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Abstract

According to large climatic changes, there is a need to establish non-
traditional systems and methods for storing and managing water, especially projects
on a small scae (fields and farms with an area of several hectares). In the current
study, the focus was on the eastern region of Missan due to its agricultural,
economic, and environmental importance to the province. The thematic map was
prepared by the Directorate of Agriculture of Missan for distribution of agricultural
areas in the study area.

Asafirst stage, satellite images captured by the (Landsat) satellite for the year
2020 were used. After that they were processed using the (Image Enhancements)
method using the (Erdas) program. The results were analyzed statistically using
Analytical hierarchy processes. At the end of the stage, the possibility of establishing
two types of water harvesting systems in the region was revealed. The first is the
floodwater harvesting system, which is concentrated in the valleys of rivers and
torrents, and the second is the rainwater harvesting system, which isin the hillside
areas. When matching the results with the map of the distribution of agricultural
fields in the region, it was found that the two types can be used to solve the water
crisis problem in the study area.

The second stage relied on analyzing and studying the geomorphology of the
landscape (landscape) for the purpose of analyzing the water path lines and their
velocity towards agricultural lands. The slope of each region was also analyzed and
the soil models were analyzed in order to know the areas of erosion and
sedimentation, and thus the determination of the key point area and the drawing of
the key line to choose the best site for constructing awater collection site or digging
awatering pond.

In the third stage, the projects established or planned to be established in the
study area were studied. The environmental ethical scale method was used to
determine the strengths and weaknesses of each of them. The most important
projects planned to be built are Teeb, Al-Chafta, Kuissa, Arus Missan, and Geni
dams. Asfor the projectsthat are operating, they are the Dewerige Dam and the East
Missan Canal Project. At this stage, images taken from small drones were used after
some photometric cal culations were made to obtain high-accuracy results.

The study showed the importance of analyzing topographical elements, soil
characteristics, wind direction, and solar incidence angle to establish effective water



harvesting projects that can withstand themselves without the need for any type of
maintenance in the future.
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CHAPTER ONE

INTRODUCTION

1.1 Background

CHAPTER ONE
INTRODUCTION

The Earth’s climate is changing, and the global climate is projected to continue

to change over this century and beyond. This has led to water crises in various

regions of the world (Hanjra and Qureshi, 2010) (Fig.1.1) shows the world physical
water scarcity across the world.
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CHAPTER ONE INTRODUCTION

The sources of Tigris and Euphrates rivers have been located within
approaching physical water scarcity. These changes and problems require a new
vision and practical solutionsto the water problemin Irag. Remote sensing and GIS
have aways been effective and important tools in the study and analysis basins and
management surface and sub-surface water. In addition to, connecting between
hydrological phenomena and topography such as. slope, drainage density, stream
length (Magesh, et al., 2014). In this study remote sensing and GIS were applied to
determine appropriate site for water harvesting techniques by anayze satellite
Imagery (Landsat8, the operational land imager, OLI) and sentinel 2A-M S| sensor.
Multi- remote sensing spectral indices are used to estimate the soil texture,
vegetation density, water bodies and drought conditions based on spectral signature

of materials in the earth surface
1.2 Research Problem

The water crisisin Missan has caused many problems. These problems are the
degradation of agricultura areas, migration of people from many areas, damage to
pastures, and many conflicts over water. Therefore, there is an urgent need to find
new technologies that store rainwater and flood water and use them in agriculture,
develop grazing areas, and reduce environmental damage resulting from thelong dry

seasons and devastating floods in the area.

1.3 Objective of the study
The main objectives of this study can be summarized as:
1. Studying the agricultural map to detect the sites of agricultura activity inthe area

2. Using satellite imagery to determine suitable sites for rain and flood water
harvesting in the study area.




CHAPTER ONE INTRODUCTION

3. Landscape analysis and classification of selected sites to determine rainwater and
flood harvesting paths and sites.

4. Studying previous projects in the study area to anticipate the expected problems
in the future.

1.4 The Study Area

Missan eastern desert is Situated in the south-eastern of Irag at 260 km from
Baghdad Fig.1.4. Its lies between longitude 32°47' 44.59"N, 31°58' 2.54"N and
latitude 46°31' 55.27"E, 47°35' 57.48"N, also encompasses an area of (3870) km?.
The study area extends from the north of Missan to the southeastern Fig.1.2.
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Fig.1.2 Location of the study area
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1.5 Geology Setting
1.5.1 Topography

Based on topographic map (Fig.1.3) the elevations of the under investigated area
range from (0 -235)m. Thetopography in the study areais gradual from high terrain
regions (Hemrin and Al-Bend hills), which reach up to 253m. Whereas, the elevation
decreases gradually to ward Al-Amara city about 5m and less in the southwestern
parts of the study area.
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1.5.2 Lithology and Stratigraphy

The study area is a part of the flood plain covered with Quaternary deposits
(Fluvial and aeolian sediments) (Fig.1.4). The stratigraphic column of Quaternary is
about (120)m. These sediments are estimated to be 95% of the study area. The
exposed rocks into the area are belong to tertiary (Pliocene) covering the eastern
area (Barwary, 1993).

16 H0E 46°500°E  AT0FE ATI00E A7I00E 47300F ATH00E |
| ] 1 ] 1 1 1

32°50M0"N
[
=
-
]

Anticline
7/, Sand Dunes
Water Bodies
/7 Tertiary B
sl Active Marsh
Flood Plain
Alluvial Fan o
"3 Sand Sheet . B
Sheet Run Off Al-Amara

I2FI0"N 32°20M"N 32°300"N 32740

IZ90"N 32°10MN 32°20'0"N 32°30WM'N 32740'0"N

1250 0"N

L
5 10 EEI']:IIJ. Easl. HERE. mnm 1] ﬂpﬁnﬂ'ﬂﬂ-‘lﬂlp EofitrEaibads. arnd
—_— tha GIS user comm unity

| ¥ ] 1 1 1
46°40'0"E  46°50'0"E  4T'00TE 47°100"E 47°2000°E 47°3000FE 47T40007E

Fig.1.4 Geologic map of the study area modified after (Sissakian and Fouad, 2015)
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The stratigraphic column of study areais briefly illustrated :
1. Tertiary Sediments

This period sediments are exposed in high terrain areas (Hemrin hill) in
northeastern part of the study area. The certain formations are Mukdadya and Bai
Hassan Formation (Agrawi, et al., 2010). Stratigraphic column in the area as

following:
|. Euphrates Formation

In lithology, the formation comprises of limestone with texture ranging from
oolitic to chalky limestone, In addition to conglomeratic limestone. Sedimentary
environment of Euphrates formation is Neritic environment in the lower, whereas
continental environment in the upper. The geological age of formation belongs to
the late early Miocene sequence (Jassim & Goff, 2006).

[l1. Fat'ha Formation
The Fat'ha Formation is widely spread formation in lrag, belongs to middle
Miocene sequence. The stratigraphic column of this formation can be categorized
into two members. Each member began with Marl to thin beds of limestone and thick
beds of Gypsum. Euphrates formation isthe lower contact while Injanais the upper
contact (L ateef, 1975).
[11. Injana Formation

The formation varies in thickness, maximum formation thickness is 900m was
observed in Kirkuk. The geological age belongs to upper Miocene. Injanaformation
deemed the transiently environment between marine and continental environments.
The formation contains the sequence of sandstone, claystone, and siltstone.
Mukdadya Formation is the upper contact of the formation (Jassim, & Goff, 2006).
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V. Mukdadya Formation

This formation characterizes as varies in facies and thickness around 1411m in
the northeast of Missan, parallel to Hamrin Mountain. The maximum thickness up
to 2000 m of fining upwards cycles of gravely sandstone, sandstone is red mudstone.
It was previoudy called lower Bakhtiari Fm and consist of a finning upward
sequence: sandstone, pebbly sandstone, grey mudstone, and siltstone. The
sedimentary environment of Mukdadya formation was fluvial environment, with
geological age belongsto early Pliocene (Aqgrawi, et al.,2010).

V. Bai Hassan Formation

The upper part of Bakhtiari formation, that overlies Mukdadya called Bai Hassan
recognized as coarsening upward sequence. This formation was deposited during
late Pliocenein fluvial environment. The average thickness of Bai Hassan Formation
Is about 3500m (Jassim, & Goff, 2006). It was descripted by coarsing upwards
cycles of siltstone and claystone with gravel. There is thin bed of conglomerate
deemed the contact between this formation and Mukdadya. The outcrops of
Mukdadya and Bai Hassan Formations are exposed in northeastern parts of study
area (Barwary, 1993).

2. Quaternary Sediments

Under investigated area comprises atotally of quaternary deposits at most sand
and alluvium deposits. These sediments are characterized by fine grained sediments
finer grained compared to Mukdadya and Bai Hassan. The fundamental units of
quaternary depositsin the understudied areaare an alluvia fan, aeolian deposits, and

flood plain. The major thickness of the aluvial fan is about 15m, coarse and poorly

sorted deposits of boulder and gravel, in addition to layers of fluvial sediments. Silty
clay and clay are deemed mostly sediments of floodplain in the study area with a
depth 1m or less (Lateef, 1975).
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1.5.3 Hydrology of Study Area

1. Rivers

Missan eastern desert characterized by the presence of two seasonal streams

flows through, (Fig.1.5). These streams are Teeb and Dewerige, which suffer from

sudden flooding that occurs in short duration and high amounts of sediments

(Table:1.2). Thedischarge of thetwo riversis changing during the year (Tables 1.3).
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Fig.1.5 Hydrologic map of the study area

Tablel.2 shows the average monthly discharge (m3/s) in Teeb & Dewerige
(Ministry of water resources, 2015):

River Jun. | Feb.

Mar.

Apr. | May | Jun | Jul. | Aug. | Sep.

Oct.

Nov. | Dec.

Teeb 350 | 800

650

125 | 50 12 |10 |10 10

8 75

Dewerige | 200 | 300

400

65 25 5 - - -

10 27
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Table 1.3 Hydrological data of study area

Hydrological Item Details References
e Tota length is 500km. (Al-Abadi, 2012),
Teeh River e Lengthinlragis 65km. (Ministry of Water
e flood dischargeis 898 m® Resources,
e average width is 50m Generdl
: : Commission of
e Total length is 202km. Groundwater,
Dewerige River e Lengthinlragis27km. 2019).
e Average width 30m.

2. Climate
In general, the climate of the study area is a part of Mesopotamian and classified

as Mediterranean climate, hot, dry summer, cold winter and a moderate spring and
fall. The data were taken from Al-Amarah station records. Al-Amarah station is a
meteorological station in the study area with coordinates (707446.08 E and
3523715.01 N) at 9m elevation. The major climate parameters are available in this
station are rainfall (mm), mean temperature (C°), monthly average relative humidity

(%), and evaporation (mm) (Iraqi Meteorical Organization, 2019).

2.1 Rainfall

The average monthly rainfall varies extremely between high altitude region

(Hamrin hill) and the low region. It ranges from 150mm- more 200mm (Fig.1.6).

2.2 Temperature

Generally, there is a various considerably in temperature between summertime
and winter, also day and night. The maximum valueis recorded in July, whereas the
minimum was in January. Temperature reaches to 50 C° is commonly occurring
within the study area (Fig.1.7).
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Fig.1.6 The average of monthly rainfall values
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Fig.1.7 The average of monthly temperature values

2.3 Evaporation

Water lost by evaporation in study area is the magjor factor of losses water in
water bodies. The average annua evaporation values is recorded by Al- Amara
meteoric station for period (1991-2020). Maximum average valueis observed in July
479.1mm. In contrast, the minimum was in Des. 59.9 mm (Fig.1.8).
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Evaporation (mm)
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Fig.1.8 The average of monthly evaporation values

2.4 Relative Humidity

The average annual relative humidity within under investigation areais about
47% in winter. The monthly average reaches 72% whileit drops to 25% in summer.
Figure 1.9 clarifies average monthly relative humidity for the period between (1991-
2020).

