization of raster stream networks, or any other rasier representing a raster
linear network for which directionality is known, In the output feature dutasel. all ares will

point downsiream.

D Walue = Mo Drata

! Streamline

NET_GRID \ o
&
—

Gridline

Fignre (4.13): Stream Links

The stream Lo feature algorithm is optimized to use a direction raster (o aid in veetorizing
snterseeting and adjacent cells, With stream to feature il is possible for two adjacent lincar
features of the same value to be vectorized as two parallel lines instead of being lumped into a

single line as they would when using other vectorization methods.

Links are the sections of a stream channel connecting two suceessive junetions, & junction :nd

the outlet, or a junction and the drainage divide, (Figure (4.14)),
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— Links « Junchorns

Figure (4.14): links and Junctions

4.2 Slream outlets

Siream outlets are the most downstream cell of o watershed. The water within the watershed
Sow through the outlet (which has the maximum flow accumulation valug) to another
watershed downstream.

“he walershed delineated by vutlet cells. The number of outlet cells determines how many sub-

satersheds will be delineated. Each of the sub-watersheds is the drainage area to its outlet.

‘0 determined the drainage arca [or a certain location { as a stream gauging station or water
sght location), should be define those locations as the outler cells by converting the poinl
Seme of those locations to a grid theme. then delineate the watershed or drainage area from

Dose locations (see Figure (4,15)),

435 important (hat the location points fall exactly on the streams; otherwise the delineation

will not be accurate.
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1
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Figure (4.15): Stream Qutlet

4.5 Watershed

A watershed is an area that drains waler and other substances to a common outlet as
concentrated  drainage. Other common terms for a walershed are basin, catchment, or
contributing area, lhis area is normally defined as the total ares flowing to a given outlet. or
pour point. These areas arc the outpul of the watershed function. The boundary between two

watersheds 1s relerred Lo as o watershed boundary or drainage divide .

An outlet, or pour poink, is the point at which water flows owt of an area, This is the lowest
point along the boundary of the watershed. The cells in the source raster are used as pour
points above which the contributing area is determined. Source cells may be features such us
dums or stream gauges, for which you want to determine characteristics of the contributing

area, (Fipure (4.16)).
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Wetershed, Basin,
Catchment,
Caontributing aren

—— 'Watershed boundaries, drainage divides
Stream nebwork

¢ Outets, pour poirks
L1 Subbasin

Figure (4.16): Watcrshed and Sub Watershed Boundaries

In the AreGis.9 Spatial Analysis Extension watershed built as & funetion. The inpur grids for

the watcrshed lunction are a flow dircetion grid and an outlet grid. The output grid is a

watershed orid,

4.6 Case Study: Wadi Al-Zarzeer Watershed-Dura area

An AreGis.® was used to process the DEM and generate the hydrologic parumeters required

10 develop the sputially distributed travel time disteibution and direct runaif hydrographs by

routing the runoff down 0 the outlels. ‘The original provedure was created the DEM in

Arc(iis.9 project: to identify and [l sinks; to gencrute flow direction, flow accumulation, and

stream network, The procedures are as follow:
|- Triangulated lregular Netwarks (TIN) was lined as appear in Figure (4.17).
Z- The Digital Elevation Model (DEM) derived from (1IN} as shown Figurs (4.18).

3- The Flow Direction was computed as shown in Fi gure (4.19),

+- The Flow Accumulation derived from flow dircction as shown in Figure (4.20).

3= The Stream Network was constructed as shown in Figure (4.21) .
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Figure (4.18): The Digital Elevation Model (DEM)
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Figure (4.20): The Flow Accumulation




HYDROLOGIC ANALYTIC TN ARCGIS

FRETOE

FESLOE

FRETDE

1 §:1-T=]

IgiriL

ERELEL

EOras! CHREFL

L1 0oE 0
simjap C——— ——

IMHITR ]

Sp=reIagey [
ol
HADALEN WESITS x....x.\ ._._J 5
.l......1...n\.._... ....| | .__
usbar e /
P & : /
Y o £ \m,
& ;
_ i /
.......l.l.l i =
___‘- i1 ...\.\..
f = S o
h = ..... v_._.. ..%.1
! s ;
ll.._.-..l.l |I|
........:L._._. L . | 4 q.__\
7 - i, |
: £ \__‘
s g
i i \\x
o~ = -~
T - =t ...h_.__.} .\.\\.
f gl (2 -
B \\.
; 4
o
| i
N sl

dey-yIoMIou wWeeIls
I2ZIEZ-TY PEM

RRLEGE

LESTOL

(5 15-r2Y

Lgorol

LELPAL

JjotijsTg uolgsy

IFTALS IO JUIE IEely

Porb] e, Jeg i P W EpTeg
sy cnems

Fusun ey SuraesttEuy TTATA
Tarsasapuy ormpeqfitos suissersg

3

Z0ELLL

TRFOEE 9955

—_——
—

CHAPTER 4

Figure (4.21): The Stream Network
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CHAPTER FIVE
FIELD WORK AND EXPERIMENTS

5.1 General

Response of 2 watcrshed (catchment) to specified rainfall input is shaped by the catchment
characteristics such as morphometric parameters, soil classification, and land use and land
cover (LULC), this input data is used to estimate the amount of direct runofl for the

watershed area for the given precipitation.

