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ABSTRACT

SITE SELECTION OF ARAINWATER HARVESTING STRUCTURE IN AL
MUHAMMADI VALLEY IN ANBAR PROVINCE, IRAQ USING REMOTE
SENSING AND GIS TECHNIQUES
MohammedAbbasKhudhair

M.S., Civil Engineering Department
Supervisor: Assoc. Prof. Dr.Yakup Darama

Co-Supervisor: Assoc. PraDr. Khamis Naba Sayl

July202Q 49 Pages

Rainfall is a key source in diminishing the problem of water scarcity in arid and semi
arid regions. Rainwater harvesting is an essential twakinwater conservation. An
appropriate location for rainwater harvesting structure plays an important role in
increasing the water availability and improving the water resources planning. This
study aimgo select the suitabléocation for a rainwater harvesting structure using a
suitability model generated with ModelBuilder in ArcGIS. Six thematic layers, i.e. soil
structure, slope, drainage density, vegetation cover, distance to roads, and runoff
depth, are considered to fitlte proper site for the rainwater harvesting struciline.
method is applied to the Aluhammadi Valley of the ARnbar Province of Iraq.
Analysis of theresuls showedhat 12% represents the suitable zone of the total study
area, 42% represents medisumtable area, and 46% represents unsuitable areas to
implement the rainwater harvesting structure. This study finds that the GIS tool is
flexible, cost effective and time saving for screening large areas. The application of
this scheme should be includedany policy adoption for site selection for rainwater

harvesting.

Keywords: Remote sensing, GIS, Rainwater harvesfhd/luhammadi Valey
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CHAPTER 1

INTRODUCTION

1.1The importance of water harvesting

The scarcity of water resources in the western desert of Ithgpsimaryconcern

that limits the application of water managemamd plans [1]This has affected the
well-being of citizens, their productivity, healttind environment since rainfall is
considered a significant natural resource in dry and-sieynareas. The benefit of
collecting rainwater in these regions, where rain often falls during a few months of
the year, is of greater importance than its counterparteerhumid area Its
importance increases in areas where there are no less other sources, such as
groundwater or transported water, and this becomes the most feasible way to ensure
human and animal life [2ZThe water harvesting process is the key to beiterg
rainwater for domest and agricultural purposes, reducing the impact of drought

and using runoff water beneficially.

The selection of suitable sites fominwater harvesting (RWH) usindifferent
technologies in large areas tise biggest challenge [3]Locating site seleain
requires the gathering and extracting of different,datahydrology, soil, climate,
topography, agronoyn and socieeconomic [4] Different criteria and techniques
have been applied for choosing appropriate sites for rainwater harvesting ssructure
[5]. The darity in the decision making process for sitritherainwater harvesting
structure will become more and more vitdpecially in datéimited areas. GIS can
bring clarity to the decisions revolving around site selection for threvager
harwesting structure [6]7], [8], [9], [10] and [11]. GIS and geospatial data are
essentiakteps to maximize the availability of water ahe productivity of land

[12]. Many studies applied GIS and remote sensing data for siting a rainwater
harvesting structurg¢l13]. GIS and remote sensing have successfully targeted
locations for the rainwater harvesting structiuir4



This study focuses on identifying suitable locasiofor rainwater harvesting
structures using GIS and remote sensing data in the western desert of Iraq (Wadi
Al-Muhammadi).

1.2 Problem Statement

In arid areas, civilizatiorrelies mostlyon the availability of water. Water
availability in these areas isainly correlatedwith shortduration and high
intensity precipitationsBesides most precipitation eventgaceonly overashort
intervalin a year. The evaporatiaperation moreovey detriments conditions, as

it brings aboutthe loss of water resources.

