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ABSTRACT

Water shortage is one of the crucial problems in Sulaimania city which issued as a result
of population growth, climate changes, water overuse and other reasons. To minimize this issue,
decentralized wastewater treatment units (DWWTUSs) proposed in this research which are
efficient, affordable and are easy to install and operate and the treated wastewater will be reused
for the irrigation of the green areas of the city. Moreover, there is no wastewater treatment plant
in Sulaimania city and the wastewater is discharged directly to Qilyasan stream through several
outlet points, and that causes many critical environmental issues. The selected treatment type is
activated sludge extended aeration (EA) package treatment plant.

One of the main objectives of this study was to select the best and suitable locations for
those DWWTUs. Preliminary 134 nominated areas (NA) were selected at different locations
across the city based on general location’s suitability. A model was developed to evaluate and
optimize the NAs using GIS software integrated with Analytical Hierarchy Process (AHP). Five
criteria were used the model; (1) the size of available lands, (2) the distance from the DWWTUs
to the GRs, (3) population density around the DWWTUs locations, (4) the slope of the land and
(5) the depth of the main existing sewer pipe at the NA. Moreover, the model adopted two
restriction factors; (1) the distance from the DWWTUs to the buildings should not be less than
30 m, and (2) the distance between the sewer main boxes and the DWWTUs is < 50 m. From the
results of the analysis 6 different classes of suitability levels of the NAs are produced starting
from restricted to extremely suitable level.

Each NA has more than one suitability class level. Normalized weighted average
(NWAV) of the suitability level % of each NA was found. Areas having NWAYV less than 0.5
were eliminated and in conclusion, only 31 suitable locations were selected from the 134 NAs.

The second aim of this study is to develop an optimization model to find the least cost
(Fomin) of treating and conveying the reclaimed water from the DWWTUs to the GRs. The cost
includes the construction, operation, and maintenance of the DWWTUs, cost of pumping the
reclaimed water, and cost of the conveying pipe networks. The number of GRs are 827 with
different sizes and total area of 4.74 Km®. The reclaimed water conveyed to the GRs through
piping networks, which are either gravity flow pipes or pressurized flow pipes based on the
magnitude of the pipe head loss and the topography of the locations.

A transportation matrix model of size [31x827] was developed to find the optimum cost
of conveying the reclaimed flow from the DWWTUs (origin) to the GRs (destinations). The
shortest pipe lengths and best routes were found using Network Analysis - OD Cost Matrix
method in ArcGIS 10.2. The elevations of the DWWTUs’ locations and the GRs were found
from the GIS DTM map.

Genetic Algorithm (GA) in a matrix representation form was used to solve the
optimization model using a developed Matlab 2018a software program code. A random number
of solutions (Np = 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000) were created based on
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different amounts of treated flows, and each solution represents a chromosome. For all NP value,
three runs and four iterations were tried. The minimum NP size that produces stable optimum
results found at NP = 500. Different locations of crossover point (PCO) examined to achieve the
minimum cost value F,,;, The optimum minimum cost found at NP = 500 and PCO = 632.

Based on the results of the least value of the objective function (F;) , the optimum
capacities of the 31 DWWTUs were obtained, and they were ranged from 150 m’/day to 2,100
m’/day with an entire treated flow was found to be 26,150 m’/day.

The sludge produced from the DWWTUs were digested in aerobic digesters and
transported to a one sand drying bed. Suitable location for the sand drying bed was selected at
south west of Sulaimania city.
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Chapter One Introduction

Chapter One
Introduction

1.1 General

Lack of water nowadays is one of the global issues all over the world and
there are many reasons behind that such as; population growth, urbanization,
climate changes, water overuse, water pollution, and struggles between
countries to dominate water sources. On the other hand, there are many
demands of water in each community like; domestic, commercial and
institutional, irrigation, agricultural, firefighting, street washing, industrial
uses, loses and others (J.McGhee, 1999, p. 11). There is no balance between
demand and supply and new scales are required, that will be by the use of
advanced technologies and managements which must be applied to the
education, environment, and establishment. (Pereira, et al., 2002, p. 9).