1his chapter deals with the procedure of experimental and feldwork, which were carried out
i order to classify the soil, and prepare the land use and land cover map The results were
used to classify the soil, Ond out the nmofl’ coellicient, and then estimate the surface direct
runoff for the watershed that is studies in the next chapler,

5.2 Watershed Boundary and Grid Setup

5.2.1 Watershed houndary

The watershed boundarv was restricted by land surveving using (GPS) techniques especially

naviganon instrument (Magellan).

The (GPS) techmyues is more suitable than (GIS) for delineation watershed boundary
because the study area is not large. The points of the boundary were taken from the field
prepared into ArcGis @ as shown in Table {5 1), and the boundary of the watershed appeared
n Figure (5.1).

2.2 Grid setup

After the watershed delineation into the GIS, it is necessary lo setup the prid of the field to
conduct the experiments in suitable sites, and to clessify the soil Navigation GPS used land
surveying Lo selup the grid in the field. The prid was designed using ArcGis® and the
soordinates of grid points in the Table (5.2). The grid covers the whole watershed is shown in

Slgure {5.2),
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Table (5.1) : Coordinates of Wadi Al-Zarzeer Watershed Boundary

No | X-coordinate(m) Y-coordinatefm) | No | X-coordinate{m) V-coordinate(m)
0 | 156813 | 103921 79 155603 | 102350
| 156350 1039486 30 155564 1024407
[ 2 156884 103919 31 155504 102427
3 156910 103855 32 155486 102500
4 | T1se901 163781 33 15549] 102573
5 156948 103713 34 155534 102659
6 157000 103708 35 155615 102792
&%) 157030 103640 36 155697 102853
] 157013 103584 37 155753 102004 |
) 136953 103562 38 155800 102969 |
10 156850 103493 34 155856 103016
11 156768 103425 40 155895 103068
12 156663 103330 41 155050 103162
13 156553 103235 42 155998 103214
14 156484 103184 43 156024 03270 |
15 156420 103102 44 156037 103321
16 | 36407 1030186 45 156071 103394 |
iE 156407 102939 46 156136 103485
18 15638 | 102848 A7 156192 103528
19 156325 102810 48 156269 103571
| 20 156239 102784 49 156346 103618
§ 2; 156149 102754 50 156394 103644
| 22 156067 102663 51 156437 103683
N 156024 102569 52 156475 103721
| 24 155968 102539 53 156506 103777
25 155801 102504 34 156544 103799
25 155835 102451 55 156617 103846
27 155736 102345 56 156686 163876
| 2% | 155641 102350 57| 156768 103893
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FIELD WORK AND EXPERIMENTS

Tahle (5.2): Coordinates of Grid Points

X-coordinate(m) Y-coordinate(m)

156782 103737
156932 103737
156762 103487
156532 113487
156282 103487
156332 103237
156282 103237
156037 102037
156282 102987
136032 102987
156032 102737
155782 102737
102737
102487
17487

5.3 Soil Tests

£.3.1 Introduction

Soil classification provides a systematic method of describing soils according to their
probable engincering behavior, It involves classify soil mto different groups, i e sand, clay.
ctc. There are many soils classification systems, bul the most used are: the Umfied Soil
Classification Systemt (USCS) and the American Association of State IMighway and
Transportation Officials (AASIITO) system.

The AASHTO system ix using by transportation depariment and highways. And USCS
system was modilied in 1952, in order to make it suitable for dams, foundation and other
sonstruction projects. The USCS system will adopt in this project as it is related to dam's
project. A sieve analysis and moisture content method will be used to classify the soil samples

af the praject.
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For the purpose of the study, more than 10 samples of soil were collecred from the study area

and the experiment of sieve analysis and moisture contents wore cartied out in the Civil

Engineering Department Laboratories,

5.3.2 Sieve analysis

Sieve analysis is consists of shaking the soil through a stack of wire screens with openings of

known sizes; the definition of particle diameter for a sieve test is the side dimension of a

square hole. The test procedure, which should be followed, depends on the soil in question If

nearly all its grains are so large that they cannot pass through square openings of 0.074 mm

(No. 200 screen), the sieve analysis is preferable.

l'est methodaelog

a) Eguipment required

1) Set of sieves,

2) Brush (for cleaning sicves).

3) Balance (0.1 sensitivity)
4} Drying aven,
5) Large pane.

b) Method of work

l.

-3

i

Weigh to 0.1 g each sieve that is to be used Make sure each sieve is clean before
weighing 1t.

Select with care a test sample, which is representative of the soil to be Lested; break
the soil into its mdividual particles with by fingers or by a rubber tipped pestle.

Weigh to a specimen ol approximately 1000 g of oven-dried soil

Sieve the svil through a nest of sieves with on hand, using a motion of horizontal
rolation or using a iechanical shaker, if available. At least 15 minutes of hand sieving
1§ desirable [or sails with small particies.

Weigh to 0.1 g each sieve and the pan, with the soil retained on them.

Subtract the weights obtained in step 1 from step 5 to give the weight of soil retained

on each sieve

a2
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7. Percemtage retained on and v sieve = wt. of soil retained * 100

Total soil wi.