The WesernDesert of Iraq is one of the regions classified as an arid region, which
is facing tremendous pressure to deliver and manage water resources. Water
availability in this region is considered assentiafactor that directly affects both
sociceconomic development and ecosystem health. Rainwater harvesting is one
way to overcome the problem of water availability via the collection and
conservation of this precious natural source and tihemsurecontinuous supply

throughout the year

Solil type is one of theritical information needed for any activity. Thorough and
comprehensive information dhe soil in both the spatial and temporal domains
can assist in sustainable hydrological, environmentald agricultural
development. Théydrological process, including surface runoff and infiltration,
dependhg on the type of soil. Therefore, soil typevgal in determining the
potential volume of surface runoff and for selecting the best locatiom fRk\&H
structure. Caventional soil sampling and laboratory analysis are generally time
consuming, costly, and limited in their ability to retrieve temporal and spatial
variability, especially in largscale areas. However, if no other contemporary
alternatives to the tradithal planning processes of RWH planning are explored, it
becomes impossible to find suitable solutions for development projects of such

resources in arid arefEs].

As is well known, traditional techniques for RWH start with identifyingrtbeds

and sding the goals to be planneBased on the identified needs and goals, RWH
planning will progress tthe phase of determining alternative and feasible sites.
Nevertheless, in developing countries, RWH planning is often hindered due to the

2



lack of necessarinformation. Fortunately, witladvance in modern technology
that haveenabled access to geospatial diihas become possible to improve the

RWH planning process instead of just relying on traditional approaches.

When these data are insufficient od@iv quality, decisiormaking related to the
planning of the RWH structure becomes difficult, especially wieia such as
field data,maps, aerial topography, and aerial imagémnich have been crucial

for RWH planning in the pasimight not be availablén developing countries.
However, with the availability of geospatial data and the promising potential of the
Geographic Information Syste@lS, the situation in developing countries has
changed for the better. These developments have significantlyedsgsties
related to the planning of RWH via facilitating data collection and reducing its cost
in comparison with traditional approaches. The majogaesh question problem

for this research jgherefore,"How can we effectively use the wealth of remote
sensing data available to create a more efficient and effective planning process for

rainwater harvesting in arid regioris?
Two minor research questions are derived from the major research question:

1- What are the valuable data for RWH quantifications dadrpng?
2- How do we arrange tools to convert and manipulate these data for the purpose

of RWH quantifications and planning for decision support in an arid region?

2.1. (ojectives of the Study

This studyaims to combine and apptyeteorological, hydrological and geological
data to generate more efficient and effective planning for RWH and decision
support systems. Thistudy emphasizes the use of a Geographic Information
System (GIS) to manage and successfully utilize remote gedata for RWH in
aridand semiarid regions with limited data. Thendamentabbjective is to prove

that the remote sensing data coupled with GIS are the miesttpad reasonably
costefficient methods or tools that can help in assessing potential RWH sites in the
Al-Mohammadivalley of the West Desert of Iraén addition,it aims toevaluate
rainwater harvesting possible and produce reasonableforapaterharvesting in

the AFMohammadi Valley in thél-Anbar Governorate of Irag.



CHAPTER 2

LITERATURE REVIEW

This chapter has four paytshich will be arranged as followklsage ofGIS in water
recourses, history of the rainwater harvestagystem ofrainwater harvestingand

similar research studies.

2.1GIS in Water Resources

Water resources managers around the world have atweadarge amountof
meteorological, hydrological and agronomyathese days. Witsuchdatg they can
manage and understand the world more eaBigueloping countries caput into
practice shrewd resource planning and management nowhaidvailability of these

data in which, itwas prevented by the unavailability of tHata requiredn earlier

years In this way, developing countries have started to think about correct water
resource planning and management as indispensable to exploiting natural resources in
these aread 6].

Thus, the GISs considered aressentialtool to use, interpte and transform this
information into a meaningful form. Due to its qualities, the GIS has especially become
an essential tool for water resource planning becagsalie seenbright, and easily
changeable. GIS has becomsignificanttool in understading and pondering the
eternal problems troubling water resource management around the world. GIS
technologies assist in the collection and organization of data to address these

difficulties and to understand their spatial relationships.

GIS canbe deined as'a tool for planning development and environmental control as
well as an instrument of decision support. On the one hand, it consists of a geo
referenced database; on the other hand, it involves techniques for data acquisition,
actualization, proasing, and visualization of results. The semantic data are
geometrically related to a homogenous -geferenced coordinate system, allowing

controlled interrelation ofnformation [17.