There are many suggestions to solve the problem of water shortage, for
instance, controlling the water losses and non-useful water, promoting
groundwater recharging, water gathering like building small dams, and
reusing of treated wastewater water. Savoury water, brackish water,
agricultural drainage water, toxic water and deposits, as well as treated or
untreated sewage effluents are defined as wastewater (Pereira, et al., 2002, p. 13).
Reusing of domestic treated wastewater is one of the effective methods that
contribute in covering the water requirements of indirect human water uses.

Decentralized wastewater treatment system is considered as a good
alternative for water reusing. Decentralization may be defined as the
collection, treatment, disposal or reuse of wastewater at or near points of
production. It is used to treat wastewaters that are produced from homes,
gathers of houses, separated communities, and industrial areas and from other
communities’ portions (Techobanoglous, 1998, p. 2).While centralized treatment
plants require conveying wastewater from large areas to one large plant.
DWWTUs are installed inside the city and their costs are less than the costs of
centralized treatment units as their sizes are small and they do not need long
pipes for conveying the treated wastewater. Moreover, the sizes of the pipes
are not large as small amounts of reclaimed water will be conveyed and there
1s no need to use large sewer collection pipes.

Wide ranges of treated wastewater reusing options for small and
decentralized wastewater systems are exist. The reusing purpose of the
reclaimed water from the decentralized treatment unit will specify the
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Chapter One Introduction

locations, sizes and the treatment method. Landscape irrigation are the most
common forms of water reusing which includes irrigation of : (1) parks, (2)
school yards (3) golf course, (4) freeway medians, (5) cemetery, (6) green
belts and (7) residential areas (Eddy, 2014, p. 1143).

The optimum design of the DWWTUs will be obtained at maximum
benefits of reusing and minimum costs of treatment and conveying the
reclaimed water. It is required to select proper locations of the treatment units
and select suitable treatment unit’s system, type and capacity. There are many
factors that should be considered when selecting the locations like
environmental, economical, technical, social criteria and health precautions.
GIS could be used to select the best location of the treatment units.

1.2 Statement of the Problem

This study 1is carried out in Sulaimania City which located in North of
Iraq and it consists of four suburbs; Main suburbs, Bakrajo, Rapareen and
Tasloja (GDOSM-GIS, 2017) and the research is done for Sulaimania main
suburb .The study area suffers from lack of water for domestic demand,
irrigation and other usages. There are three main sources of water in
Sulaimania City which are; (1) Sarchinar natural springs, located 5 Km
northwest of the center of the city,(2) Dukan lake and (3) water wells in
Sulaimania City which are belong to Directorate of Water of Sulaimania and
there are many private wells also ( Sharief, 2013, pp. (15 - 20)). The amounts of
water that delivered from the sources mentioned are not sufficient to cover all
the city’s requirements (DOWS, 2017). There are many reasons of the water
crisis in the study areas like the rapid expansion of the city as the number of
districts at the main suburb was 78 at 2003 (Seureca, 2003, pp. Annex 1 - (1- 4))
and now the number became 156 districts (GDOSM-GIS, 2017). Moreover, many
big villages recently became part of the city such as; Kanaswra, Kani Goma,
Qaratoghan, Hawana, Kani Bardina, Khewata and Kalakn (GDOSM-GIS, 2017).
Those villages are currently supplied with water from the city as well.

In addition to that because of the political reasons after 2003 and 2014
immigrations from the surrounding areas to the city occurred and that also
increased the water demand. One of the other important factor is the climate
changes in the area, which recently shows increasing in temperature that
effects on the amount of precipitation ( Al-Ansari, et al., 2018, p. 48).

Reusing the treated wastewater of the city is one of the possible ways to
solve the problem of water shortage. There is no wastewater treatment plant in
Sulaimania City and all the sewage is discharged into Qilyasan Stream
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directly without treatment. The sewer network of the city is divided into 10
separate groups and the flow from each group is discharged through outlets to
Qilyasan Stream. Fig.(1.1) shows the outlets of two sewer boxes in the study
area. DWWTUs are suggested at different places in the city and the treated
wastewater will be reused for irrigating the green areas near the units. Also
treating the wastewater will reduce the pollution of Qilyasan Stream.
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Fig.(1.1): The Locations of Two Sewage Outlets in the Study Area, Outlet 1 and 2
in Awabaraw Asha Spi 418 Sub-Districts, (Researcher)
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Figs. (1.2) and (1.3) show the outlets of the sewer boxes in two different
districts in Sulaimania city (Awabara and Gwndi Kanaswra).