Relative Humidity (%)
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Fig.1.9 Theaverage of monthly Relative Humidity
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3. Groundwater Wedls

Many of the groundwater wells are produced by the general commission of

groundwater /ministry of water resource, and several of the hand-dug wellsarefound

in the areawhich is used to stock life and agriculture purposes (Barwary, 1993). The

area characterized by deep Artesian wells with drinkable water had been drilled in
the Al-Zubidat town near to Hamrin hill (Fig.1.10).
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Fig.1.10 Distribution of groundwater wellsin the study area

Mukdadya and Bai Hassan formations contain the main upper aquifer in the area

near the Iranian border, whereas Quaternary deposits represent the upper aquifer in

therest area. The surfacelayers of quaternary deposits characterized by impermeable
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strata reach 10m. Therefore, the geological aquifer there usually found under this

depth (Krasny, 1982).

4. Climate changes

The climate changes have caused fluctuations in recorded precipitation in
watersheds in the study area (Teeb and Dewerige). Table 1.4 shows annual

precepitation values along 24 years ago (Irag meteorological orgnization, 2019),
(World Weather Online, 2019):
Table:4.1 Annual presepetation in study area

Recorded years Teeb watershed (mm) Dewerige watershed (mm)
1995 198.0
1996 220.0
1997 183.4
1998 105.8
1999 130.0
2000 096.1
2001 100.3
2002 134.6
2003 -
2004
2005
2006
2007
2008 - -
2009 035.2 191.9
2010 040.7 262.5
2011 054.2 270.3
2012 043.4 206.0
2013 188.6 284.3
2014 053.7 260.8
2015 060.3 071.0
2016 079.7 095.4
2017 062.8 159.4
2018 037.6 121.2
2019 451.7 809.8
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1.6 Water Harvesting Concept

The water harvesting system (WHS) is generally defined as accumulation,
storage, and management of rainwater and flood water runoff. Water collected from
specific area called "catchment area’ to supply water availability for agriculture,
livestock, domestic use, and eco-system. Also, to get economic reserve which would
be benefit in future. Its represents an ancient and simple process which is used for
providing water (Liniger and Critchley, 2007).

1.6.1 Water harvesting components:

Water harvesting system consist of the following components (Critchley and
Finket, 2013): (1) Catchment or accumulative area, (2) Conveyance or transporting
system of runoff, (3) Storage parts, and (4) Application or implementation place.
There components’ may be nearby each other or linked by transporting system.
Sometime storage area and application area are in the same place. Fig.1.11 and
tablel.5 explain the ideal form of water harvesting system component.
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catchment '0\?"

dam

wel imgatad fiekds
pump
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Fig.1.11 Water harvesting components (Mekdaschi and Liniger, 2013)
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Table 1.5 Optimum components of water harvesting system (Datta, 2019)

Parts

Detalls

Catchment area

Defined as the specific location where flood and rainwater
are collected, this area may be large extent for several kms

or small just few meters. For instant, catchment

Transporting
system of runoff

Conveyance or transporting system which is used for
transport runoff water by pipes, rill, or gully into specific

storage area.

The prepared place for storing harvested water until further

notice. The water may be saved at the surface in form of

Storage area ponds or reservoirs, or underground in aquifers (recharge
groundwater).
| s the place where stored water in water harvesting system
Application put into use in difference usage. For example, irrigation of
Area

crops, livestock, domestic use.

In general, water harvesting technique can happen naturally or artificially, for instant

collect runoff water in depression is natural WH system. In contrast, difference type

of dams and man-made construction are examplesfor artificial WH system (Hudson,

1987).
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1.6.2 Classification of water harvesting system

Water harvesting systems can be classified based on catchment type into main
types. floodwater harvesting and rainwater harvesting. These two types also,
subdivided into classes, Table 1.6 explains techniques and specification of these

types.
Table 1.6 Classifications of water harvesting systems (Falkenmark et al., 2001)

Water harvesting system (WHS)
Floodwater Rainwater
Group FloodWH MacrowH MicrowH Rooftop WH
Collect  water | Capture
METHOD outsde  farm, | rainwater Capture water in | Capture water in
then spreading | (runoff) outside thefarm the container
floodwater the farm
CATCHMENT | Large and | Large and | Area within the | Household area
AREA externa area externa area farm
RUNOEE ELOW Flow within [ Rill & sheet flow | Sheet ~and Sheet flow
certain course sometimesrill
Within the soil
+
Within the soil Within the soil
THE STORAGE ¥ Groundwater n Surface &
OF WATER Groundwater 4 9 Trench, bunds, | subsurface tanks
recharge e or bits
tanks
Demotic, Supplementary Demotic,
livestock irrigation livestock
Supplementary L L N
WATERUSAGE | M9 | gypplementary Limited Limited
Groundwater irrigation Grourrlldwater Suppl_em_entary
recharge + recharge irrigation
Groundwater
recharge
The irrigation | Rainwater I nternational Rainwater
network Harvesting Rainwater Harvesting
(Www.spate- Implementation | Harvesting Implementation
EXAMPLES irrigation.org); Network Alliance (IRHA) Network
(RAIN). (www.irha- (RAIN).
h20.0rg);
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1.6.3 Characteristic of Water Harvesting System

Genera advantages and properties of water harvesting system (Hudson, 1987):

- Provide independent water resource away from internationa treaties and
restrictions.

- Provide pure and drinkable water.

- Avoid flooding risk, spatially in low regions.

- Minimize the need to utilize groundwater wells and save water reserve in
aquifers.

- Protect freshwater bodies from polluted runoff.

- Generate water resource easy to set up and maintained by farmers or people
in cites,

Reducing damages in subsystem wastewater.

1.7 Keyline historical review

The keyline system has been started in 1943 in Sydney. In 1945 this strategy was
widdy used and constructed many dams with large, irrigated areas. After that, the
keyline procedure has been applied throughout Australiaaccording to farmers desire
to increase and evolve their water resources. Nowadays keyline programs were
adopted in a didactic approach in schools and many colleges around the world. The
keyline design was invented by Percival Alfred Yeomans. He is an Austraian
geologist. P.A. Yeomans can develop cultivation by creating a hydrologic system
based on climate and landscape (Y eomans, 1954).

1.7.1 Keypoint and keyline ter minology

The keyline technique is defined, as a combination of rules and principles that, is
subjected to evolve the landscape through setting up a plan to organize and develop
the landscape (both urban and rural) Fig.1.12.
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Keypoint is avita and significant position. Defined as a transition point when the

hillside transforms from convex shaped to concave. Water behavior also changed at

this point from erosional to depositional force. The situation of key point based on

P.A.Y eomans, in between steeper and gentler slope. In otherworld the key point is

the inflection point on a slope. This point can be located downhill close to the

transition point, where the contour lines move away from each other. Lush plants

and deep soil are usually observed at akey point. The connection between key points

is called “keyline" (Yeomans, 1971).

1.7.2 Theimportance of keyline design

Keyline plan is a natural technique to overcome soil problems like salinity and

erosion. The general advantages of keyline design to soil were expressedin Fig.1.13.

-
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Fig. 1.13 The Influence of Keyline system on soil modified after Y eomans, (1958)
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1.7.3 Component of keyline

The planning of keyline mainly depends on climate and the existence form of

landscape that effected by geological condition in the site. The keyline components
can bebriefly explainedin (table1.7) and (Fig.1.14) (Duncan and Krawczyk, 2018).

Fig.1.14 Keyline elements (Lomax, 2016)

Table 1.7 The main parts and details of keyline (Y eomans, 1973)

Parts Details
Water moves and distribution in landscape along side of main
ridge within sets of valleys. These valleys are primary valley
divided by smaller ridge caled "primary ridge". The valley
Mai(nMV\;':\I)Iey located in the sides of main ridge and extend from the steep

slope until flats areas. Rainfall in keyline system flow and
concentrated through valleys and flow down by smaller

rounder valley.

It isalarge valley represent the lowest part of keyline system
when main valleys connection and position of Keypoint and
keyline. The length of landscape can be described as:
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Primary
Valley (PV)

o0 Short length landscape with length about 0.5km.
0 Medium length 1 to 2 km.
0 Long length about afew kilometers from the main ridge
to the lower part of landscape.
To summarize, the fundamental of landscape in keyline
system is main ridge (the main portion of system), primary

ridge and primary valley which is separated by it.

Main Ridge
(MR)

The main ridge is the mgor landform in keyline plan
categorization, and it isthe junction of rainfall and runoff paths.
The main ridge contains a water divide line that may connect
to another main ridge, also that dividing line has a low area
called a"saddle". That meansthereis no standard shape or size
to describe it. Landforms began decreasing in elevation away
from the main ridge and water path connect away from it. In
genera, the main ridge is controlled in keyline design and

located in between two nearby water paths.

Primary
Ridge (PR)

This part of the keyline system lies on the side of primary
valley. Theunion of two primary ridges produce primary valley
in between. The origin of primary ridge is undisturbed section

of main ridge that residual after the erosion process by valley.

1.7.4 Classification of keyline water

All agriculture areas have more than 95 % of its importance based on the existence

of water in it. Water stored on the farm to meet requirements later. Low amount of

water has a negative effect on vegetation, is similar in that high amount of water in

soil. Because it prevents the necessary natural aeration to soil. The keyline water can
be classified in table 1.18.
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Table 1.8 Types of keyline water (Y eomans, 1954):

Parts Details
It was classified as the most quality type of water available to

the farms. Itsfalls and directly absorbed by soil to be farmers

Precipitation , . : .
absorbed | OWN with no cost. Modern strategies are using to achieve the
water higher absorption of water.

The second type of keyline water connected and related to
rainfall. Runoff flow through the farms and distribution by
Runoff valleys to the low area. Farmers can use special design to
water exploit runoff intheir land. To control, storage and use to meet
the requirements. Same time’s soil subjected to erosion

process by the effects of runoff.

Keyline water that comesfrom out of the farm and enter to the

farm through primary valley. Thistype of water is suitable for

Surface
water with | irrigation purpose. It is necessary to make sure that externa
external water has alowed quantity of salt content and must be
sources
controlled.
The existing water below the earth surface of the farm itself.
The saturated zone stored and saved groundwater in aquifers
away from the contamination source. That water usually
Groundwater

adopted in case of no water sourcesin farm. Finaly. Thefirst
category of keylinewater in the key to all type above in many

cases. Sometimethereis no runoff in farm, no external source

water, and no groundwater in farm itself.
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1.8 Typeof Storage System

According to the properties of the selected sites, reservoir has to construct to store
water for meeting the water requirements. Practically, the catchment site must not
be very small or very large. In case of avery small catchment site, the catchment
yield islow and low amount of siltation carried by water. The lack of silt sediments
may be increasing seepage in dams. After many years the accumulations of silt
sediments will form a natural sealant against leakage. In contrast, a very large
catchment sitewill be subjected to the risk of intensive floods, which require acostly
spillway of concrete. Dams can be classified into two types depending on the runoff
SOUrce:

. Waterway dams, dams constructed cross streamline.

. Off-waterway dams are dams located away from the streamline.
There are various types of small dams for storage yield, but there is no standard
terminol ogy used to define them. The most common types of small damsare (Lewis,
2013):

Table 1.9 Farm scale water harvesting structures (Lewis, 2013)

Small dam types Properties

Can be defined as an earth structure has been constructed
crossthe water way, valley, and provided by spillway. The
gully dams are usually equipped with pipe spillway to avoid
erosion occurrence. The perfect location of these types of
Thegully dams | dams is the narrow valey and deemed the biggest
economical kind of storage system and the more suitable
for irrigation purposes.