Lucidity during the process of decisiomaking has become increasingly vital for all
nations as far as water resources are concerned, espicaily regions. As a result
of this, more efficient andictive rainwater harvesting planning is essential.
developing countries, theeas lacking the availablaetrological, hydrological and
geological dataneedtools and plandiat use available remote sensttzga to support

the decisioamaking process of managing water resources.

GIS can shed light othe decision process for water resources by allowing for
improved database organization and storage. The collection of multiple base maps and
extraction of data such as terrain slope, land cover/land use, drainage networks, and
channels are required fouslies on water resources. Developing this data can be both
time and labor consuming, as it involves aerial photographs and paper maps,
particularly when th@éopographicmap must be obtained from different sources at
various scales. Therefore, the use db@fould enhance the development of this data,
making it less time consuming and more amenable to thg18eBase mapneans
considered maps resulting from some criteria taken in the process of rainwater

harvesting, such as runoff map, slope and laoder

2.2 History of the Rainwater Harvesting

Due to its accessibility ahthe need for water to livéhe RWH system has been used
for many years. Although, formerly, RWH was used to gather water for different
reasons such as livestock watering, humse and agriculture, most research has

concentrated only on its agricultural use.

For thousands of years, a plethora of ancient and indigenous water harvesting systems
have been established in many countries around the wewxd Jordan, Syria,
Palestine, Iraq, Tunisia, Saudi Arabia, China, Mexico, Yemen[HE. The RWH
structure in Jordan is said to have been set up over 9000 years ago in the Southern
Jordanian Edom Mountains. Although the appearance of the rainwatestag

system changes greatly in different places around the world, their goal is to create an
optimum process to gather the small amount of rainfall each year to stay alive.

Finally, RWH came to be not only a source of water, but also a practical method
increasing the yield of agricultural lands. Since the 1960s, researchers have researched
all areas of RWH for agriculture. Former studies triedriderstand the different kinds

5



of RWH and the amount of water balance related to this {@pic All these studies

show that evaporation, surface storage and infiltration in the collection area are the
important factors in the design of a RWH system. Many researchers have used
different methods to increase the capability of the collection area to produdé run
These methods include vegetation management, rock removal, compaction and surface
treatment{21]. Recently, the economic efficacy of RWH projects has been thought
about for agriculturg22]. To select fitting sites and techniques for RWH in a small
area, field surveys are the best and most widespread methods. Surveys and analyses
for carrying out the essential work for RWH could be expensive when there is a large
area. The site selection for RWH in any atbareforepresents us with significart
challenge[23].

Since 1980, the RWH scheme has received renewed interest. Advances in computing
knowledge, the Geographic Imfoation System and remote sergshave increased

the capability of using modern techniques to identify possible sites for rainwater
harvest. This has led to an abundance of reports on RWH site selection using different

criteria.

2.3 System of Rainwater Harvesting

The rainwater harvesting system is controlled by the reservoir in which the runoff is
generated and the usage area or receiving area, which is the area where the runoff

collected[24]. Rainwater harvesting can be grouped into two classes:

1- Micro-catchment: rainfall is retained where it falls, and water collected in the field
is immediately used. The layout of this system consists of small semicircular pits,
semicircular bunds, strip catchment, meskgie systems, and contour bunds
[25]. The area of iaro-catchment is less thar®00m? [26].

2- Macro catchment: a macmatchment area system ranges from 0.1 hectares to
several thousand hectares. The ma@atwhment may be found near or away from
the area to be usd@5]. This system is put into action lgtermediary water
storage outside the area to be used. The slope of the-gachmment area ranges
from 5 to 50%. This system needs a place for storage and infrastructure for
transport such as a natural stream, chanoelgullies for transport to transform

the water storage in the area to be y2&§



The two reservoirs shown above are suitable for arid and-adinregions where
rainfall is sporadid20]. Rainwater collection could bsignificartly increased by
apgying specific systems such as macro rainwater harvestiig.2.1 shows the

component®f an RWH structureand the relationship between the Runoff and RWH.