8. Cumulative percentage retained on any sieve = sum of percentages retained on all
Coarser sigves.

9. Percentage finer than any sieve size = 100% - cumulative percentage retained

10. Draw yraph between log sieve sizes vs. % passed. The graph is known as the grain
size distribution ¢urve, which has been widely used in identification and classification.
Cotresponding 10%, 30%, and 60% passed, diameters obtained from the wraph arc
designed as Dyy. Dag, Den. Where Dy is the grain size that corresponds to 10% of the
samples pass by weight (10% of the particles are smaller than the diameter Dy, ). and

50 on Dy, Dey,

11. The coefficicnt ol uniformity (Cu) and cocfficient of curvature (Cc) are calculated as

following

Sereron] A

More than 10 experiments were conducted in the laboratory The results necessitated

classilying the soil samples into two types:

a) Well graded clay
b) Poorly graded sands.

53,3 Permeability Test

One of the most important of catchment characteristics is the permeability rate which is
felped to classify the soil The degree to which soils are permeable depends upon a number of
factors, such as soil type, grain size distribution and soil history. This degree of permeability

is characterized by the coefficient of permeability.

53




FIELD WORK AND EXPERIMENTS

The coeflicient of permeability, k, is a product of Darey’s Law. In 1856, Darcy established an
empirical relationship for the How of water through porous media, His relationstup has

evolved into Darcy’s Law, which states:

Where:

Q = flow rate (volume/time)

| = hydraulic gradient (unitless)

A = cross-scotional area of flow {area)

k= coeff of permeability (length/tlime)

[t should be noted that rthe coefficient of permeability i3 ofien referred to as hydraulic
conductivilty by hydrologists and environmental scientists. Tnitial permeability rate described
dry soil where the water infiltrates rabidly At the same lime water replaces the air in the

pares,

A number of different methods for determining the coefficient of permeability for soil exast,
ncluding in-site (field) methods and laboratory methads. In the tabaoratory, lwo common tests
are generally used to determine this soil property. These two tests are the falling head

permeability test and the constant head permeability test

Which test is used depends upon Lhe Lype of soil ta be tested. For soils of high permeability

(sands and gravels) a constant head test is used In the constant head lest, a constant total head

driference is applied to the soil specimen, and the resulting quantity of seepage can then be

measured. This works very well for coarse-grained soils, but with clays and silts, the quantily

of seepage is much too small Lo be accurarely measured.

Fest methodology
2) Equipment required

Geotextile flter disks: These will be placed between the soil and the porous stones
. Permeameter: This device is basicallv a transparent acrylic cvlinder (see Figure 5.3),
- Constant-head putfall sgtup.

. Deaired water supply




CHAPTER S FIFLD WORK AND EXPERIMENTS

% Graduated cylinder. 100 mi
6. Thermometer
7. Silicon grease: This is rubbed anto the o-rings un the top and bottom of the cell

8 Balance

& Lflet ks bo evaporaling
dishy st b sivde

Figure (5.3) - Assembled Permeameter

k) Method of work

1) Remove the chamber cap of the permeameter and put one porous stone in the base of

the chamber. Take mold measurements to compute the arca of the mold and void ratio

2) Use a scoop or funnel to pour the sand specimen into the chamber. Use a technique to
cnsure that the soil is placed in a uniform manner To determine sample weight, a pan
with sand is weighed. The desired sample is removed and the pan and sand is weighed

again. The difference in weights is the sample weight,

3) Place the upper porous stone on the specimen and the compression spring on the porous
stone. Then put the chamber cap and scaling gasket in place and secure it firmly with the

cap nuts. Measure and record the length of the spucimen
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4) Assemble the constant-head reservoir and adjust it to the desired height above the outlet af

the permeameter {o create the desired head Close the inlet valve to the permeameter Fill

the constani-head reservoir with deaired waler Deair the lines connected to the inlet val Vi

by vacuuming for approximately 15 minutes.

%) Open the outlet valve of the permeameter and close the valves to the piezometers (if

yaur perineameter device has the setup) Connect a vacuum pump to the outlet and  apply

a full vacuvm for 15 minutes to remove the ehtrapped air in the soil, Shut off the outlet

vilve, remove the vacuum pump, and open the inlet valve o saturate the specimen

Slowly open the valve to prevent liquefying the soil sample. Measure the height between

the outlet wbe and the water in the initial tube FESCrVOIT

&) Open the inlet and outlet valves When an equilibrium flow condition is cstablished.

place a graduated cvlinder to receive the outflow and start o timer. When a sufficient

quantity ol water is oblained in the graduated eylinder, remove it and stop the timer

7) Record the yuantity of water obtained and the time required obtaining it, Also record the
temperature of the water,

8} During the time that the water is being collected in the previous siep. the piezomelers

should be observed and a set of average readings (one for each piezometer) should be

recorded (if the device is equipped with this setup).

#) Change the height of the constant-head reservoir by at least 0| meters and repeat sleps 6)
and 7).