An earth structure situated in hillside and high slope area
not cross river valley or water way. The form of hillside
dam aways be in curved or 3sides shaped. The hillside
dams are suitable in low evaporation region for irrigation
Dam of hillsides | purposes.
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Tankswith a
ring-shaped

This storage system characterized by completely confined
reservoir, has been built using earth materias within
storage area. Thering tank isnormally storing water bel ow
and abovethe earth surface. Through tanks of aring-shaped
reservoir within radial system. The tanks can be filled by
surplus water of streams or groundwater plumping.
Generally, ring tanks method is applied inflate land for
irrigation purposes. The significant feature in this method
Is monitoring on inflow and outflow without using high-
cost spillway.

The tanks of
turkey nest

It's also having a ring - shaped reservoir and inaccurately
known as "turkey nest " reservoir. Thetank isaccumulating
water on the earth surface using an earth material originally
away from storage area. Although tanks of turkey nest
depend on gravity, nevertheless the tanks need to pump to
control on the storage. The objective of usage this type of
reservoirs is to balance the supply level, store water, and
windmills.

The Excavated
reservoir

Can be defined as a subsurface storage system, which is
limited for flat area. The Excavated reservoir is Situated
away from gully dam and hillsides dam (not the same
conditions). There is no specific design or shape for this
type, but its sometime built-in shape of inverted pyramid.
The reservoir depth must be more than 3m synchronized
with minimize the surface area to avoid high ratio of
evaporation. When the run-off filled the excavated
reservoir, the water will contain accumulation of silt
sediments. Therefore, its necessary to construct silt trap to
reduce the velocity of water and catching siltation. The
embankment must provide by fencing to save water and
avoid pollution.
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1.9 Previous studies

Under investigated area has been studied from varies aspects of geological
studies. For instance, hydrology, hydrochemistry, hydrogeology, geological hazard,
efc.

0 MacFadyen, 1938, dealt with comprehensive study for water resourcein lrag
and explained that the productivity of groundwater wells in Bai Hasan and
Mukdadyais about 775 m?/ day.

0 Krasny, 1982a, pointed out in an assessment study of compiled data In the
regions. Kut, Ali Al-Garbi, and Al-Teeb the depth of groundwater are about
(10 m to more than 20 m), and the direction of groundwater flow is in the
southeast direction from the mountainous area. also concluded that the
average amount of TDSis (2000-3500 ppm) but in some places especially the
southwestern part of the region may reach (11000 ppm).

0 Al-Abadi, 2000, PhD thesis used GIS to analyze hydrologica and
hydrochemical characteristics of northeast Missan, south of Irag. According
to the conceptual model of the study area, the aquifer system within the area
Is subdivided into three aquifers: shallow, main, and artesian. Hydraulic
conductivity values of the Quaternary deposits range (from 0.5-15.5 m/d) and
less than that for Tertiary (2-25 m/d). Also, the flow groundwater heads is
from northeast to southeast like the topographic e evation trend. The north and
northeast areas of the study area represent the recharge zone while the south
and southwest areas represent the discharge zone.

0 Lazim, 2002, In her study on the possibility of exploiting groundwater in the
Bazargan area for human and industrial use, most of this water is unfit for

human use. The groundwater is towards the southwest, and | concluded that




CHAPTER ONE INTRODUCTION

the percentage of sales increases with the direction of water movement
subterranean.

o Al-Moozani, 2008, indicated through geomorphological and hydrological
conditions study to the eastern part of Missan that the spatial variation in the
groundwater water (quality and quantity) and the general flow direction
correspond to the topography and its surface and subsurface linear structures

from north and northeast toward south and southeast.

o Fhadil, 2009, the study was carried out the evauation of drought in upper
parts of Mesopotamian. Which concluded the mgjor part has been exposed to
drought.

o0 AL-Shammary and AL-Hamzawy,2014, applied RS & GIS techniques to
analyze AL-Chabab river basin based on morphometric properties. The study
indicated that there is no flooding risk in the area.

0 Al-Saedi, 2017, assessed in her study the geological hazards (flooding,
desertification, earthquakes, etc.) in Missan province and the environmental
changes. And create maps to detect geohazards in Missan using remote
sensing techniques and GIS.

0 AL-Sudani,2018, estimated potential sites for water harvesting in Bedra
using GIS. The study categories study areainto three classes depends on water
harvesting suitability.

o Al-Sudani, 2018, deals with the hydrological and geotechnical properties of
the Dewerige dam, eastern Missan. The study concluded that is the dam
body and reservoir are exposed to geotechnical problems (siltation,
dispersive soil, piping, and sulfates attack).

o Kadhim, 2022, Delineated in her study the suitable sites for water harvesting
downstream of Teeb watershed in Missan. The study showed when compared

the produced maps using the Fuzzy gamma overlay technique and the
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Weighted overlay technique to determine the suitable rainwater harvesting

sites were clearer when using the weighted overlay technique.
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2.1 Introduction

CHAPTER TWO
METHODOLGY

This chapter will discuss the general techniques and approach which isused in

the study and clearly explained (Fig.2.1).

Remote Sensing Study
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Fig. 2.1 Flow chart explains the approach of the study
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2.2 Remote Sensing Data

The remote sensing datawhich isused in this study were acquired from NASA

(earth explorer, earth data search) websites. Table 2.1 demonstrate details of utilized

data.

Table: 2.1 The remote sensing datawhich is used in the study

Remote sensing
data

Specifications

Operational Land
Imager
(OL1)

The Operational Land Imager (OLI1) This sensor preparers
global seasonal coverageto land surface at resolution 30 m.
Landsat 8 collects data at altitude 705 km and a coverage
area of about 185 km. The OLI is a mechanical sensor
which began on 11 Th February 2013 and gathered
formation in nine spectra bands (Schmidt et a, 2013),
Fig.2.4 shows OLI is covering the study area.

Sentingl 2

France was launched sentinel-2A on 23 June 2015, whereas
sentinel-2B by Russia on 7 March 2017. The two
mechanica sensors work on the same orbit and same time
but are separated at 180-degree angles. High-resolution
pixel (10, 20, and 60) m and revisit time is 10 days
(Zhongming et a, 2021). Fig.2.5 explains the study area
covering by Sentinal2.

Digital Elevation
Model (DEM)

The concept DEM is a matrix that usualy refers to both
(DTM and DSM). The procedures of obtained DEM are:
lidar, radar, photogrammetry, aerial surveys, GPS, and
topographic mapping. The resolution of utilized DEM in
the study is 12.5m (Mossa, 2019). Fig.2.3 display DEM

covering study area.



https://en.wikipedia.org/wiki/Stereo_photogrammetry
https://en.wikipedia.org/wiki/Aerial_surveys
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The remote sensing methodology adopted in this study isillustrated
schematically in Fig.2.2

Remote Sensing Data

v
Spatial Analyst
Tool
v

TWI and TRI

| |
| |
| |
| |
| |
| |
| |
I Arc toolbox :
|

| |
| |
| |
| |
| |
| |

Satellite imagery

v
Sentinal2 & Landsat8
v

Image Enhancements

Y v v
Spatial Spectra Radiometric

v v v

Layer stacking Adaptive Filter Histogram
Equalization

Fig.2.2 Remote sensing adopted procedures
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Fig.2.5 Sentinel -2 A covering the study area

2.3 Image enhancements

Satellite imagery outputs always involve high-quality data, in some cases,
there were degradations or noise in these data. Therefore, image processing is
applied in digital images, to get treated and manipulated images. Adjustment,
modification, and enhancement are forms of image processing (Schowengerdt,
2012). Image enhancements are known as the correction process or refinement
of the properties of remote sensing datasets that make image interpolation and
anaysis easier, accurate, and understood. Many mathematical algorithms are
used to correct satellite imagery (Schowengerdt, 2006). The main objective of

this correction process is to increase the apparent contrast among various
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features and produce a new image with noise removal (Richards, 1999). The
Image enhancements that applied in the study area explained in Table: 2.2.
Table:2.2 The applied image enhancements in the study

| mage Enhancement
Radiometric Enhancements

Defined as image enhancing method, derived from a
powerful agorithm. This method is utilized for the
Histogram | adjustment of images correct the contrast. The histogram
Equalization | shows the appearance frequency of the gray color
gradient in the image (Gonzalez and Wintz, 1977).

Spatial Enhancement

It is a widely used technique that improves contrast in
satellite images like stretching and creasing spatial
resolution. In some cases, this technique is not suitable
for marine and water studies in large areas. Adaptive
filters characterized by the enhanced variation of
multispectral images in contrast to other filters the
difference bands should enhance as an individual band
(Fisher, 1991).
Spectral Enhancement

Briefly defined as the method of satellite imagery
correction that merges multi-band image to be one band.
Makes it has one file, the image must comprise of the
Layer .
stacking same. nqmber of raw and column. Using bands
((bands combinations (colored band) make feature easy to
combinations) | identify and extract in satellite images better than gray-
scale colors. This tool is utilized to maximize the
sharpness of the drainage systems, river courses,
agricultural (Parsons, 1957).

Adaptive
Filter
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2.4 Analytic Hierarchy Process (AHP)
The Analytic Hierarchy Process (AHP) /is a multi-criteria analytical
method has been evolved in the 1970s. Which is used to smplifying and

organizing difficult and complex results, depends on mathematics and
psychology foundation (Saaty and Vargas, 2001). The AHP is deemed as a
delicate procedure to compute the weights of used criteria. Evaluating the

relative magnitude of the criteria by comparing between a series of pairwise

(Solomon and Quiel, 2006). Fig.2.6 shows general methodology of AHP.

Methodology

-

Data collection

A 4

\

Determine objective goal

Spatial data base

4

Set up criteria

v

Convert thematic layers

Construct the hierarchy

v

A

Criteria map

Make pair-wise comparison

y

v

Raster calculation

Calculate indicator weight

v

Consistency checking

NO

!

v

Final Discussion

Yes

Fig.2.6 Application of AHPin GIS




CHAPTER TWO METHODOLOGY

The main stages of Analytic Hierarchy Process ( Saaty, 1980):
1. Assignment the criteria and evaluate the priority of each criterion.
2. Calculation of Amax.
3. Finding consistency index (C.I).
4. Estimate random consistency ratio (RI).
5. Computing consistency ratio (CR) and compared it to the standard
consistency ratio (Lawal, et a.2012).

2.4.1 Theprocedureof AHP applied in this study
A. ldentify the adopted criteria:

In this study, four spectral parameters have been achieved using GIS and
remote sensing techniques Table:2.3. Four sites have been chosen from study
area to make it easy to apply AHP. All these parameters have been weighted

according to their significance in the water harvesting system.

Table: 2.3 The applied indices in the study

Theused indices Specifications

Topography is the major factor controlling the hydrologic
rocess. Topographic wetness index (TWI) can be defined as a
1.Topographic P Pogrep ( )
wetness index (TWI) | topographic index which is assigned the potential sites of water
accumulation. The high rate of TWI reflects low slope area and

vice versa (Sorensen, et al., 2006).

Known as a sand presence spectral index. In Landsat 8, the
2.Normalized reflected bands recorded by OL| are ranging from (0.43 -2.29
Difference Sand Index -
(NDSI) um). Sand reflectance values start from minimum wavelength
(0.43-0.45 pm) and reach to (0.64-0.67 um), In other words the

wavel ength differences between band1 and band4 help to explore

sand reflectance in spectral recorder data (Pan, et al., 2018).
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3.Topographic
Ruggedness Index
(TRI)

An important variable which is used to analyze landscape and
reflect hydrological process in a certain area. In 1999 TRI had
been improved by Riley and others to explain the variation in
elevations between surrounding cells in the digital elevation
model. In other words, TRI detects the topographic heterogeneity
values (topographic roughness) for the center pixel and eight
pixels surrounding and calculatesit in meters. Thisindex playsa
significant role in hydrologic, engineering, and geomorphologic
applications (Riley and Elliot, 1999).