RWH SYSTEMS

In-situ Water Conservation Runoftbased Systems
(Tillage and cultural) (Catchment and/or storage
practices)
Direct Application Systems Storage Systems (Distinct
—> (Runoff diversion into storage structures for
cropland where soil profile supplemental irrigation and
- i i other uses)
Small Catchment Systems
Micro-Catchment Systems (Runoff generated from Macro-Catchment Systems
(Wlthln field/internal small external catchments (FIOOd diversion and
catchments systems) and diverted to spreading spat irrigation)

cropland/pasture)

Figurer 2.2components ofraRWH structure



2.4 Similar Research studies

In this part of the chaptestudies similato the present studyut differfrom the present

study in terms of locations and methods are

The strategy for water harvesting in arid environments was developed in Western Asia
and North Africa. This study focuseah thelimited resources to improve agricultural
prodiction through water productidn arid and semarid regions. Most rainwater is

lost due to evaporation in dry enviroents, soainwater harvesting very low. The
improvement of the agricultural sector in these areas depends on the concentration of
rainwater through suré runoff of cropsBesidesthe study found that more thadob

of the lost water can be stored matnimal cost. The problem ofhe drought was
revealedin the central Rift Valley in Ethiopia. The study used a suitable model of
geographic information systes to create appropriate magsnbining various factors

by ewaluating multiple criteria (MCE). Small watersheds were used to identifg area

suitable for collecting water &.

A studywas carried outising free available remoterseng and GIS products to find
rainwater harvesting sites on Ungulgéand, the main island of Zanzibar (Tanzania).
Micro and macro watersheds were used to map the suitability of rainwater harvesting
and to identify severgbotential collectiorsites by combining remote sensing data,
GIS, hydrological modeling, and an dytecal hierarchy process ugj multiple criteria

assessmen()]

Some tests havalreadybeen done on the effect of total watersheds on agricultural
production in the ChomMakania catchment in the Panjani Basin in Tanzania. They
stated that the esofextrarunoffwater in the dry period had increased yield production

by more than 120% compared to crops that received only rainwater. Weerasinghe et
al. (2011) developed a spatial analysis model called Geographical Water Management
Capabilities (GWMP) to detmine suitable locations for a waserpply management
application. A pssible model for managing geographical wateas maddn two
different areas of study: the Nile catchments (Egypt) and the Sao Francisco catchment
(Brazil), which has different geogphic locations and climatic conditis. Form
results were checkedgainst field data. The correlation between current regional
reservoir sites and dams was found to be 83% using the potentialageo

management modg29]



In the basalt aquifer /Azraapsin NE of Jordan, 72 suitable places&constructed to
harvest water by using Buffering, Unicand arithmé&c operation in GIS to analyses

the data based on different seeimnomic and physical criteri@()].

In northernJordan by using GlSweighted linear combination arigbolean échniques
were used to findhe mostsuitable site to harvest water. The resultsen®b% of the

area of study hadlagh possibilityof establishing water harvesting1].

One hundred eighteesuitable locations for wateharvesting in the arid regiong
Badia) of the Jordan Valley were identified using geographic information systems and
prior knowledge where 200 researchers wamesulted from the local communities,
where they provided advice ameaperti® about the mosiportant possibilities for
establishing water harvesting basins through their experience in managing water
resources in the dry areas in which they live. This study also relied oncsooia
physical parameters for water harvesting. These criteriadacklope, prepitation

sizes, soil texture ahdistance to water (valleys)Z3

Using the theory ofhe unit hydrograph, the volumd barvest water was calculated
and throughrecurrenceand statistical analysis, the maximum harvest water was
determinedor the return period (5, 10, 3&arg. With the Geographic Information
System (GIS)severalmaps hae been prepared for the béstrvest water aeethat

can be used to desi@yriculture and irrigation projexin the Iragi Western Desert.
The study inlicates that there is a potential possibilityuse harvest water in the
Western Iragdesert, especially in ¢uiran and Ghafaf Wad, due hagh rainfall and

low losses 33]