10) The cocfficient of Permeability (K) is calculated as following;

2303%a* ] 7]
K=" P EEr s R s s e e D)
A*¢ 'Ehz '

Whersa:

K = Permcability rate (m/sec)

“ = The area of the section of the tube {m : }
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!. = The height ofthe eylinder {m )
A = The area cvlinder (m )
I'= Time of taken the reading

= The initial length of water on t (cm)

hy The length of water after 1 5min on the Tube (¢m)

Figure (5.4) lalf Assembled Permeameter,

G7
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CHAPTER SIX
ANALYSIS AND DISCUSSION OF RESULTS

6.1 General

After finishing all field and experimental work and preparing the needed maps, the
morphometric  parameters and annual runoff were calculated for the Wadi Al-Zarzeer

watershed. The calculation was done through the map calculator using gnid data and ArcGis. 9

Spatial Analyst Extension

Gnd system divides the surface on which they are distributed into a matrix of identically

squared sized cells. Each cell s filled in with a aumber that stores the object’s attribute vahie

at that location.

There are many things that ArcGis 9 Spatial Analyst can do with grids. It can estimate values
for an entire surface from a limited number of moasured sample points. This process was used

to interpolate the infiltration measurement

Arc(is.? spatial analyst deals with a map as matrix, map algebra is math applied to grid. so it
i possible to add. subtract and multiply the maps because grids are geographically referenced
array of numbers By combining and analyzing the land use map with the hydrologic soil
group map, the morphometric parameters were derived, and the depth and volume of direct
runoft for Wadi Al-Zurzeer watershed in Hebron area were estimared. This chapter discusses

the results of the work.

6.2 Land Use and Land Cover

Ihe conventional land use\land cover map of the watershed was obtained by the land survey
technique using (GP'S), and digitized map from a rectified acrial photo for Wadi Al Zarzeer
watershed. Boundaries of different land use class were digitized in the (ArcGis.9), and the
sttribute where finked to them Three land useland cover classes ware catecorized in the

watershed (see Table (6.1) and Figure (6.1). The land use and land cover map for Wadi Al-

Zarzeer walershed is shown in Figure (6 2)
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Table (6.1): Classes of Land Use/Cover of the Study Area

Land Use Area [mm’} Percentage of Area % |
I Agricultural 350118 8 40 %
Builtup-land 31510.692 3.6%
Rangeland 403667 508 564 %o
B2 sUM B75297,434 100

Arma [mmid)

GOLG00

SEELOCC]

S (KD

200.000

Looan T

30,000

]

Apricultural - Builup

Bengelsnd

Figure (6.1): Classes of Land Use/Cover of the Study Area
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6.3 Soil Classification

According to laboralory soil testing results. the soil of Wadi Al-Zarzeer watershed can be
classilied into two types, well-graded clay, poor-clay, distributed at the watershed as shown in
Table (6.2) and Figure (6.3) Poorly graded clay has high infiiration rate compared 1o well-
graded clay. Soil classification map for Wadi
{65.4),

Al-Zarzeer watershed is presemed in Figure

Table (6.2): Classification of Soils in the Study Area

Soil elassification Area (mm’) Percentage of Area %
Poor- Clay 258264 703 6378 Y
Well- Clay 317032731 362205

SUM B75297,.434 100
— e e N
| |

Area jimma) ._ 5 | |
| 600000 f
| 450000 |

00060 |
| 150000

100000 | |
| 0 |
| Pour-Clay Well-Clay
B e .

Figure (6.3): Classification of Seil in the Study Area
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6.5 Morphometric Analysis

6.3.1 Introduction

Determining morphometric parameters in the past has been a tedious and time consumptive
process due to the effort needed in delineation of watersheds and caleulating the respective
watershed areas Hence, using GIS to make the analysis more rapid, as well as possibly more
accurate, has the potential (o make determination of these parameters a viable option in
walershed geomorphologic analysis. The GIS tool “HYDRO® add-on has the ahility to
determine locations of stream networks. delineate watersheds, and then apply GIS-hased
analysis using a digital clevalion model (DEM) as input. In delineating a watershed, in
addition to the DEM. the location of & watershed outlet is needed for determining the point
above which a watershed should be delineated. Stream order was determined for each sub-
watershed using GIS analysis, and these stream orders arc shown in Figure (6.5). Likewise,
the stream lengths wathin each su-bwatershed are calculated and drainage area Based on

these values, the watershed parameters are sunumarized in Table (6.5)

Strahler

Figure (.5): Stream Orders as Strahler Method
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lable (6.5) Morphometric Parameters estimated using the GIS Technigues

Morphometric Parameters Watersfied
Ares (Sq.m.) B75 297434
Perimeter (km) 4756.304702
Maximum length of walershed (Km) 17T25.5704
Maximum slevation (m) 803
Minimum Elevation {m) 710
VWatershed Relief (m) 193
Relief ratio 0112
Elongation Ratio 0.812
Average Slopa (kamikm) 0.112
Stream Characleristios {Strahlers Mumber of
stream ordaring system) Steams  Length m) aversge langth {m)
1% order streams 2163 101115633 4675
2" prder streams 692 4203 732 6 205
3™ arder streams 185 1447 868 8775
4" order streams a1 670.121 21.817
5" order streams & 214 544 35.758
“andZ™ | 2™ and3® 3T and 4™ | 4" and 5" order
proer oraoer orcar
Stream length relios
235 2.96 216 3z
*and2™ Z"and3” 3 and 4" 4" and 5" crder
Bifurcation Ratios oraer prder order
3.125 4,18 532 5.16
Drainage density (m’) 0.01812
Fam factor 0.294
Girculatory Ratio 0.6%97
Drainage frequency (m ) 0.0035
Ruggedness Number 3.898
I otal Length of streams of all ordars m 16737,.203
Time of concenlration {min) 48
Constant of channel maintenance 52294

In a study of stream orders in Wadi Al Zarzeer fbund that a drainage basin of 875297 m*
produced a fifth order stream The study also found pood agreement between Rb, Rt, when

comparing all ratios up to the sixth order

o
Fia
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6.5.2 Geomorphologic Parameters of Sub-Watershed

Morphometric parameters of the Sub-warersheds were caleulated in GIS environment and are
presented i Table (6.6) and Table (6.7), Atter analysis of the drainage map, it was found that

Sub-watershed is 9 Watershed and drainage pattern is dendrite.