4. Modified Normalize
Difference Water
Index (MNDWI)

The MDWI isone of two significant spectral indicesthat are used
to monitor surface water. MNDWI had been derived from
NDWI, which is used near infra-red and short wave infra-red to
detect water bodies. NDWI is highly affected by the reflectance
of build-up land and vegetation. So, it must minimize the
exaggeration in water reflected data. Clear water cannot reflect
the electromagnetic spectral of near infra-red and short-wave
infra-red. In 2006 NDWI is corrected modified by Hangiu Xu
through utilizing green and shortwave infra-red, as expressed.
(McFeeters, 1996).

5.S0il- Adjusted
Vegetation Index
(SAVI)

Defined as a corrective vegetation index, which is used to reduce
or minimize the action of soil luster in reflected spectral bands
by enhancing the wave lengths of both NIR and RED (Huete,
1988).

6.Topsoil grain size
index (GSl)

This index is greatly related to vegetation cover to explain soil
condition. The high value of GSI be evidence of course texture
and can be written according to the formula: The equation (R-B)
reflects the variation between water or vegetation and uncovered
surface soil. The value of (R-B) will be negligible or close to (0)
in high vegetation regions. the topsoil grain size index has been
created to estimate desertificationin arid or semi-arid area (Xiao,
2006).
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2.5 Landscape classification

According to the keyline procedure, which explained in chapter one. The
following procedure applied in this study, to apply keyline method in the study
area (Fig.2.7).

Drawing topographic map

v

|

|

|

|

: Landscape classification
| v
|

|

|

|

|

|

Drawing waterline

v

Drawing the cross-section

Office Study

Primary field work

| I
| I
| I
| I
I y I
| I
| I
| I

Field work Detailed field surveying

(sampling + photogrammetry)

P — — — — — — — — e ey

I I
I Mechanical analysis and soil I
| classification |
| v |
Lab. work : Chemical analysisfor water and :
I I
I |
I |
| |
| I

<nil
v
Microscopic study

——— —— — — — — — — — — — — — — — —

-
: Landscape classification
Result and | Rainwater harvesting computing
assessment < Floodwater harvesting computing

|

|

|

|

I

Of the study area

Studied the previous project
Suggested project
Constructed project

\ 4

Fig.2.7 Adoptive approach in landscape classification
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2.6 Field work

The field work is dividing into two main stages:

Stagel / Primary field work themain purposeincludes areconnaissance visit
to the Dewerige river and Teeb River to study the topographic feature and
landscape in theses flooded zones.

Thedate/ 11 Sep. 2021 at 5:30 Am, (Figs.2.8, 2.9, and 2.10).

-

RS

R

Fig.2.8 The primary valley in study area (site4)
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Fig.2.9 Flooding areain sitel (Bird Eye Imagery)
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Stage |1 / Detailed field work / focusing on surveying and sampling
the chosen sites Figs.2.11, 2.12, 2.13, and 2.14.
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2.7 Lab. Work

Laboratory tests by selection samplesfrom each site with depths vary from
(0.10 — 1.5)m. The laboratory test based on American Society for Testing and
Materials (ASTM) Table 2.4

Table: 2.4 The soil classification test which used in the study

Type of Test Standard
Classification tests ( Grain size analysis)
- Sieveanalysistest ASTM D-422
- Hydrometer Test
Chemical tests

- Acidity of soil or water (pH)

- Electrical Conductivity (EC) BS 1377-1990

- Conductivity Factor (CF)
Total dissolved solids (TDS)

e The used equipments/ The lab. test has been done using the following
equipment and tools Fig. 2.15.

S
\/ WATIR QUALITY WINITOR i

% e er os v
\/ e o ar N
Sensitive Balance ...

Multiparameter device

B & §
P X "
- p e

Hydrometer and
measuring
cylinder at 250ml

Fig.2.15 The used equipments
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e Soil Samples/ The soil samplesare collected from soil of the four sites,
at range (15-20) samples and depth (0.3-1.5) m for each site (Fig.2.16).
Also, ahand auger has been used to get subsurface samples (Fig.2.17).

|

Fig.2.17 Collecting subsurface soil



https://www.etec.energy.gov/Library/Cleanup_and_Characterization/Soil/Co-Located/SSFL%20SOP%203%20Hand%20Auger%20Subsurf%20Samp%20121312(Rev1).pdf
https://www.etec.energy.gov/Library/Cleanup_and_Characterization/Soil/Co-Located/SSFL%20SOP%203%20Hand%20Auger%20Subsurf%20Samp%20121312(Rev1).pdf
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Mechanical classification of particle size: including sieve analysis test
Fig.2.18, and Hydrometer test Fig.2.19. The Hydrometer Test is categories
cohesive soil based on ternary diagram (chapter four).

Fig.2.19 Hydrometer test
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e Chemical test/

Fig.2.20 Chemical test

e Microscopic study / The microscopic test has been achieved using
digital microscope (Figs.2.21 and 2.22) and Table 2.5. The mineralogy

of soil grains and gypsum grains is observed in many samples of study

area.
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Fig.2.21 Digita microscope ( DINO- Capture 2.0)
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Fig.2.22 Microscopic study

Table: 2.5 General specifications of the microscope (Amato, et al.,2012)

Magnification Characteristic

Standard (10x~50x, 220x)

Connection Type USB 2.0

LEDs White (8)

Image Save Formats BMP, GIF, PNG, JPG, TIF, RAS, PNM,
(Windows) TGA, PCX, MNG, WBMP, JP2,JPC, PGX
Video Formats WMV, FLV, SWF

Operating System

Windows XP, Vista, 7/8/10, Mac OS 10.5+
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2.8 Particlesize classification

In agenera sense, texture of soil refersto its surface appearance. Soil texture
Is influenced by the size of the individual particles present in it, this
classification divided soils into gravel, sand, silt, and clay categories on the
basis of particle size (Howarth, 1996). The designing WHS it’s important to
eva uate how much water can be infiltrated and how much will be runoff. Soil
texturetest isone of the magjor parameters controlling on WHS. Therefore, these

projects highlight the importance of soil texture, composition, and infiltration

(Prinz, 1996).

Texture =
Percentage of sand
Silt, and Clay

\J
4 1A'

\ \ J ".\ A
\ / sangyloam\ /

percent £a5g
< oI s

Well-sulted for
catchment area

Well-sulted for

cropping area

Fig.2.23 Classification of soil for WH components modified after (Prinz, 1996)

These classification systemswere achieved relies on nature of soilsand their

specific properties the area at infiltration rate 5 mm/h or less deemed a perfect

location for harvesting rainwater (Eger, 1986).
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2.9 Assessment of the previous projects in the study area
The previous and new projects were developed depending on previous
studies, Field work, and drone survey (Details in chapter five). The previous

projects were classified as: suggested and constructed projects.

2.9.1 The previous projects

The location of previous projects in the study area (suggested and
constructed) can be explained (Fig.2.24).
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Fig.2.24 Location of previous study
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I.  Suggested project / These projects including construct small damsin
Ali-Al-Garbi city next to Iranian bolder to benefit from the flood water.
These dams are:

Al-Gafta dam.
Geni dam.

Arus Missan dam.
Kuissa dam.

0 Teeb dam.

O O O O

II. Constructed projects

o Dewerigedam

Dewerige dam is a small concrete dam located in southeastern part of
Missan province, south of Irag. The coordinates of dam axes are (E746239.862,
N3551456.909) - (E746256, N3550931). The length of damis 512m with total
storage capacity about 1,870,000m3 (Ministry of water resource, 2009).

o Theold canal project

is an artificial channel located parallel to the Iragi — Iranian bolder. The
channel has been observed during the field work and analyzed using satellite
image and drone image to understand the importance and engineering
properties of it. This channel was divided into three sites based on its extent:
Ali-Al-Garbi, bend, and Al-sheib parts and studied in detail in chapter four. In
general, the assessment of previous projects dealswith sustainability procedure
which classified the project as. degenerative, generative, and regenerative
(Mang, 2020):

Degenerative investment projects / described as a project that aims to
achieve one goal or one product. It does not generate profits during its operation
and the maintenance cost is very high. It builds but doesn't work for several

reasons.
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The generative investment project is operating and making profits. The profits
cover maintenance costs during thelife of the project. The project serves one or
more goals. The regenerative project is defined as operating and making profits
project. Its serves more than one purpose It does not need maintenance at all

and can be developed in the future.

2.9.2 Dronetechniquesused in the study

Two types of drones have been used in this study, Global drone GD89 pro
and DJl (Fig.2.25 and 2.26). Genera specification of these types shown in
Table 2.6.

Fig.2.25 The used Dronetypel

| / > <

Fig.2.26 The used Dronetypell
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Table: 2.6 General properties of the used drones ((Ivanciu and Alexandru,
2020), (Lan and Lee, 2022):

The drone type Key specification

- Item Name: GLOBAL DRONE GD89 Pro Drones with HD Camera
and Wi-Fi with One Key Take Off vs Air 2.

- Function: Electric adjustment 90° camera, forward looking
obstacle avoidance, atitude function, and 4k camera, go up/down,
forward/backward, turn left/right. left/right side flying, 3 speed
adjustment, 360° flip, headless mode, one key take off/landing,
trgjectory flight, one-key return.

Typel - Camera 4K modular camera

- Battery: 3.7V/1200 mAh for drone3.7V/350mAh for remote
control, modular design, can show the battery voltage.

- Flying time: About 12-15 minutes.

- Control distance: 100m.

- FPV distance: 50m.

- Model Number: GD 89 pro.

- Brand Name: Global Drone.

- Brand:DJI

- Model name: DJI Mini 2

- Color: Gray

- Video Capture Resolution: 4K HD

- Effective Still: 12 MP

- Connectivity Technology: USB

- Included Components. Spare Propellers (Pair) x3, RC Cable
(Lightning connector) x1, Spare Control Sticks (Pair) x1, Gimbal
Protector x 1, Remote Controller x 1, Aircraft x 1, Shoulder Bag x

Typell 1, Type-C Cable x 1, Propeller Holder x 1, DJI 18W USB Charger
x1, RC Cable (USB-C connector) x1, Two-Way Charging Hub x1,
Spare Screw x 18, Screwdriver x 1, DJl Mavic Mini 2 Intelligent
Flight Battery x 3, RC Cable (Micro USB connector) x1Spare
Propellers (Pair) x3, RC Cable (Lightning connector) x1, Spare
Control Sticks (Pair) x1, Gimbal Protector x 1, Remote Controller
x 1, Aircraft x 1, Shoulder Bag x 1, Type-C Cable x 1, Propeller
Hold...

- POWERFUL PERFORMANCE: with a max battery life of 31
minutes.
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2.10 Questionnaire

A questionnaire is a powerful research tool called Self-Administered

Questionnaire “SAQ”, which comprises of many questions dealing with a

specific subject and collecting the answers (Gault, 1907). Fig.2.29 explains the

procedures used in thisstudy (Detailsare given in chapter four and appendixes.

Create  Google

Form questionnaire
samples according to the questionnaire

I
I
|
| categories
Office work : v
: Distribution the questionnaire samples as
| the following:
| !
| , |
I Direct process (face to Indirect process
: face interview) (self-administrated online)
L v using Google Form web site
I : 7
During : Farmers and Shepherds | * The social service
The field | : organization.
works T T T T T T T T T T T T T T * Research
specialist.
* Governments
Directories

I

Repeating the field work based on the
results of the questionnaire

I
I
I
I
I
I
I
: > Data Analysis <
I
I
I
I
I
I
I

Fig.2.29 Questionnaire methodology in the study
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2.10.1 Questionnaire categories
Five community categories which interested water harvesting, were
divided as the following Table 2.7:

Table 2.7 The questionnaire forms in the study
Form NO. Category responders NO.