Using the Geographical Information System (GIS) and the Multiple Standards
Assessment (MCE) as decision support tools to choose the most suitable location for
rainwaterharvesting in the Houran Valleyelection criteria are determined in terms

of both quéty and quantity and are based on regional analysis using geospatial data
and hydrological and climatic informatidreely available Qualitative standards mean

the identification of suitable valleys based on a visual interpretation of satellite
imagery.Other qualitative selection criteria relate to distance from settlements and
infrastructure. Quantitativeapproachesare expressed in terms afdexes that
synthesie the effectiveness and feasibility of possible interventions: evaporation

index(d); calcdated as a benefiddst ratio (c) in terms of volume of water that can be



stored against theize of the den; hydrological index (¥), based on m@alysis of
watersheds contributing to each site; ability (s) of soil water retention, estimated from
analyzingvegetation patterns using satellite indicators. The methodology applied in
the Houran Valley in western Iraqg allowed the allocation of 53 sites, of which only 32
had passed the proposed selection criteria. The 32 sites are ranked according to the
highest score. The results helped to organize subsequent field surveys, thus

significartly reducing survey time and cds].

Depending on available data to decide the amount of runoff that can be harvested, a
new hydrological study was conducted to meaturdata of a meteorological station

in the region using a hydrograph for analysisr the period 1971976, the study
showed wadi AlGhadai was the best region for water harvesting according to the
number of floods in the catchment area (44ds) withwater volume (1047*1061°),

and average water harvest (7098.64km?). Next is wadi Horan, where the number
of floods in the catchment area sv83 with water volume (2033.2906 n?¥), and
average water harvesting (6115.18km?). Then, WadlUbyaid, wherehe number of
floods in the catchment area waswith water volume (405.19706 n¥), and average
water harvest (2493.52%km?). The last one is wadi Tubul where the number of
floods in the catchment area wi&with water volume (909.3@96 n¥), and aveage
water harvest (2231.63%km?) [35]
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CHAPTER 3

METHODOLOGY

In this chapterthe methodology of the study is presentedhreeparts In the first
part the stidy area is described in detdllhe second part is relaténl hydrological
modeling and appli¢geon of hydrological model Ar&IS for the calculating of the
considered criteria of the study area. Thaterial and rathodsand applied criteria
with their resultswill be taken in the third part.

3.1Study Area
3.11 Al- Anbar

Al-Anbar Governorate is an Iragi governorate located in western Iraq. It is one of the
largest Iragi provinces, with an areaooie third (1/3) of the total arealofq. It covers

an area 0fL38,500 square kilometers and has a totaujadn of one million and
600,000 peopleaccording to the census of January 12, 2@1¢ bordered to the north

by Salah EIDin and Nineveh governorates, the Syrian Arab Republic to the northwest,
Jordan to the west, and Baghdad Governorate to thdtaasiounded on the south by

the Kingdom of Saudi Arabia and the southeast by Karbala and Najaf goverkigates
3.1
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3.1.2 Al Muhammadi Valley

Al-Muhammadivalley basin is administratively located within Heat district of Anbar
Provincewith the coordinate of 3 8 a 1 P46 gt 46 ¢ ON fla7t iof uddle da
to 324 7seweny Idhgitude as shown iRig.3.2 This area was selectbécause of

the current orientatioof Al Anbar Governorate to harvest raater in the desert that
extends to this regiolor rainwater harvesting and the possibility of investment in the
future. AFMuhammadi valley is located to the west of the EuphrRiesr. It is
bordered to the north by the -Blaghdadi Valley, to the northwest by the Houran
Valley, to the west by the Amij Valley, and the south and southwest by Gadaf valley.
Accordingly, it is located in the northern Badia plateau within the lowéeysabf the
natural divisions of this plateau. Muhammadi valley stretches long from southwest
to norteast. The total length of thd-Muhammadi valley is 7117 km; éhbasin area

of theValleyis 5332km? andthe number of the streaim the basin is 13238

The climate of the study area is characterized by its-aehiclimate, low rainfall

and thehigh contrast between night and daytime temperatures and low humidity. In
summer , the temperature riocsexUQG.o TBReUCwi m
northwesterly and southwesterly, sometimes with a top speed of 21 m/s. The average
annual rainfall in winter i95-115 mm, which approximately 49% falls in winter; the
averageannual evaporation is 3200 mithe highest and lowest eldians are 1552

m and 571m, respectively above sea levéi. this studythe average rainfa(P) for

years 20132019 is 110 mm.
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3.2. Geographic Information Systems