The other important property, hifurcation ratio (Rb) reflecting geclogic and tectonic
characteristics of the watershed area was calculated for all nine sub-watersheds and are given
m Table (6.7) these values are more or less normal in the sub-watersheds 2 |7 as they range
between | and 3 (Hortn 1945), Higher value of (Rb) for a sub-watershed indicates high
nmoft, low recharge and mature topography and is expected in region of steeple dipping rock
strata where narrow valley is confined between the ridges .the vales of (Rb) also indicate that
the basin has suffercd less structural disturbances the variation in (Rb) values among the
draiage basins, are attributed to the difference in various slages of geomorphic development

and topographic variations

Table (6.6) Sub-watershed Wise Morphomeiric Parameters of Study Area

maximum Taolnl

W H?q:é:hm {:::Ema] P"T‘i;f“r E!u-:EE?Inn Flt;: %Il:iun ‘,I:" ;E:'I:h[f d .rE_EE:: E:}::E 5T:e: l'{l
: ' () (m)
| 97044 14143 195 i} 206,75 [18 37303 462
2 129]20 14392 253 et a2Te | G 23716 284
3 B23dd 11460 K 196 4005 .6 [94 4973, | 379
4 35835 10604 458 254 350,17 194 2566.26 245
3 hTR3T 1286 583 39 S00.62 194 31105 285
3] 0331 I5742 G683 439 352.04 194 2646.4 154
7 100177 [1723 Tl 586 AOD 34 194 1606.6 287
8 2232 3RS KT8 6E4 450.6 144 32100 353
9 17383 11578 43 781 408 4 122 6067 3 483
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Table (6.7) Sub-watershed Computed Morphometric Purameters of Study Aren

| B il T T
Sub- . 1e S
Watershed Rk Br | mn Re R e | DF | Dd | om| ¥
NO. Re oo
mir
: = -]
- | | : -~ . ,
I 018k 68 | 2124 | 77 | 017 | 038 | A1 15| 002 | s56| 67 | 233
i | | i i e ey S
. | :
2 | 015 | 67 [[3492 | 99 [l 048 | 0.33 313 | og || oo | 556 7.1 | 30,9 l
: : : —— : —
3 | 024 2.4 11.64 | 196 | 008 | 0501 | 219 || 17 006 67 a3 | 478
!| 3 0.27 u ] 18 62 I 294 || 0079 | 0455 || 302 | 09 | vl |04 | 36 ‘ 55 4
.| 5 19 || 175 94 (391 | 007 | 027 | 532 | 15| oo 0 || 55 || 388 |
L | ==l] N2l 2ol 8
|| 6 0.1% 6 1 9.7 lqsyi (.06 1 029 | a75 | o7 | 005 || 20 | 61 | 346
—_— | —— T I — —— ——— —
7 | 0,16 .18 | 1280 | sHG | 015 | 027 | 252 | n& || o068 131l ev | 327
I : . ' el F ot s
3 .21 11001 3492 | 8% | oUm e | 512 L3 0EE (| 5500 438 L-u.:
ey — :I T _| T
g .19 g1 268+ || 781 || 0085 | 031 | 434 jﬂ 0.22 455 &5 | 226

In general. the shape of a basin affects stream [low hydrographs and peak uws the impartant
parameters that describe the shape of the basin viz., form factor, circulator ratio and
elongation ratio were computer for all the 6 sub watershads (6 7) High value of (R¢) indicator
malure ko old stage topography it is also indicator of low drainage From the watershed.
Aceording to elongation ratio (Re), sub-watershed 9 has circalar shape and 1,2 and 3 have
less elongation and 7,8 and 9 have an elongation shape (fig (6.7 )) Higher value of Re for sub-
watershed 9 indicates mature to old stage topography. More the value of form factor (RD).
more elongated is the basin. In this case, elongated basin with low (Rf) indicates that the
basin will have a flawter peak of flow for longer duration Flood flows of such clongated
basins are easier to mange than from the circular basin, Time of concentralion (tc), Relief
ratio (Rh) and relative relief (Rr) values for all the sub-watersheds are given in (Table (6.7)