Flg (1. 2) Double Sewer Box Outlet in Flg (1. 3) Sewer Box Outlet in Gwndi
Awabara Sub- District, (Researcher) Kanaswra, (Researcher)

There are many green areas in Sulaimania City which are in a form of
big green parks, located in the road medians, inside the residential areas and
residential complexes. The green areas suffer from lack of water as it depends
mainly on wells inside some of the areas. Other green areas receive water by
trucks (GDOSM-Gardens, 2017). To cover the water shortage in the green areas
reclaimed water from treated wastewater could be a good option for irrigation
purposes.

To get the maximum benefit from the DWWTUs it is required to
specify the optimum sizes of the units and their proper locations inside the
city. The suitable locations will have an effect on the method and cost of
conveying the treated water to the green areas.

1.3 The Objectives of the Study:
The main aims of this study are:

1. Find optimum locations and numbers of the DWWTUs for Sulaimania
City as a case study and to be used for irrigation purposes using GIS
and AHP.

2. Determine optimum cost of the treatment units and the conveying cost
of the reclaimed water to the irrigation areas. Moreover, specifying the
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optimum size of each DWWTU for the maximum benefit using
optimization transportation model and GA.

3. Design treatment processes of the produced sludge from the
DWWTUs.

1.4 Scope of the Work
Several steps were done to achieve the work aims as in below:

a.

Site investigations and authority representative visits and interviews
were done to collect data and information related to the sewerage
and water systems, population, GIS maps and study of the green
areas.

Correct some GIS maps of the green areas, main sewer boxes and
add missed drawings from as built drawings with the corporation of
the Project Executive Department of Sulaimania Municipality.
Moreover, adding all the information related to the sewer box into
the GIS attribute file such as; the boxes dimensions, depths, slopes
and the hydraulic elements.

Estimating the water demand of the GRs by collecting information
from the Directorate of the Gardens of Sulaimania City related to the
GR size and locations.

A number of DWWTUs were suggested inside Sulaimania City to
solve the problem of water scarcity by reusing the treated water for
irrigating the green areas. GIS models were accomplished to find the
optimum number and best locations of the DWWTUs

Network analysis — OD matrix GIS model is used to find the best
paths of the supplying pipes from the DWWTUs to the GRs.

Using a matrix form of GA optimization model to find the best sizes
of the DWWTUs that have a minim cost. Sensitivity analysis was
done by changing the population number NP for different PCO
locations to find the stable solution.

A preliminary design of the DWWTUs were done and a location was
suggested for the sludge drying beds in the city using GIS map.
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1.5 The Novelty of the Work:
The novelty of this research could be categorized as in below:

1. In this research, a new optimization model with an original objective
function was developed that coupled a matrix GA and GIS to find the
best locations and sizes of the DWWTU .

2. The size of the transportation array that used in the GA model is large
and it is a first time that such matrix scale to be used in GA.

3. Moreover, the crossover method in the mating process was done by
column to satisfy the constraint and the process was coded in Matlab
program.

4. In addition, GIS — Network Analysis OD Matrix tool is used for the first
time in finding the best path rout of pipe networks.

1.6 The Thesis Layout:

The layout of the thesis divided into six chapters and two appendices (A
and B). Chapter one is the introduction chapter and chapter two is the
literature review chapter which shows the previous works of other researchers
related to optimization methods of wastewater treatment plants, reusing of
wastewater and the sludge treatments. Chapter three is about the Theoretical
Concepts of the work and it explains the applications of GIS, Transportation
model and GA in solving the model.