These are tools for collecting, entering, processing, analyzing, displayang
producing geographic and descriptive information for specific purposes. The
significantbenefit of applying geographic information systems in the water field lies
in that it enable workers in the water field (hydrogeological, hydraulic, trade, law) to
link geographic information such as water basins with gragéiailssuch as rain,
water level rise and usthis information togetheto conduct analyzes to benefit
Including in buibing dams and reservoirs. It also helps in studying the state of
groundwater, o®r pumping, seawater intrusiomnd the impact of population

gatherings on water. There are many programs that integrate with GIS

In this study, six criteria were taken foethainwater harvesting by Gl&hichis: soil
structure, slope, dmaage density, vegetation covelistanceto roads and runoff
depth Raster androod and Agriculture OrganizatidirAO) Map of the Anbar city

used to extract the criteria maps of the study area, as shduwg 33

In the first step, Raster is used to extrthet stream order map by the stream order
commend. After that, the basin catchment area is calculated bywemtensler in GIS

by selecting the outlet point of the basin. Slope map is extracted by slope order in GIS;
drainage density is calculated by fishnet order for dividing thel o squares. By

Buffer order, the left and righdistance to the roads ¢slculted according to3p],

[37] and 38].

In the second stefhe FAO map is used to extract the hydrological soil group and the
soil texture by Extract by Mask order. By the hydrological soil group, soil texnde
applied Eruptions 4.2a runoff depth mapis extracted. As for the Normalized

Difference Vegetationnidex(NDVI) map is calculated by Equation 3% GIS.

Finally, all maps are combined and giveachplan a classification and weight
according to 36], [37] and [38] by Overly Weight order in GISthe results of the
combining operation is the seledssite for the rainwater harvesting RWH.

15



3.3 Material and Methods

Data used for this study are divided into three major classessatellite images,
metrological dataand soil characteristicSatellite images consist of Landsat image 8
2019 and Shuttle Radar Topographic Mission (SRTM), provided by the United State
Geological Survey (USGS). Daily and mbiyt precipitation datdetween2013and
2019 are also used. The geeference ofthe satellte image is WGS4 datum
projected zone 38. The soil data are categocoederninghe FAO global map.

Locating suitable sites for rainwater harvesting is a rfiattiors problem and multi
objective. The primary and secondary data of remote sensingis&tdo prepare the
themaic input database using ArcGl&our significant steps adopted in this study

were given as follows:

1- Selection of criteria

2- Suitability level assessment of the criteria for rainwater harvesting.

3

Assignment of weights to thesateria

4

Generate maps using GIS tools.

The flowchart describiopthese steps is given in Bg3

16



FAO map Roasters
J ,
Arc-GIS operation
Flow direction
Stream orders
Watershed
1 Run off map 1 Slope map
1 Soil texture map 91 Drainage density
1 NDVI map 1 Distance to Road

Overly weight operation

Selecting Rainwatedtarvesting site

Figure3.3 Flowchart fortherainwater harvesting by GIS
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After the rainwater harvesting operation and selecting the suitable site, small dams or
medium dams must be built to store this water that will be colleStéklin this study,
the construction and determination of the dimensadfmrriess are notncluded;it is

limited for selecting the suitable site.
3.3.1SelectionCriteria

According to sixfactors listed by Food and Agricultural Organization (FAS.
(Hydrology, climate, topography, soils, socioeconomamd agronomy) which
mentioned by FAQ3], six of these criteria were used based on the literature review,
natural of the study area, expert judgment. These criteria were adopted to determine
the most suitable place farainwater harvesting using the ArcGIS Software includes:
runoff, slope, sibtexture, vegetation cover, land cover, drainage density, and distance

to the roads.