1 Governmental directories that interested 14
to WH system including:
- water resources directorate
- the general commission for
groundwater
- thedirectorate of maintaining
irrigation and drainage proj ects.
- thedirectorate of agriculture.
- thedirectorate of the environment
- Missan oil company

2 Socia service organizations S
3 Research specialists 97
4 Farmers opinion 50
S Shepherds' opinion 25

2.10.2 The questionnaire design in this study

The type of questionnaire would base a lot on the aim or purpose of the
research. The research hypothesis assumes that the eastern desert of Missan is
a suitable site to construct the WH project. One of powerful tool that has been
used in water harvesting projects is questionnaire, to get the optimum results
(Fig.2.30) (Oweis and Hachum, 2012).
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Collecting topographic
maps, data on soil, crop,
climate, runoff ete.

i

altitugles
(questionnaire)
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Collecting data on
socioeconomic

Collecting remote
sensing data

collecting data on farmers |

Data pool, data
processing

{ Data acquisition

,

{ Developing a simple |

hydraulic model

Fig.2.27 The outline of water harvesting procedure (Oweis and Hachum, 2012)
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CHAPTER THREE
REMOTE SENSING RESULTS
3.1 Introduction
This chapter covered the results of digital image processing and

anaytical hierarchy process (chapter two).
3.2 Image enhancements/ dealswith theinfluenceof radiometric, spatial,
and spectral filtersin the used satellite imagery Figs.3.1, 3.2, 3.3, 3.4, and

3.5. The red arrows discover the extent and detail of the old canal.

- Radiometric enhancement (histogram equalization)
enhancement)
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Fig. 3.1 Radiometric enhancement applied in Sentinel -2A (8,6, and 11 bands)
GBR, the examples of water harvesting projectsin adjacent areas
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GBR sentinal2 A imagery

The histogram equalized method applied on image Figs. 3.1 and 3.2
shows all individual pixelsin the image, thus increasing the contrast and
clarity of featuresin images. Asisclear in the above figure, the distinctive
geological structures appear in the study area, perhaps the most important
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of which are folds such as the Bazrgan and Abu Grab folds (red circles
with an oval shape Fig.3.2.

- Spatial enhancement (adaptivefilter)

Adaptive filter increasing the spatial resolution and clarity of feature
by improving contrast in an image as shown in Fig.2.9, This technique
showed river channels, branches, and drainage basins clearly visible, as
well as isolate the wetlands covered with vegetation from desertification

lands, in addition to geological structures such asfolds and linear patterns.
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The black arrows refer to the colour contrast, while the black circle with
an ova shape shows the flooded area.

- Spectral enhancements (Layer stacking)

The spectral bands 8, 10, and 12 have been used to apply the layer-
stacking filter. Fig.3.4 explains the cropping areain Ali-Al-Garbi city and
the old canal extent (blue arrows) and the water line comes from Iranian
territory (sites of Ali-Al-Garbi dams). The flooded area, the four sites, and
the colour contrast are detected in Fig.3.5.
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Fig.3.5 Layer stacking with (8,10, and 12) GBR bands combination (Sentinal 2
imagery) The four selected locations areillustrated in addition to the flooding area.
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3.3. Theresult of analytical hierarchy process
The components of AHP in the study are illustrated in Fig.3.6.
Calculation and the result of the analytical method (AHP) have been

inserted as steps:
Level 1 Selection water harvesting
Level L siphisbont
Leelz | Twr B NDSI B GSI | SAVI [BMNDWI | TRI
Ravel 3. .ovoneninmnsnnnnsinnsine SITEI SITE2 SITE3 SITE3
Altemative
T

Fig. 3.6 The components of Analytic Process Hierarchy

A. Set up amatrix that is n*n, where n is the number of criteriaand
the grey call represent equally important criteriatable: 3.1

Table: 3.1 matrix set up

Criteria TWI NDSI TRI MNDWI | SAVI GSl
TWI
NDSI
TRI
MNDWI
SAVI
GSl

B. Making pairwise comparison of each criterion according to their rank
(Saaty, 1980):

a) 1 indicatesthat criteria A and B have the same importance.

b) 3 refersto that A isintermediate in importance compared to B.

c) 5 meansthat A is highly important compared to B.

d) 7 this value means criteria A has been demonstrated to be much more
important than B.

e) 9 showsthat A has been demonstrated to be much more important than B.
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The matrix of pairwise comparison comprises of pairs of factors that are
compared with each other so as to determine the most important factor

table: 3.2.
Table:3.2 matrix of factors
Criteria TWI NDSI TRI MNDWI | SAVI GSl
TWI 1 2 3 4 5 6
NDSI 0.5 1 15 2 25 3
TRI 0.333 0.66 1 1.3 1.6 2
MNDWI 0.25 0.5 0.7 1 1.25 1.5
SAVI 0.2 0.4 0.6 0.8 1 1.2
GSl 0.2 0.4 0.6 0.8 1 1
C. Adding sum to each column, table: 3.3
Table 3.3 sum of each column
Criteria TWI NDSI TRI MNDWI | SAVI GSl
TWI 1 2 3 4 5 6
NDSI 0.5 1 15 2 25 3
TRI 0.333 0.66 1 1.3 1.6 2
MNDWI 0.25 0.5 0.7 1 1.25 15
SAVI 0.2 0.4 0.6 0.8 1 1.2
GSl 0.2 0.4 0.6 0.8 1 1
Sum Y 2.483 4.96 7.4 9.9 12.35 12.35
D. Normalize the pairwise matrix, table: 3.4
Table 3.4 normalize the pairwise
Criteria TWI NDSI TRI MNDWI SAVI GSl
TWI 0.402 0.403 0.405 0.404 0.404 0.485
NDSI 0.201 0.201 0.202 0.202 0.202 0.242
TRI 0.134 0.133 0.135 0.131 0.129 0.161
MNDWI 0.100 0.100 0.094 0.101 0.101 0.121
SAVI 0.080 0.080 0.081 0.080 0.080 0.097
GSI 0.080 0.080 0.081 0.080 0.080 0.080
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E. Criteriawe ght can be calculated by computing the average of each a

row in the normalized matrix, this average is called " criteria weight”,
table: 3.5.

Table:3.5 Criteriaweight calculation

Criteria TWI NDSI TRI MNDWI | SAVI GSl | weight
TWI 0.402 0.403 0.405 0.404 0.404 0.485 0.41
NDSI 0.201 0.201 0.202 0.202 0.202 0.242 0.20
TRI 0.134 0.133 0.135 0.131 0.129 0.161 0.13

MNDWI 0.100 0.100 0.094 0.101 0.101 0.121 0.10
SAVI 0.080 0.080 0.081 0.080 0.080 0.097 0.08
GSl 0.080 0.080 0.081 0.080 0.080 0.080 0.08

F. Calculate consistency matrix by tables 3.6, 3.7, 3.8:
Table 3.6 multiply each criteriavaue by it weight, table: 3.6

Criteria TWI NDSI TRl | MNDWI SAVI GSl
TWI 0.417 0.417 0.412 0.413 0.417 0.485
NDSI 0.208 0.208 0.206 0.206 0.208 0.242
TRI 0.139 0.137 0.137 0.134 0.133 0.161

MNDWI 0.104 0.104 0.096 0.103 0.104 0.121
SAVI 0.083 0.083 0.082 0.082 0.083 0.097
GSlI 0.083 0.083 0.082 0.082 0.083 0.080

Table 3.7 Computing criteriaweight sum

Criteria | TWI NDSI TRI MNDWI | SAVI GSl CWS

TWI 0.417 0.417 0.412 0.413 0417 | 0.485 |2563

NDSI 0.208 0.208 0.206 0.206 0.208 | 0.242 |1.281
TRI 0.139 0.137 0.137 0.134 0.133 | 0.161 |0.844

MNDWI | 0.104 0.104 0.096 0.103 0.104 | 0.121 |0.634
SAVI 0.083 0.083 0.082 0.082 0.083 | 0.097 |0.512
GSI 0.083 0.083 0.082 0.082 0.083 | 0.080 | 0.496

Table: 3.8 Calculation ratio of WSC/WC

Criteria | Criteriaweight sum | Criteriaweight | Ratio WSC/WC
TWI 2.563 0.41 6.251
NDS| 1.281 0.20 6.405
TRI 0.844 0.13 6.49
MNDWI 0.634 0.10 6.34
SAVI 0.512 0.08 6.4
GS| 0.496 0.08 6.4
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I. Calculate consistency ratio / which can be calculated by finding the
average of ratios ((Saaty, 1980), ((Saaty, 1984):

- Jmax = (6.251+6.405+6.49+6.34+6.4+6.4)/ 6
- Jumax =6.381

Ii.  Calculate consistency index (C.1), where n isthe number of criteria
in the study:

- C. =(max -n)/ (n-1)

- C.I =(6.381-6)/(6-2)

- C.l =007

- Consistency ratio = Consistency index (C.l) / Random index

- Random consistency index can be obtained using standard values

table 3.3:

Table: 3.3 the average random consistency indices (RI) for various type of
N (Saaty, 1980):

N|1l| 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15

RI |0|00|058|090|112) 1.24|132|141|145|149| 151|154 | 156 | 157|159

Where:
N= criteria number
RI= random consistency index

Consistency ratio = Consistency index (C.I) / Random index
Consistency ratio=0.07/1.24
Consistency ratio = 0.05

If the value of the consistency ratio is less than (0.10, standard
consistency ratio), then the criteria weights are acceptable (Saaty,1984 ),
(Malczewski, 1999), and (Saaty and Vargas, 2001), whereasif thevalueis
more than (0.10), then pair-wise comparisons have to be re-estimate. Since
the consistency ratio is (0.05), less than the standard consistency ratio.

Therefore, a pair-wise comparison is possible.




CHAPTER THREE REMOTE SENSING REQULTS

3.4 Application of analytic hierarchy processin GIS
3.4.1 Site selection
According to the agricultural plan of 2021 Fig.3.7, obtained by the

directorate of irrigation and maintaining projects of Missan. The potentia
sites for water harvesting were selected Fig.3.8 and table 3.5.
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Table: 3.5 illustrates the surface area of the selected sites.

water harvesting proposed sites Areain km?
Sitel 12.3
Site2 27.3
Site3 203
Sited 194
3.4.2 Methodology

The methodology adopted in the present study is schematically
(Fig.3.9) and described in the following steps:

Methodology

A 4 A 4

DEM Remote sensing data

| |

Sentinnel2 imagery

Arc toolbox

TRI TWI

Erdas Imagine 2014

v ) Geometrical &
Evaluate weight of each rrlellldlometrlct
parameter enhancements
l v
- - GIS 10.4/Arc toolbox
Reclassify thematic
layers. 7
v Raster calculator
Overlay weight of layers 7
.| NDSI, MNDWI, GSI,
SAVI
Assessment of WH
proposed site.

Fig. 3.9 The AHP Procedure of the study
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3.4.3 Theparametersrating

The six factors have been evaluated (table3.1). Depend on percentage

weight “criteria weight” table: 3.5, the classes rank is estimated according

to its effect on the study, and multiple by criteria weight to calculate the

final weightage of classes.