The sub-watershed. with high (Rr) and (Rh) are considered critical from erosion point of view

and should be provide with suitable soil and water conservation measure.
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The ruggedness number (Rn) ranges from 2,125 to 128.04 for dillerent sub-watershed The
sub-watershed 8 has an over all high roughness or unevenness Drainage density (Dd) and
Derange frequency (Df) are computed for all the sub-watersheds and are given in Table (6.7)
it was observed that the sub-watersheds having large arce under dense forest have low
drainage frequency (Df) and the area having more agricultural land have high (Df) high value
af (Df) in the sub watcrshed 9produces more runoff compared to others .in peneral it has
been been  Observed over a wide range of geologic and clmatic types, that low (Dd) 15
more likely to occur in regions of highly permeable subsoil material under dense vegetative
cover. and where relief is low . m contrast, high (Dd) 15 favored in regions of weak or
Impermeable subsurtice materials, sparse vegetation and mountainous reclief , hence in the
Present study, in order to find out the correlation of (Dd) with Land use/cover, and soil,

spatial distribution of land use/cover and soil was studied

The major land use categnry tound in the study area is agriculture; it is also observed that row
crops are cultivated on a poor contoured land. Low (Dd) value for sub-watershed indicates
that it has highly resistant. impermeable subsoil material with dens vegetated cover and low
relief. It is obvious [rom the land use inlormation that the area under dense forest that relief is
0.19m,

Ihe sub-walersheds with high values of (Dd) indicate well-developed netwark, which is
conducive for guick disposal of munoll resulling in intense fvods and also characterized by a
remion of weak =ubsurface materials, high relief and sparse vegetation Thus. the study of
various factors which control drainage density, such as sub svil material. vegetative covers
relief etc. For the study area, show that the results are consistent with (Dd) measurements
made in a similar terrain. Constant of channel maintenance was also computed for all the sub-
watersheds (Table (6.7) This factor depends upon not only the rock type and permeability,
climatic regime, vegetation cover and reliel, but, also on the duration of erosion and climatic
mistory. In general, this constant will be extremely low in areas of close dissection. Additional
surface water resoutces can be developed by constructing different water harvesting structures
under different land use/cover units and also by increasing the storage capacity of existing
major lanks within the watershed area to facilitate the phase wise implementation by the state
Government™WGO all the sub-watcrsheds are prioritized into four catepories based on

percentage of cultivated area and (IDd) of each sub-watershed (Durbude et al.. 2001).
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CHAPTER 6

Figure (6.6): Sub-watersheds Map for Wadi Al-Zareeer und its Stream Network
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6.6 Estimation of Surface Runoff
6.6.1 Introduction

The surface runoff in the West Bank, which ocours on the dry riverbeds in winter afler heavy
rainfall, i1s sporadic. The rainfall intensity, duration of the rainfzll storm, land use, soils:

elevation, surface slope and Lhe shape of the catchment are the deciding factors

The non existence of surliace water bodies n the study area limits the runofT to the overland
flow, therefore, whenever the term runoff is used it referrers to the surface runoff (Qannam,

2003),

The measurements of the runoff in the West Bank are very rare and the majority of the
available data is only estimations, e g 7-14 % of the annual rainfall (Rofe and Raffety, 1963),
and 5 % (Gvirtzman, 1994) Wadi Al-Zarzeer watershed (study area) is not gauged; therefore,

Lo estimate the surface runoft for this watershed the Rational method were applied

In rational method the basic parameters to be calculated is the runoff coefficient (C) and
rainfall intensity (i). The value of C depends mainly en the permeability of the soil and land
use and land cover, while the value of (i) depends on the time of concentration. The results ol
these parameters for Wadi Al-Zarzeer watershed are described below, and the values of
runoff coefficients and rainfall intensity are calculated and used for estimating the runoll’

depth and yolume for the study area.

6.6.2 Rainfall data

Although the average annual rainfall recorded at Dura Meteorological Station for the period
2000 2007 13 500 mm, there are considerable variations in the quantity of the annual ranfall
from year to year. The maximum recorded annual rainfall was 6453 mm in 2002/2003

season, while the minimum was 287.8 mm in 2006/2007 season as shown in Figure (6.6)

B0
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Figure (6.7): The Annual Rainfall Variation at the Dura Meteorological Station during

the Period (2000 — 2006)

Generally, the wet season in the area of Wadi Al-Zarzeer stretch over eight months (October
to May) But most of the rain falls during the period (November te April). About two thirds of

the rainfall amount falls between December and February as shown in Figure (6.7).

@ Ramnfatl {mm)

Sep Ol Wov Dec Jan Feh Mar Apr May Jun
Monih

Figure (6.8): The Average Monthly Rainfall Recorded at the Dura Meteorological

Station during the Period (2000 — 2006)
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6.6.3 Rainfall and runofT analysis

To calculate the surface runoff depth, the rational method is applying using equation (3.5), In
this method, the drainage area is divided into a number of sub arcas and the time of
concentration of dillerent sub areas, were caleulated using equation (1.10). These equation
depends on the value of the maximum length of watershed (£ ) and watershed Slop (&),
After that the value of rainfall mtensity was determined ffom Multy Curve Intensity Figure
(6.9).