3.3.1.1 Runoff

Rainfall is the major component in any water harvesting systems. More rairdaly
particular area means higher possibilities of harvesting partQritace runoff in arid

and semiarid environments is one of the masitical water resources and sources of
water for rivers, lakes, and streantisis also considered one of th&st enormous
weights in the criteria taken in rainwatéarvesting[39]. The integration of
hydrological soil map and land use land cover was used to generate the curve number
map. The runoff depth was calculated by the following fornd0é:

/////////

Q =[—¢ééeeeéeéeééé 3.1

///////////

la =0.2S éééeeeeceececee. . 3.2
Where

A is the depth of runoff in mm

P is the depth of rainfall in mm

S is the potential maximum retention depth after runoff starts in mm, and la is the

initial abstraction in mni41].

And S is defined by Equation 3.3 in terms of Curve Number (@N)
18
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The composite Curve Number CN is defined by Equation 3.4

=

z z z z z E ., ., .
# . = = e éeé. 3.4

In which,6 /8 & are thearea of each type of soil coyemdd 0é 6 () arethe

curvenumber of each type of soil cover.

The Soil Conservationedvice (SCS) model relies on tRenoff Curve Number (CN).

CN is a number whose value ranges betwed®@ which expresses the water
response of the components of a basin between high and low permeability. The more
benefis go towards 1QQ@he surface of the basin is of low permeability. When values
get close to zero, the basin surfaces will become highly gasnto water.These
valuesare extracted from the classification of the basin by four types of soils, which
are divided according thespeed at which water moves through it (D, C, BwAjich

are called(Hydrological soil group). Each type has itsacacteristics (D, A) two
extreme cases (A) flow and values) C and B) two medium statedeavidentsurface

flow, (D) very high suface flow, according to Table 3.1

Table 3.1 Hydrological Soil (Bup [£]

Class soil Flow depth Soil type
A Few A deep sad layer with very little clay and silt
B Medium Sand layer, the lowest depth of class A with

average leaching rate

C Above medium  Clay layer, limited depth with an average
leaching rate or a rocky layer covered with

layer of soil.

D High A thick clay layer, covered with a shallow
layer of fine silt or a bare rocky layer
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3.3.1.1.1Calculation of CN Value

Depending on the FAO global map, the results of the hydrological group of the study
area appeared as containing thrgees of soilsas shown in Fig3.3. One of the
requirements of the SCS method for estimating the volume of flow is to divide the soil
of the study area into three typesid adt is shown in Table 3.1 and it is called the
hydrological group of the soil.
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Figure 34 Hydrological Soil Map of the Study Area

Those soil groups in the study area can be explained as

1- Soil Class B: This soil consists of rough tissue to medium roughness and has
medium depthandthe permeability ranges from medium to good and extends in
theform of a narrow strip. As for its area, it represents 4052.32dfrthe basin
and 76% of the total basarea

2- Soil Class C: represents the soil mixture consisting of silt and has a permeability

ranging from weak to gooddnd its color tends to be frompale brown to dark
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brown, occupying the southeast, near the downstream point of the study area with
an area of 693.16 kinwhich constitutes 13% of the total area of the basin

3- Soil Class D: Considered one of the messentiakategories of the study area
because it is responsible for the emergence of most surface runoff of the study area.
It occupies an area of 586 krand a rate of 11% of the total area of the basin,

which is the least able to absorb water and spread irottteenn half of the basin.

They wereconsidered faralculating of Curve number relied dne classification of
land cover and determination of soil quality &&son an interest formula Soil
ConservatiorService(SCS). The CN curve number tables of thelgtarea basin are
according to the natural characteristiof the basin. From Fi§.4, three types of
hydrological soil maps showinglley basin cover were distinguishebable3.2, also
describes land cover of the hydrological soil groups definetaiasland and grass,
barren soil, and water and moist séit shavn in Fig3.5, there are fourones in the

basin of thevalley which have different land cover type

Table 3.2 Land cover arabrresponding Hydrological soil grof4h2]

Hydrological Soil Group
Land cover A B C D
Farmland and 72 81 88 91
grass
Barren soil 77 86 91 94
Water and moist 100 100 100 100
soil
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Figure 3.6Zones of the study area by GIS