Chapter four consists of four major parts which are; (1) finding the
suitable locations of the DWWTUs in the study area using GIS and AHP, (2)
finding the optimum numbers and sizes of the DWWTUs to be reused for
irrigating the green areas of the study area using transportation model and GA,
(3) designing the dimensions of the treatment units and (4) treating the sludge
that produced from each unit. Chapter five is related to Results and discussion.
Chapter six 1s about the conclusion of the results and the recommendations for
future work as well as the publications related to the study.
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Chapter Two
Literature Review

2.1 Introduction

Many studies have been done related to DWWTUs all over the world
from many perspectives and some of the studies adopted the theoretical side
and other researches implemented practical works. This chapter will focus on
previous literatures related to cost optimization models of wastewater
treatment units and reclaimed water conveying, using GIS in selecting suitable
locations for the treatment unit locations, reusing of the treated wastewater
researches, wastewater treatment technologies and sludge treatment methods.

2.2 Wastewater in Sulaimania City

In Sulaimania City there is no wastewater treatment plant and the
sewage 1s discharge directly to Qilyasan Stream through a number of sewer
box outlets without treatment which causes many environmental pollutions.
(Rasheed, 2017) tested the wastewater flow from nine outlets and they found
that the wastewater contains many contaminates such as heavy metals with
concentrations exceeding the allowable limits of environmental regulations.
The amount of BOD and COD that they found were (66.75 — 79.5) mg/L and
(65 — 116) mg/L respectively. Another study in Sulaimania City was
performed by (Amin, 2018) to find the quality of the wastewater in three
different places. The results showed that the BOD values ranged from (15 —
58) mg/L and COD ranged from (10 -110) mg/L and regarding the TSS it was
(84-284) mg/L.

2.3 Wastewater Treatment

Sewerage systems were developed to collect and remove wastewaters
from the sources to a safe disposal point. The treatment system could be
centralized or decentralized and in centralized treatment, it is required to
transmit wastewater from a large area to one large treatment plant. While
decentralization is defined as the gathering, treatment, and reuse of wastewater
at or near its source of generation (Techobanoglous, 1998, p. 39).
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2.3.1 Decentralized Wastewater Treatment

Many technologies used in DWWTUs, which depend on influent
quality and effluent requirements. There are many benefits in using DWWTUs
as they are economic, have flexibility of construction, operation and
maintenance and the treated wastewater could be reused easily for many
purposes. Decentralization has proceed from the needs of reclamation and
cities expansion and most of the previous work suggests that it is more of a
recent demand. Various researches were done to evaluate methods of
treatments and reclaimed water reusing. (Singh, 2015) reviewed a list of
implemented full-scale DWWTUs all over the world in terms of their
technology and performance, area required and cost of construction, operation
and maintenance. Four main types of DWW technologies were categorized;
(1) natural treatment system, (2) aerobic treatment system, (3) anaerobic
treatment system, and (4) combined (aerobic, anaerobic and natural) system.
Examples for existing plants were given for each type and comparisons were
made between them. It was found that natural method had low cost, low
energy consuming, satisfied effluent quality but it requires large area and high
hydraulic retention time (HRT). Aerobic system was more efficient and needs
less HRT, the starting time was (2 - 4) weeks, small footprint was required, no
odor released, and small amount of produced sludge, but it needed high energy
and high operation skills. The effluents from anaerobic system were not
efficient, produce odor and it took (3 - 4) months to start up which was a long
period. Meanwhile, (Shehabi, 2012) made an evaluation of existing centralized
and decentralized wastewater treatment systems in California in terms of
treatment and distribution processes, water reuse, energy recovery and gas
emission from the treatment process. The decentralized system consisted of
septic tanks that used for 47—lots suburb subdivision of Stonehurst in Martinez
City (California) with capacity of 5.7 m’ for each lot. The effluent from each
septic tank was transported through sewer pipes of 5 cm diameter (gravity
pipelines or pressurized pipelines) to a community treatment plant. The
treatment plant consisted of; a recirculating sand filter, disinfection by ultra -
violet (UV), pumping units and dosing tank. The reclaimed water was
conveyed to community soil absorption area of 10,000 m® . Moreover, the
treated wastewater used for irrigation using subsurface drip system for a small
park. Desludging process were done each 5 years and the produced sludge
were anaerobically digested and dewatered then disposed in landfills. The
centralized treatment unit was utilized for 500,000 capita and conventional
wastewater treatment was used. The results showed that the energy required
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for decentralized system operation is seven times more the energy required for
centralized system. The DWWTU scheme was considered as low technology
design as operation system required significant -electricity. Moreover,
concentrations of greenhouse gas emission expressed in CO2 emission was
much higher in DWWTU because of the anaerobic reaction, which produces
methane gas.