Figure (6.9): Multy Curve Intensity

Rainfall Intensity

| | —a—Tumieal | 1= 250 94] :n”-'l']|
| | —=—Hekron | i =78 FLLE s |

—— Rz | 1= 57T 34004 e o |

|_—-— Teddah| i =47 BRLYSIT]

Intensity (mumhr)

0 15 30 &5 b8 75 G0 149 ‘12 B 15 48 1k 13 |
| F DS B o5 p o8

Time {min)

|

The calculated values of runofl’ coefficient (€ ) for sub-watershed are presented in Tahle
(6.8).
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Table (6.8): Caleulations of the of Runoff Coefficient

Sub-Watcrshed No.  Area (m”) C A
i rud4 0.4 01776
2 12913 L4 F1651.6
3 a20dd 05 41272
4 53835 03 27927.5
5 67827 0.5 139135
h a0321 04 3h128.4
fi 100177 5 300833
B GR222 4 27208 R
4 77385 0.4 30954
Calculations

e Intensity valueis ! = 53mm IR _for the Multy Curve Intensity Figure (6.9}

Z(.‘A = ,
+ |hen IR0 09 m

O =i Z{?A = 3
. $37338406.9 =17935.5057 M~/ A

179355037
437648 717

The presents of the flond Mow in these watershed is = 100 = 4.2%




CHAPTER 6 ANALYSIS AND DISCUSSION OF RESULTS

6.6,4 Water balance in Wadi AL-Zarceer watershed

The final result in this study determine the water balance parameters of Wadi Al-Zarzeer
watershed in Dura area whereas the precipitation (500 mmy/year) is the main input parameter
in the water balance and the measured average Permeability is (84 mm/year), estimated runoft
(68 mmiyear) and calculared cvaporation (392 mmfyear) are the major output parameters. The

tesults of water budget in the study area are shown in Figure (6.10),

@ Evaporation |

D]’E‘Imﬂabi|il}'| |
|0 Runoft _

Figure (6.10): Water Balance of Wadi Al-Zarzeer Watershed
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In this project an attempt is made to study the morphological features of Wadi Al Zarzeer
watershed in Hebron area of the West Bank. The morphological parameters are important in
understanding the hydrology of the watershed. Runoft response of the watershed is different
for different slopes, shapes, letigths, widths and arcas ol watcrshed Response 15 also allected
by the factors like drainage density, length of vverland flow. stream frequency, relative relief

and reliel ratios.

Computation of watershed morphological characteristics is prerequisite to further detailed
hydrological analysis of the watershed, Hydrologists have attempted to relate the hydrologic
response of watersheds to watershed morphologic characteristics. In the past, these
characieristics are determined manually from the topographic and stream nelwork map of the
watershed  T'echnologies like Geographic Information Systems (GIS), have gamed significant
imporiance over the last decade in their applications pertaining to distributed hydrologic
modeling. GIS is suitable for analysis of spatially referenced data. GIS can handle hoth spatial

and & spatial datz effectively and efficicntly

Many methods can be used 1o determine the nmoiY from watershed  The rational method is a
simple, widely use and cfficient method For determining the amount of runoff from # raintall
even m a parlicular arca. In the present study, the method was also used 10 estimate the direct
surface unoff from Wadi Al Zarzeer watershed and with the help of Geographical

Information System (GIS). The main conclusians drawn [rom the present study are:

) Since there were no runoff observations available [rom this watershed. the results could not

be compared with the measured valucs.

2) Three land uselland cover classes were categorized in Wadi Al Zarzoe watershed (See

Figure 6.2), namely: agricultural, Built-up and Rangeland,
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3) The experimental results of the soil classification show that the soll of Wadi Al Zarzeer
witershed can be classified into Tow types; well graded Clay, and poorly-clay, distributed at

the watershed as shown in Figure (6 4),

4) The results of sail classification, and land use and marphometric parameters were used to
find the surface runott for Wadi Al Zarzeer watershed, The direct runoffis estimated to be 4.2

% of the total annual rainfall

5) In the present project, the runoff is estimated for the project area using rational method.
This approach could be applied in other Palestinian watersheds for planning of various

CONsServations measures

6) Using GIS for morphological parameters watershed analysis is much more rapid than
tradilional methods. However, it is suggested that using GIS results in the loss of a certain
degree of accuracy in determining some watershed characteristics
a) It is expected that if the method were further refined. that the results should be as good,
if not better, than those obtained using traditional maps and methods.
b) Use of aerial photography coverage to betler calibrate the threshold values would be a

starting point for improving the method

I'here are many important points that can be recommended
1) This project is very important for Dura and Hebron cities fo solve the water shortage
problem. So i is recommended to build up a small dam in this watershed for collection of

water Tunoff

2) The results obtained can not compare to any measured values due to the absence of any
gauge measurements m this watershed. Setting-up water gauges in the watershed will help in
compare the results between the measured valued and the data obtained from The rational

method, and apply the same method in uther watersheds
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Soil Classification and Permeability Measurements
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A.1 Soil classification using sieve analvsis method:

o classify a sample of soil of (1000 gm ) sample # 14

[ = : " ; | |
SEve Himber ":r\vt. Retmlned Cu rrrmlﬂtrve Wi i
i in each sieve | retained on each Pass (gm) o Finer
O SIZ€ 1L mm .
| {gm{ sieve (gm) I
4 200,97 200.97 799 03 79 903
10 228 18 ' 42915 771 82 S711
20 231.159 660,309 . 788 841 34 0]
40 134 23 794,539 865 77 20.61
Bl #4 086 858 625 935.914 14 21
140 12,754 871379 087246 1301 |
200 T 20014 900 393 | 970986 10.11
Pan 99 607 1000 900 393 0.0

v Calculations:-
I- Cumulative wt. =wl+w2= 200 97 + 228 18 =420.15 Em. and so of.
2- Pass = w-(wl-w2) — 1000 — 200 97 = 799.03 gm.
3= %o Finer = w- ((wl+w2)iw)* 100 =100-{200.97/1 000Y* 100 = 79.903%.
4- From the grain size distribution curve below:

DI0=0.18, D30=0.70, D&0=2.3

3~ From the equations (6.1) and (6 2)-

23

Cu= —=1278
018

k 0.3¥

e ——{ ) =1 TR

(0.1BY(2.3)
6- From the lable (United Soil Classification System)-

Soil Type (well -cray)
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Unified Soil Classification System
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A.2 Permeability Analysis

Permeability is a soil property mdicating the ease with which water will flow

through the svil. Permeability depends on the following tactors:

1) The size of soil grains,

2) The properties of pore fluids.