Because there are more than one @milers in each area of the basin, it is necessary
to calculatelte CN composite for each zone[4By GIS, areas are calculated for each
regionand also areas of the land cover for each zongaed in Tables 3.3 and 3.4
Using Equation 3.4CN composite valuefr each zone of the basameextracted as
shown in Fig3.6.According to the FAO map, the basin has four zones, as shown in
Fig 3.4; there are three classes of hydrological soil in four zones
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Table 3.4 Curve number for zones, according to land cover for each zone

Table 3.3the area for each zone

Zone Area Area %
1 586.52 11%
2 693.16 13%
3 2292.76 43%
4 1759.56 33%

Total 5332 100%

Zone 1 Barren soil Farmland and| Water and Total
Grass moistsoil

Area 404.69 117.304 64.51 586,052
Area% 69% 20% 11% 100%

CN 94 91 100 -
Zone 2

Area 346. 242. 6 103. 9 693.1
Area % 50 % 35% 14. 5% 100%

CN 91 88 100 -
Zone 3

Area 1100.52 573.19 619.04 2292.76
Area % 48% 25% 27% 100%

CN 86 81 100 -
Zone 4

Area 967.76 439.89 351.91 1759.56
Area % 55% 20% 25% 100%

CN 86 81 100 -
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3.3.1.1.2 Calculation of Maximum Potential Retention after Runoff Starts

It is the maximum possibility to retain water in the soil or to trap water in the soil after
starting of the surface runoff. It is a parameter that describes the condition of saturated
soil after thedrainageand thdnfiltration process. The thicknesstbke watersaturated

layer varies depending on the type of soil and the extent of its ability to absorb more
water during the rain wave. Therefore, the coefficient (S) is related tonithef soil

and the land cover, which is reflected in the values ef dirve number. The
coefficient (S) is calculated Hyquation 3.4 and given in Fig. 3.7 for the study area.
The small value (S) indicates the low possibility of soil retaining water on the surface
of the land after the runoff, which leads to an incréaskee amount of running water

on the surfacd43]. Observing equatior8.3, it turns out that the number (254)
represents the median value of the coefficient (S), as the soil's ability to conserve water
increases as the value of (CN) decreases, and visg Wwé¢he value of (CN) increases.
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3.3.11.3Calculation of Initial Abstraction Value

The initial abstractiorcoefficient (19 shows the amount of water loss before runoff
through evaporation, or what the plants encounter from rainwater or water collected in
the ground depressions. It is calculateBquation3.2. The low values of (Ia) indicate

the lack of rainwater loss aftdresurface runoff, which helps to accelerate the process

of surface runoff. On the other hand, the increase of the value (Ia) indicates the loss of
large amounts of rain and thus a decrease imtmeberof running water on the
surface The initialabstractiorcoefficient[43], la, for the bain Al-Mohammedi value

are shown in Fi@.8.
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3.3.1.1.4Calculation of the Depth of Runoff

The surface runoff is expressed to be the part of rain precipitation that exceeds the
absorptive capacity of the soil as a result of increased precipitation rates and moves on
the surface of th&arth. It takes several levels according to the geomorphaibthe

Earth and its slope until it reaches one of the streams and flows into it and becomes
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part of it. Accordingly, the flow is determined by a period of time it begins with rain
falling to the surface of thBarth and ends when it flows into the wataurse. The
runoff depth of thentireAl-Mohammedbasin was calculated by the average rainfall
(P) for years 20132019 [43], it was 110mm. After extracting CN for each zone of
the basinEquation3.1 was applied tobtainthe depth of flowfor eaclzone as shown

in Fig 3.9.

Figure 3.10values of Run off depth of the studyea
3.3.1.2Slope

The Generation of the runoff is based on the shapéech is considered @& important

role that influences the speed of water flow and the amount of sedimea{iohhe

areas of rainwater harvesting should be5% becausesubstantial earthwork
prerequisite and these areas are susceptible to high erosion rates due to irregular runoff
distribution [45]. The slope map was generated by udingital Elevation Model

(DEM) with 30 m resolution after sinks and flat areas removed by usingF8cThe

slope map was classified into for clagssesshown in figure 3.10able 3.5 shows the

slope classification considered in rainwater harvesting.
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