Table: 3.5 rating of used criteriawhich used is AHP

Criteria | Weight | Rank Overall
TWI
high 3 123
medium 41% 2 82
low 1 41
NDSI
high 3 20
medium 20% 2 40
low 1 60
TRI
high 3 13
moderate 13% 2 26
low 1 39
MNDWI
high 3 30
medium 10% 2 20
low 1 10
GSl
high 3 8
medium 8% 2 16
low 1 24
SAVI
high 3 24
medium 8% 2 16
low 1 8

3.4.4 Creating thematic layers

According to the matrix of pairwise comparison and the final rating of

each subclass in selected parameters, thematic layers of AHP have been
created Figs.3.10, 3.11, 3.12, and 3.14.
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Thematic layer of each parameter / Sitel
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The site suitability analysis involve consideration of many parameters
influencing the performance of the structure under consideration, in this
study, AHP approach has been applied for decision making. The adapted
parameters such as TWI, NDSI, MNDWI, TRI, GSI, and SAVI. Each
parameter was reclassified into three subclasses (low, medium, and high).
In sitel the results of creating thematic layers was explained in Fig.3.10.
The normalized difference sand index raster (a) gives an idea about soil
type in sitel. Most type of soil range from medium — low sand
reflectance, therefore the area is suitable to be catchment area. The high
values of topographic wetness index (b) concentrated in north-western of
sitel, this mean that location in high suitability for WHS.. Topography
and soil types are the most factor controlling in subtility of WH projects.
The other factors TRI, MNDWI, GSI, and SAVI are additional factors
utilized to make the decision-making be accurate, At the same time these

factors are important environmental parameters.
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Thematic layer of each parameter / Site2
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Fig.3.11 (a, b, ¢, d, e, and f) The Result of applied indices of AHP in site2
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While site2 the results of creating thematic layers was explained in
Fig.3.11. The normalized difference sand index raster (a) gives an idea
about soil type in sitel. Soil type range is medium sand reflectance in
most position in site?, therefore the area is suitable to be catchment area.
The high values of topographic wetness index (b) concentrated in western
position of site2, this mean that location in high suitability for WHS.
Topography and soil types are the most factor controlling in subtility of
WH projects. The other factors TRI, MNDWI, GSI, and SAVI are
additional factors utilized to make the decison-making be accurate, At

the same time these factors are important environmental parameters.
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Thematic layer of each parameter / Site 3
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In site3 the results of creating thematic layers was explained in
Fig.3.12. The normalized difference sand index raster (a) gives an idea
about soil type in site3. Most type of soil is medium sand reflectance;
therefore, the area is suitable to be catchment area. The high values of
topographic wetness index (b) concentrated in northwestern of sitel, this
mean that location in high suitability for WHS. Topography and soil
types are the most factor controlling in subtility of WH projects. The
other factors TRI, MNDWI, GSI, and SAVI are additional factors utilized
to make the decision-making be accurate, At the same time these factors

are important environmental parameters.
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Thematic layer of each parameter / Site 4
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In sited the results of creating thematic layers was explained in
Fig.3.13. The normalized difference sand index raster (a) gives an idea
about soil type in sitel. Most type of soil range from medium — low sand
reflectance, therefore the area is suitable to be catchment area. The high
values of topographic wetness index (b) concentrated in northwestern of
sitel, this mean that location in high suitability for WHS. Topography
and soil types are the most factor controlling in subtility of WH projects.
The other factors TRI, MNDWI, GSI, and SAVI are additional factors
utilized to make the decision-making be accurate, In the same time these

factors are important environmental parameters
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3.5 Thesuitability of water harvesting potential sites

The volume of storage yield in water harvesting techniques is based
on severa factors: Rainfall, vegetation, texture of soil, slope of the area
etc. (Lewis, 1995).The appropriate sites to apply water harvesting
techniques have been identified in the study area using the analytical
hierarchy process (explained in detail in chapter three).There is no certain
design recommended for all sites and covers al different needs. The
perfect storage system must be the least cost, minimum seepage and
evaporation, and simple construction and maintenance. The figures below
explain the results of applying AHP is the study Figs.3.14, 3.15, 3.16, and
3.17.
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According to the result of AHP for research problem, the chosen sites
were classified into five subclasses in term of water harvesting suitability:
very low, low, medium, high, and very high. The chosen areas (sitel,
site2, site3, and sited) are including large areas. The recommended water
harvesting area must be neither large to avoid water loss nor small area.
Therefore, only the very high suitability subclass has been selected and
adopted as a perfect area to construct water harvesting projects. Also,
choosing the suitable project to the area based on the geologica
properties that mentioned before. Table 3.5 shows the position of

suggested water harvesting projects and properties of the four sites.

Table 3.5 the positions properties of very high subclasses suitability

Potential Sites Slope average Coordinates system
Sitel
Position A 09-25 7446690.09E — 3554171.4N
Position B 1.3-22 745185.40E — 3554460.97N
Site2
Position A 1.1-42 732283.10 E- 3561807.73 N
Position B 43-13 736933.51 E 3560615.80 N
Site3
Position A 49-13 733521.50 E 3567183.88 N
Position B 2.3-0.7 721484.46 E 3576958.25 N
Sited 708707.06 E 3588026.65 N
Position A 16-04 715867.13 E 3580470.68 N
Position B 3.9-07




(Chapter Four

Water Harvesting Systems



CHAPTER FOUR WATER HARVESTING SYSTEMS

CHAPTER FOUR
WATER HARVESTING SYSTEMS

4.1 Introduction
The flow chart (Fig.4.1) showing the adopted strategy in this chapter

to explain water harvesting systemsin the study area.

Questionnaire

A\ 4

Analysis of
questionnaire results

A4

Topographic analysis of

study area
v

Rainwater harvesting Floodwater harvesting
system system

4

Studying the suitable site

Landscape analysis )
for this system

(Keypoint, Keyline,
Primary Valley, Main
Ridge, and Primary Ridge)

\ 4

Completion hydrologic
calculation (based on
soil test and climate

data)

A 4

Proposing the
engineering structure for
each site

Fig.4.1 Water harvesting systems methodol ogy
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4.2 The questionnaireresult

In this part of the chapter, the result is offering and analysing open-

ended, closed-ended, multiple-choice questions. To the category sample:

form no.1, form no.2, form no.3, form no.4, and form no.5. The

guestionnaire responses would display intables: 4.1, 4.2, 4.3, 4.4, and 4.5.

Government Institutions (form no.1)

Table 4.1 the result of Government I nstitutions questionnaire

_ Answer _
NO. Question Notices
Yes No
Is there any water harvesting
Q1 project that was previously | 35704 | 64.3% )
achieved in Missan
Governorate?
Q2 | Doyou havefuturestudieson | 5094 50% No answer
water harvesting projects?
Q3 Do you know about similar | 35705 | 64.3% No answer
projects?
Dewerige dam in Missan,
If the answer isyes, what is Al-Shahabi and Bedra dam
Q4 . yes . Al-Abiath dam in Al-Nagaf
the project name and whereis Al-Al-Garbi . h
it located? -Al-Garbl - projects nort
' Missan., Water harvesting in
Wased.
Do you suggest setting up a -
Q5 | water harvesting project in 92.9% | 7.1%
Teeb area, east of Missan?
14.3% evaporation
: 7.1% soil erosion
Q6 | What a:ﬁégs oﬁ)st:ﬁg facing 28.6%administrative obstacles
Pro) ' 14.3% social obstacles
35.7% silt accumul ation
Q7 Do you have suggestions 35.7% | 64.3%
about water harvesting?
- Investing in the rain and
. torrential waters east of
Qg | !f theanswerisyes, what are Missan
N .
these suggestions: - Climate data anaysis
for 30 consecutive years

=
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Using water harvesting
projects to recharge
groundwater.

Studying the valleys
located on the eastern
side of Missan.

Q9

If the water harvesting project
succeeds in the region, do you
think it encourages the
establishment of development
projects  (schools, hedth
centers, youth centers)?

92.9%

7.1%

Q10

Do you think that water
harvesting projects encourage
agricultural, commercial and
tourism investment in the area?

85.7%

14.3%

Q11

If the answer isyes, what are
your suggestions?

Establishing modern
villages

Establishing parks and
geological sites
Establishing natural
reserves

Social Service Organizations (form no.2)

Table 4.2 The result of Socia Service Organizations questionnaire

NO.

Answer

Question

Yes

No

Notices

Q1

Does your organization have
any activity related to water?

100%

0%

Q2

If the answer isyes, in which
city was this activity?

Missan, Baghdad, Basrah,
Duhuk, Sulimanya, Diwanya

Q3

Did your organization
support or finance any water
harvesting project in
Missan?

0%

100%

Q4

If the answer isyes, in which
city was this that support?

No answer

Q5

Do you support fundraising
for the implementation of
these projects?

60%

40%

Q6

Have you witnessed
conflicts or  problems
between the community of
farmers and fishermen, or
shepherds caused by the

scarcity of water?

80%

20%
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Can you participate in -
raising awareness among the
Q7 farmers  and  shepherds | 1000 0%
community to help
implement these projects?
Q8 | Do you have suggestions | 400 | 60% -
about the project?
If the answer isyes, what are - Encouraging water
these suggestions? harvesting projects in
Qo various regions of Iraq
- Constructing many small
dams to exploit the water
and groundwater recharge
Do you have the desire to -
Q10 | contact governmental or | 8oy | 20%
international institutions to
support the project?
[11.  Research Specialists (form no.3)
Table 4.3 The result of Research Specialists questionnaire
Answer
NO. Question Notices
Yes No
Do you think that water -
harvesting techniques are
Ql |useful to overcome the| 83% | 16.3%
drought in Iraq?
- Administrative corruption
- Lack of rainfal and poor
utilization of it
- Lack of modern techniques to
combat desertification.
Q2 | If theanswer isyes, what are - Modern technologies must be
the reasons? used to avoid wasting water
- Lack of water harvesting
projectsin Missan.
- Missan is not suitable for
water harvesting projects.
Do you think that these -
Q3 | technologies may reduce | 89:1% | 10.9%
desertification in the future?
Did you contribute to -
Q4 | preparing a study on water | 81.7% | 18.3%
harvesting techniques?
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name of the areawas not

Q5 | If theanswer isyes, mention - - mentioned
the name of the study.
Is water harvesting According to the knowledge of the
Q6 | techniques useful for | 95.6% | 4.4% | researchers.
studying climatic changes?
Do you have any suggestions -
Q7 | about water harvesti ng? 36.6% | 63.4%
- Establishing a center for water
harvesting projects
- Support the re-stores of the
If the answer isyes, what are marshes
Q8 these suggestions? - Theuse of modern_tgchnol ogy
to face the water crisis
- Construction of subsurface
dams
- Theexploitation of dry valleys
during the flooding.
Do you think that water -
Q9 | harvesting Projects | 89206 | 10.8%
encourage agricultural
investment and tourism?
- Encourage investment to use
modern irrigation technologies
- Establishing modern villages
. - Drilling wells for ground water
Q10 | !f theanswer isyes, what are - Establishing tourist centers and

these suggestions?

research centers
- Using modern
technologies.

irrigation

V. Shepherds Opinion (face to face interview) form no.4

Table 4.4 The result of Shepherds Opinion questionnaire

NO.

Question

Answer

Yes

No

Notices

Q1

Is there any influence of
water scarcity on the
shepherds life and the
situation of livestock in the
area? How isthat?

100%

0%

Q2

If drinking water is available
in sufficient quantities, does
thishelp in life stability?

98%

2%
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Q3

In the case of designated
lands for grazing, does this
limit overgrazing and thus
control desertification?

70%

30%

Q4

Does overgrazing cases
affect theincrease in feed
prices?

40%

60%

Q5

In the case of establishing
water harvesting projects,
will thisreflect positively on
your animals?

80%

20%

Q6

Isthere arelationship
between the availability of
good water quality and
diseases prevalent among
animals?

95%

5%

Q7

Has the idea of the water
harvesting project been
explained or clarified to you
before?

0%

100%

Q8

If the answer to the question
isyes, by whom?

No answer

Q9

If the local authorities asked
you to cooperate with them
to help, would you agree?

70%

30%

Q10

Do you consider designating
land for grazing as asolution
that helps reduce conflictsin
the area?

80%

20%

V.

Farmers Opinion (face to face interview) form no.5

Table 4.5 The result of Farmers Opinion questionnaire

NO.