3) The vond ratio of the soil,

4) The shapes and arrangement of pores

) The degree of saturation.

There are four laboratory methods typically used for measuring the permeability

coetficicnl

1) The variable-head (falling head test)
2) Constant head tcst
3) The capillary method

4) The back calculation from the consolidation test

Generally, soils which contain 10% or more particles passing the No. 200 sicve are
tested using the falling-hcad method. The constani-head method is limited to

disturbed granular soils containing not more than 10% passing the No,200 sieve.

[t is usually measured by the depth in (m) of the water layer that can be entered the
souls 10 one hour (mfhr). According of the equation (5.4) 1o calculate The coefficient

of Permeability (K) at 14 sites covering different land use types, are presented in

Table below.
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Table (6.3): Permeability rate ( K) Values of Grid Points

= I | Permeability
NO X-coordinate {m) ' X-coordinate (m) rate (K)
{m/sec)
[ 156782 103737 1.520%10 °
2 136532 103737 | 478 %10
1 156742 103487 7703 %10
1 136532 103487 1.28%10) 7
5 156282 102487 1722%10°*
S 156332 103237 1779710 °
=% 156252 103237 9524 %10°
§ 156032 103037 R546%10 " |
y 156282 102087 105510°
R 156032 102987 48%10° |
11 156032 102737 1,367%10°7
12 155782 102737 | 1366*10°
— 156032 102737 I 411*107
14 155742 102487 1352*10™"
I —

we can determine the type of suil by using the valye of k , Table(6.4) helow

Saul [ Cooff of Perm k. emisec | Degree of Permeabulity
Gravel g™ Verv lugh
Sandv zravel clsan 100 > k> 167 Hiph to Medimm

sand. fine samd

Sund. diry sand 10"~k 10" Loy

silty sund

St sty clay L0™ > k> 10 Vary Jow

Clay | 10~ Virtually mpermeabls

Q7
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¥ To computed Permeahility rate of 3 sample of soil
*  Hemght (L) -10.62 om
* Diameter (D) — 1016 om

Il': il ;
* Area(A) _% iy =m';b *r =B1L0T om’

* = 10%30 = 600 sec
= Diameter of pipe (d) — 0.26 cm

o’ 026"

* Areaof the pipe, @ = o ‘o 1 *x =0.0583 e’

¥" Permeability rate of 2 sample of so1l ; sample # 12

2303%0.0531*1062 94 4 § :
. SR *log—— - 1.367% 10 * (m/sec)
Bl 47600 3o

« K

Some typical values of the coelTicient of permeability in Table (6 4)

The soil of it sample #12 is Clay

08
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Review Data
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Schematic 2D Model Setup
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Values of Runeff Cocfficient (C) for Ra tional Formula

Land Use C Land Use C
Lawns:

Biitinia: Sandy soil, flat, 2% 0.05-0.10
: l-'cuwntcm-'n o Sandy :‘.u;l, avg. 2-70 | O 10-0.15
Neighbarkiaad 070-095  Sandy ml_l_ sieep, 7%5 015-020

&reash 0.50-0.70 Heavy sofl, tiat, 2% 013-0.17

; Heavy soil, ave., 2-7%  0.18-022
Heavy spil, steep, 7% 025 -0.35

Agricaltural lund:

Bare packed soil
*Smooth 030 -0a60

Residential: *Rough 020 -10.50
Single-lamily areas Cultivaited rows
Multi units, 030 -0.50  *Heavy soil, no crop 0.30 - 060

detached 0.40-0.60  *Tleavy soil, with crop = 0,20 - 0,50
Munti units, 0.60-0.75  *Sandy soil, no crop 0.20-0.40

attached 025-040  *Sandy soil, withcrop | 0.10-025
Suburban Pasture

*Heavy soil 0.15-0.45

“Sandy sail 0.05-0.25

Woodlands (.05 -025
X Slreets:

Indastrial: . : "
Light arcas 0.50-0.80  Asphaltic S
Hikior 6das 0.60 - 0.90 CL‘I:I'IIIFE[E 0.80 - 095

: Brick .70 - 0.85

Parks, cometeries 0.10-025 Unimproved areas 0.10 - .30

Playgrounds 0.20-03% Drives and walks D75 =085

Ratlroad vard areas 0.20-0.40 Roofs 0.75-095

“Note: The designer must usc judgement to select the appropriate "C"
value within the range Generally, larger arcas with permeable soils, flat
slopes and dense vegetation should have the lowest "C" values. Smaller
areas with dense soils, moderate to steep slopes, and sparse vegetation
should assigned the highest "C" values,
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