Question

Answer

Yes

No

Notices

Q1

Missan eastern desert is
subjected to the flooding
risk, isthere any effect of the
flooding on your farm? And
generd life?

70%

30%

Q2

Did you use a specific
technique to harvest
rainwater and use it for
irrigation?

100%

0%

Q3

What is your source of
water for irrigation?

30% Teeb River
70%
(rainfall+wellst+others)

B
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Q4

Do you pay any money to
get water for irrigation?

80%

20%

Q5

If case theincreasing amount
of water you use for
irrigation, will this affect the
variety and quantity of
crops?

100%

0%

Q6

In case of the water
harvesting projects
contribute to solving the
water crisis, will  this
encourage farmers to turn to
agriculture? And not to leave
their lands for going to
government jobs?

70%

30%

Administrative corruption

Q7

There are wild plants in the
area that are used as
traditional treatments. Can
they be invested in a way
that provides a financia
return for the people in this
area?

95%

5%

Did not matter.

Q8

Have concerned authorities
established water harvesting
projectsin your land?

0%

100%

Q9

Has the idea of the water
harvesting project been
explained or clarified to you
before?

0%

100%

Q10

If the answer to the question
isyes, by whom?

No answer

Q11

If the local authorities asked
you to cooperate with them
to help, would you agree?

60%

40%

The subject needs more
explanation

Q12

Does water scarcity cause
conflicts and problemsin the
area?

100%

0%

Conflicts over grazing
lands
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4.3 Analysing the questionnaire results

The questionnaire results have been summarized and discussed in
tables: 4.6, 4.7, and 4.8.

Table 4.6 Compared key findings between the questionnaire samples:

n
E 0 0 5 %
o 25182 8% b5
The key findings cE %E SSN |[SE| oc
3288 8385 |25 E:
S| 2d o | & o
O w O

The availability of accurate
1 | technical data about water - - - - -
harvesting projects

Presence of specialized
ingtitutions in water harvesting
(to spread awareness or
implementation)

The presence of government
organizations concerned with
water studies or water
harvesting

The availability of aresearch
center specifically concerned
with the issue of water
harvesting

The presence of private or
governmental companies
specialized in water harvesting
projects

Table: 4.7 Compared key findings between governments Institution,
research specialists, and social service organizations:

*5' 2] %) 2
. £S5 |C2 | 585
The key findings c3 % % § 5;3 N
> &
S |x&H g
Preparing a study on water harvesting projectsin
1 | Missan Governorate - | 2L7% -

Organizing introductory and awareness-raising
2 | activities about water harvesting subjects. - - -
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Table 4.8 Compared key findings between categories of project
beneficiaries:

Shepherds Farmers

Thekey findings Opinion Opinion

Water scarcity raises the chance of competition,

1 | conflict, and instability in communitiesin the 100% 100%
study area
Impact of water harvesting project on conflicts

2 | and instability in the area. 100% 100%

Explaining the idea of water harvesting projects
3 by government institutions 0% 0%

According to the questionnaire obtained results, in this study:
1. There is no data, experience, or planning to establish water

harvesting projects.

2. There are no socia service organizations (governmental or private)
specialized in spreading awareness regarding water harvesting.

3. Thereisno futurevision for the establishment of pioneering projects
in thisfield.

4.4 Influence of keyline application on over coming conflicts between
farmers and shepherds

One of the mgor objectives of applying the keyline system is to
develop and deepen soil fertility and overcometherisks of soil erosion. For
example, this strategy deepens the topsoil by about (10 - 15) cm. In the
same way, increase the depth of living soil about (30 - 45) cm. Thisis done
by improving the living conditions of aerobic organisms in the soil from
moisture, warmth, and the supply of protein-rich plants. These types of
plants are considered the best pastures. The method of obtaining good
pastures with fertile soil is summarized: Before flowering, plants rich in
protein are harvested, keeping the roots. Because the roots at this stage of
the plant's life are at their maximum size. Repeating this process ensures
the provision of high-quality pastures with fertile soil protected from
erosion by the upper layer. Finaly, the application of the keyline strategy
can ensure the overcoming of the conflicts between farmers and shepherds.

=
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4.5 Floodwater harvesting in the study area

Based on the previous studies of the study area, the areais at flooding
risk and called (submerged land) Fig.4.2. The study area can be classified
into three sites according to the source of the flood water (Al-Abadi and

Al-Ali, 2016), (Sissakian and Hamid, 2011)

a) Dewerige site/ flooding of Dewerige River.

b) Teeb site/ flooding of Teeb River.

c) Ali-Al-Garbi site/ Torrential waters coming from Iran.

2
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There are no stations for measuring and monitoring theriverslevelsduring
certain periods of the flood, therefore the measurements for calculating the

amount of water as afloodwater harvesting cannot be achieved.

4.6 Rainwater harvesting method

The landscape classification of the four sites were studied by
constructing a topographic map derived by DEM and used depending on
keyline principles (Y eomen techniques). The selected siteswere classified
according to the water lines and topography. The catchment area is
computed, and a suitable structure is suggested. Fig.4.3 show the RWH in
the study area which is selected based on the agricultural map of Missan
Winter 2021.
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4.6.1 Rainwater harvesting sitel

In sitel (Fig.4.4) the main ridge, primary valey were denoted. Then
profiles lines selected through primary valey Fig.(4.6). The results of soil
test (Fig.4.5) sitel explains, that the soil issilty clay, and the siteissuitable
to be catchment area.
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4.6.2 Rainwater harvesting site?

In site2 (Fig.4.7) the main ridge, primary valey were denoted. Then
profiles lines selected through primary valley Fig.(4.9). The results of soil
test (Fig.4.8) site2 explains, that the soil issandy clay and siteissuitableto

be catchment area.
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4 .6.3 Rainwater harvesting site3

In site3 (Fig.4.10) the main ridge, primary valley were denoted. Then
profiles lines selected through primary valley Fig.(4.12). Theresults of soil
test (Fig.4.11) site3 explains, that the soil is silty clay loam, and the siteis

suitable to be an application area.
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4.6.4 Rainwater harvesting site4

In site4 (Fig.4.13) the main ridge, primary valley were denoted. Then
profiles lines selected through primary valley Fig.(4.15). Theresults of soil
test (Fig.4.15) for sitel explains, that the soil is sandy clay, and the siteis

suitable to be catchment area.
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3.7 Calculation of WHSin the area

To classify RWH components in the study area, the area above the
keyline is deemed as a catchment area, whereas the area below the keyline
is an application area (cropping area). The used annual precipitation in
calculations was at normal conditions 200mm and at peak conditions
809mm Table 4.4. Runoff coefficient was determined according to results

of soil texture test (Ternary chart).

Table 4.4 The calculations of RWH quantity in the chosen sites

Sitel
Kevline| RéNfal | Areaof | Rainfal Runoff Soil Runoff
& (m) | valeym?| (md) | coefficient | tYPE | quantity (m?)
2om 0.2 2019670 | 403934 0.67 silty 270635.78
0.8 2019670 | 1615736 0.67 cday | 1082543.12
Site2
o 0.2 7.370 1474 0.63 sandy 928.62
0.8 7,370 5896 0.63 day | 2523488
Site3
100m 0.2 76,200 | 15240 0.57 8686.8
0.8 76,200 60,960 0.57 sillty 34747.2
clay
Som 0.2 79000 15800 0.57 loam 9006
0.8 79000 63200 0.57 36024
Site4
L00m 0.2 124,000 | 24800 067 | gy | 16616
0.8 124,000 | 99200 0.67 clay 66464
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3.8 Suggested structuresin the study area

Based on the topography and landscape analysis of each WH chosen
site, the farm-scale water harvesting structures (details chapter one) has
been suggested Figs.4.16, 4.17, 4.18, and 4.19.

o Sitel: Turkey nest tank / the two sides of embankment make it
perfect to sitel to avoid siltation in reservoir Fig. 4.16.
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Fig.4.16 a The suitable farm scale structure
b. Topographic analysis of sitel
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o Site2: Gully dam /ischosen to site3 because the perfect location
of these type is narrow valley and represent the biggest economic
kind of small damsFig.4.17.
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Fig.4.17 a The suitable farm scale structure
b. Topographic analysis of site?
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o Site3: Gully dam /is chosen to site3 because the perfect location
of these type is narrow valley and represent the biggest economic
kind of small damsFig.4.18.

Pull supply level —_ e

S T B i

AN IRy g e

e L e T ————

b

Fig.4.18 a The suitable farm scale structure
b. Topographic analysis of site3
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o Sited : Hillsde dam / is chosen to site4 because its suitable for

hillside area at right angle with natural contour for maximum yield.

Fig.4.19.
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CHAPTER FIVE

Assessment of previous WH projects

5.1 Introduction

CHAPTER FIVE
The Assessment of previouswater harvesting
project in the study area

The procedure used to evaluate the water harvesting projects in the
study area can be summarized schematically (Fig. 5.1).

The procedure

A 4

Constructed Projects

\ 4

Suggested Projects

Dewerige dam Theold The old canal Ali-Al-Garbi
channel project dams
N
\4 l \ 4 A 4
Gena Al-Chafta Kwaisa Arus Missan

A 4

Assessment of Previous

projects based on being:

o Degenerative

projects

o Generative

projects

0 Regenerative

v

Impact of quarries on the
future redlity of water
harvesting projects in the

area

Fig.5.1 The methodology that was adopted in this chapter
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5.2 Ethical balance

The basisfor initiating the designs of water harvesting projectsisthese
three ethics. earth, people, and future care. It is not limited to this aspect
only but applies to all social systems and aspects. These three elements
were chosen as the core of ethics for ancient civilizations. For example,
water harvesting projects should be designed to serve the economy and the
environment of the region without oppressing the farmers or shepherds.
The commitment to these ethics guarantees successful projects in the

present and safe in the future (Taylor, 2017).

| Care of the earth | Care of the prumr.]c"

‘ Pernsculivre | |

.\,
\

.‘\
N 7
.

Care of the
future

Fig. 5.2 the elements of ethical balance (Taylor, 2017)
5.3 Theprevious project and structuresin the study area
As can be observed, there is no rainwater harvesting projects in the
study area. On the contrary, the existing and planned projects are
floodwater harvesting projects and can be classified as:
1. Suggested projects
Ali Al-Garbi city is situated in the south-eastern of Iraq at 236 km
from Baghdad. It lies between longitude 647869.40 E, 3632560.8N and
latitude 670174.72 E, 3615244.29 E. To avoid frequently flooding risk in
the area, five dam have been proposed (Ministry of water resource, 2021):

B
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The suggested projects in the study area have been shown in Figs.5.3, 5.4,
5.5, and 5.6 with detailsin Table 5.1:

Table 5.1 General properties of proposed dams in the study area (Ministry
of water resource, 2021)

The dams Properties
- Located within Ali-Al-Garbi city.
Kwaisa - 501m far from Iragi lranian border.

- Elevations of dam site rang from (90 — 101) m.
- Typeof soil inthe siteissilty sand.

- Located within Ali-Al-Garbi city.

_ - 650 mfar from Iragi Iranian border.

Arus Missan - Elevations of dam site rang from (98 — 102) m.
- Typeof soil inthe siteissilty sand

- Located within Ali-Al-Garbi city.
- 1293m far from Iragi Iranian border.

Geni - Elevations of dam site rang from (65— 72) m.
- Typeof soil inthe siteissilty sand.

- Located within Ali-Al-Garbi city.

- 1487m far from Iragi Iranian border.

- Elevations of dam site rang from (86— 112) m.
- Typeof soil inthe siteissilty sand.

- Located within Teeb area.
- 1445m far from Iragi Iranian border.
Teeb - Elevations of dam site rang from (56 — 69) m.

- Typeof soil inthe Siteis coarse sand to gravely
sand.

Al-Gafta
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2. Constructed projects:

A. Dewerigedam

Dewerige dam located in southeastern part of Missan province, south of

Irag Fig.5.8.The coordinates of
N3551456.909) - (E746256, N3550931). The general engineering

specifications of dam explains in Table 5.2 and the main geological

problems in Dewerige dam and reservoir illustrated in Figs.5.10, 5.11,

5.12, and 5.13 (Al-Sudani, 2018):

.

-—
B y D - . -
Eoo= ‘NN P o e e A

Fig. 5.8 Dewerige dam in Missan

Table: 5.2 General properties of Dewerige dam

Dam type Gravity small dam (weir)
Dam length 512m
Tota storage capacity | 1,870,000m.3
Operation date 2013 - 2015
Cost 11.370.675.100 1QD
Dewerige dam is a multi-purposes dam,
PU used for flooding control, water storage for
rpose

irrigation projects  and recharge
groundwater.

dam axes are (E746239.862,
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The observed geotechnical problem in this dam (Al-Sudani, 2018):

1.Dispersive soils / are soils that have a high content of sodium, which
causes soil particlesto repel each other and become easily dispersed when
wet. This can lead to soil erosion, poor water drainage, and reduced soil
fertility. Dispersive soils are common in arid and semi-arid regions
(Figs.5.9 and 5.10).

Fig.5.9 Groovesand gullies dispersive soil in left shoulder
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Fig. 5.10 Dispersive soil destroyed structure / abridge (Al-Sudani, 2018)

2.Siltation problem / the amount of siltation in the dam reservoir was like
the initial calculations of diltation in 2009. Siltation decreasing the
economic live time of the dam from 50year to 24 years for one year only,
that isvery dangerousand threatens completely bury to the reservoir in the
next few years Fig.5.11.

Upstream

Fig. 5.11 Siltation problem in dam reservoir (Al-Sudani, 2018)
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3.Sulfate attack / the concrete of dam body exposed to sulfates in down
steam side, by the action of high sdinity ratio in water of Dewerige dam
Figs.5.12 and 5.13.

Fig. 5.12 Sulfates attack in dam body (Al-Sudani, 2018)

Fig. 5.13 Sulfates attack in dam body (Al-Sudani, 2018)
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B. Theold canal project
During studying the areathrough aeria photographs, agroup of water
channels has been observed extending paralel to the borders, aswell asthe
contour lines of the area. In the fieldwork, more details were discovered
about these channels, including they contain parallel paths and silt traps
next to Teeb River. These canals extend on both sides of the Teeb River
and represent the remnants of an important water harvesting and flood
control project. Thetrees planted in the system can be seen, which indicates
that it is a defense line established to combat sand encroachment in the
area. The project has been thought it was established during the seventies
of thelast century with the project of the socialist village of Al-Teeb and it
still exists now. The extension of the project was redrawn using Google
Earth (Fig.5.14).
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Fig. 5.14 The old project extent in the study area
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5.4 Analysis of the old project topography
The length of the canal project is about 300 km along the eastern side of the Missan (Figs.5.15, 5.18, and 5.19). A

set of cross-sections were taken to analyze the topographical aspect of the project (Figs.5.16 and 5.17).
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Fig. 5.16 Slope anaysis of canal path

Fig. 5.15 Topography of canal location
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Fig.5.18 The canal extent by photogrammetry
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Fig.5.19 The canal extent by photogrammetry
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5.5 The Assessment of projects

The engineering projects have been classified into degenerative, generative, and regenerative. According to this

principle, the previous projects in the study area have been assessment table 5.3.

Table 5.3 summarized the assessment of projectsin study area

Project name | The condition | W.H.Stype Main problems Ethical balance | Assessment of projects
Siltation. _
Dewerigedam | Constructed | RWH & FWH | Dispersivesail. does not fulfill i
Piping. the conditions Degenerative
Sulfates attack.
This site is expected to be
exposed to  sltation and : _
Teeb dam Suggested | RWH & FWH | gomesed il (thet dﬁ%‘ nog_fl_J'f'” Degenerative
recommended in the fina the conditions
geotechnical report to Teeb dam)
This site is expected to be
. exposed to  diltation  and .
Ar”zM ISSan | Suggested FWH erodible soil (Ali-Al-Garbi dams dﬁas ”ij.f ulfill Degenerative
am is located in sandy soil next to the conditions
high slope and flooded area)
This site is expected to be
Kuasa dam exposed to  sltation and :
Suggested FWH erodible soil (Ali-Al-Garbi dams dﬁ% nogf ulfill Degenerative
is located in sandy soil next to the conditions
high slope and flooded areq)
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This site is expected to be

AL-Chaftadam exposed to  siltation and :
Suggested FWH erodible soil (Ali-Al-Garbi dams | 90€S not fulfill Degenerative
is located in sandy soil next to the conditions
high slope and flooded area)
G q This site is expected to be
ana dam exposed to  sltation  and :
Suggested FWH erodible soil (Al-Al-Garbi dams | 208 ot fulfill Degenerative
is located in sandy soil next to the conditions
high slope and flooded area)
Its spate irrigation project,
provided by silt trap to avoid .
The old project | Constructed | RWH & FWH | sitation problem. The canal is| (Uil the Regenerative
conditions

extending along the eastern part
of Missan about 300 km length.
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5.6 Impact of quarrieson water harvesting areas

5.6.1 Definition of quarry

A quarry is a place where large amounts of stone, rock, sand, gravel,
or other minerals are extracted from the earth. These materialsaretypically
used in construction or landscaping projects. Quarries are aso known by
other names around the world: 'surface mine', ‘pit’, 'open pit', or ‘opencast
mine' (Fig.5.20). Within the UK, the largest quantity of mineral extracted
by quarrying is used for construction and known as "aggregates" (Brown,
et al., 2011).

Fig.5.20 The two main type of quarries, A. Subsurface quarry
or mine Surface mine or open pit.
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5.6.2 Characteristic of agood quarry

The primary objectives of good quarry design are the safe, efficient,
and profitable extraction of the maximum usable material from the
avallable land whilst causing the minimum environmental disturbance and
resulting in beneficial final restoration and land use (Chesnutt, 1999). The

essential balance and interaction between these objectives areillustrated in

Fig.5.21.

COMMERCIAL
OBJECTIVES

Quarry designs must be capable
of being costed and their
viability and commercial

attractiveness assessed and
optimized a5 part of buzsiness
planning and management.

This can be achieved through
financial rizk-bensfit assezsment,
based on cash flow modelling that
allows for sensitivity analyszis
relating to design assumptions

ENVIRONMENTAL

IMPACT

QUARRY
DESIGN

PROCESS

—

A quarry =hould cause the minimum
of environmental harmm throughout
itz operational life and on closure,
and aim to deliver effective
environmental management and
compliance at operational stage,
and envircnmentally sustainable final
restoration and after-use schemes.

Thiz can be achisved through design
that includes emvironmental
aszezsment as an integral activity
and delivers compliance with
appropriate regulstions, legislation
and best practice.

SAFETY &
OPERATIONAL

EFFICIENCY

A quarry design must be capable
of being practically
implemented, with inherenthy
safe and secure operations and
structures (incleding after
closurs).

This can be achieved through
design that delivers compliance
with appropriate regulations and
best practice and is based on
adeguate reliable information and
analysis.

Fig. 5.21 The process of quarry design (Cohen, 2014)
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5.6.3 Thequarriesin the study area

The study area has many sand and gravel quarries (Fig.5.22). It is

considered important economically as well as scientificaly, as it is

characterized by stratigraphic sequences containing types of rocks and

minerals. We have wide rock detectors, the height of which reaches 20 m

in some areas.
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Fig. 5.22 Distribution of quarriesin study area
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5.7 Impact of quarries on water harvesting areas (topography)

During the final stage of field work and drone photogrammetry, the impact of negative management of quarries can be
observed which changing the area topography, which directly affects the selection and distribution of water harvesting areas
(Figs.5.23 and 5.24).
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Fig. 5.23 Quarriesimpact on distribution of water harvesting area (Site4)
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Fig. 5.24 Quarriesimpact on distribution of water harvesting area
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5.8 Impact of quarrieson extent of canal (the old project)
During the fieldwork and aeria photography of the canal project, the impact of quarries activities and their damages on
the project were observed (Fig.5.25 and 5.26).

Fig. 5.25 Influence of quarries activity on the canal project
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Fig. 5.26 Influence of quarries activity on the canal project
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Conclusions and Recommendations

6.1 Conclusions

1. GIS Technigues and Remote Sensing Results:

The study area is suitable for the establishment of a water harvesting
system, based on the results of the topographical analysis and soil test.
According to Analytical Hierarchy (AHP), the chosen siteswere classified
into five subclasses in terms of water harvesting suitability: very low, low,
medium, high, and very high.
The high efficiency of the photogrammetry through:

a. Obtaining high-quality aerial photographs.

b. Controlling on resolution and scal e based on amount of flight height.

c. Easy to processimagesin ashort time.

d. The cost of the equipment is less compared to the cost of very high-

resolution images.

2. Questionnaire results:

All guestionnaire samples are supportive for water harvesting project and
considered these types of projects as important and crucia to save the
governorate.

Research specialist sample was mentioned to amount of losses in
precipitation in the study area, had been done by evaporation and
infiltration in saline or polluted soil.

Development of agriculture, especially in arid and remote areas, where a
stable source of water is not available.

Protection and recovery of livestock by providing enough potable water,
herbs, and weeds.

Activating the investment and developing water spaces for their role in

improving the climate and tourism reality for the area.
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3. According to the classification of flooding hazard, the suggested projects have
been in high erodible soil within high flooding risk.
4. The classification method of landscapes by the Keyline strategy represents a

major leap in the devel opment of sustainable agriculture permaculture.

5. Assessment of projects and structurein study area

I. Based on soil texture classification of water harvesting components, the soil
typeinthefour sitesis suitable for catchment areathat agree with the location
of the old channdl.

II.  The old canal project includes optimal investment of rainwater and flood
water.
[11.  Selection cropping area( application area) inaway that guaranteesits success
and does not creep sand dunes and limited desertification.
IV. The sdlected sites for suggested project in study area ( Arus Missan, Kuissa,
Al-Gafta, Gena) area characterized by:
a. Sandy soil sites, at high slope area.
b. The conditions of those sites predict problems and obstacles that previousy
occurred in Dewerige Dam.
V. Instead of creating the same threatened sites, the old canal project must be re-
activated.
VI. The presence of old projectsin the study areathat can be used and maintained to

face the water crisisin the area.
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6.2 Recommendations

1. Preparing extensive studies on water harvesting systems because it is the
perfect solution to the problem of the water crisis and preventing the risk of
flooding in the future.

2. Developing the surveying using photogrammetry in the fields of geology in
the future, and we recommend establishing a separate specialty in thisfield,
asit provides services for al disciplines of geology.

3. The necessity of studying the old canal project in detail and trying to find its
documentation as soon as, possible to solve the problem of desertification and
drought in Maysan.

4. Studying theimpact of quarries on the watershed areas, asthey cause achange
in the path of rivers and drainage valleysin the area.

5. Establishing a research center for water harvesting consisting of specialized
researchers and members of specialized departments linked to an executive
authority.

6. Maintenance and investment of the old canal project because it achieves the
ethical balance that related to water harvesting projects.

7. recommendations and suggestions of specialists through the questionnaire are
the following:

a. Inview of the water scarcity that the country faces, it is necessary to
think seriously about all waysto invest in water harvesting projects.

b. That the investment in these projects be approved, and the investor
establishes, operates, and maintains these projects to avoid the
problems of state funding for projects that are not optimally exploited
and end up with extinction.
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c. The maintenance of the old cana project, which extends along the
eastern region of Maysan, will encourage the construction of modern

villages, research centers, and natural reserves.
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