2.3.2 Centralized Wastewater Treatment

Centralized wastewater treatment, widely practiced in developed areas,
involves transporting wastewater from large urban or industrial areas to a
large capacity plant using a single network of sewers. (Arslan, , 2007) listed the
existing urban UWWTPs in Turkey. Only 43 Governorate had WWTP out of
81 and the number of plants that were operating was 129 WWTPs. Three of
those plants were in big industrial areas. The effluents from the WWTP were
discharged both into coastal water and into inland water or disposed over land.
The study focused on four selected WWTPs and samples were taken from the
influent and effluent of the plants to be analyzed and the performance of the
plants were evaluated based on their capacity, treatment technique and
discharge method and reusing potential. The treatment method of the first
WWTP was activated sludge with treatment capacity of 1,350 m’/day and the
second WWTP’s design was activated sludge followed by oxic and anoxic
zones with a capacity of 100,000 m’/day. Both treatment plants discharged
their flow into a river. The other two WWTPs had tertiary treatment systems
with nitrogen and phosphorus removal and their capacities were 110,000
m’/day and 227,000 m’/day. The effluents of the two WWTPs were
discharged into the Black Sea and the Mediterranean Sea respectively. The
results of the experiment analysis of the four WWTPs showed that the plants
were operating efficiently in terms of percentage of removal of organic
matters and sulfate. According to the National Irrigation Water Quality in
Turkey for water reusing standards, the effluents from each plant in the study
were evaluated and it was clear that none of the plants were suitable for
irrigation because of fecal coliform’s values as there was no disinfection in the
plants. The authors recommended to apply disinfection units in the treatment
process to get suitable water for reusing for irrigation.

(Al-Shammari, 2019) evaluated the performance of Jahar EA treatment
plant in Kuwait with a capacity of 65,000 m’/day. The plant consists of
equalization basin, grit removal chamber, 6 aeration tanks, 6 secondary
clarifiers, chlorination and filtration. The evaluation was done by taking
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weekly samples from the influent and effluent of the EA plant lines for a
duration of 12 months to assess the quality of the treated wastewater. The
samples were tested and the collected data were statically analyzed. The
results showed that the plant had a high efficiency performance for the
removal of BOD, COD and TSS with a percentages equal to 85%, 81% and
86.3 % respectively.

2.4 Land Suitability Selection Using GIS

Site selections can be successfully achieved by decision analysis tool
used in GIS. (Meinzinger, 2003) selected suitable locations to use Land
Application Method for a treated sewage produced from a wastewater
treatment plant in Christchurch City in New Zealand which had a flow of
630,000 m’/day by using GIS. The nominated areas to be evaluated and
analyzed using GIS were located in Christchurch City and three other
neighboring regions. This method is very effective for water reusing for
agricultural purposes. The selection was based on a number of factors which
were; (1) social acceptability, (2) land use by using land cover database to
specify areas where a land application for wastewater is possible , keeping
residential areas far from the selected sites by applying a buffer layer of 150 m
from the buildings , historic places were excluded and, transport distance from
the site to the treatment plant was considered as a critical factor in the ranking
process,(3) soil ; soil types, depth (> 0.6 m was selected) and pH (5.5 — 8.3),
(4) economic criteria, (5) climate, (6) the land slope (in DEM map slope >
35% was excluded), (7) environmental factors related to surface water
pollution and groundwater table > Im. The criteria above were weighted and
introduced into the GIS. The results of the GIS were illustrated in a raster map
showed the suitable lands for the application of the method. Additional
selections were made from the selected suitable land results for areas >
(16,000) ha, as a minimum requirement and in conclusion, four suitable lands
were founded in the study area.

(Deepa, 2012) used GIS with AHP to build a multi -criterion model to
find Cumulative Suitability Index (CSI) to select suitable locations for
DWWTUs in Chennai City in India, the study area was 118 Km®”. The authors
selected six parameters (layers in GIS) for determination of suitable sites,
which were: (1) land use (land availability), (2) population density, (3) soil
type, (4) slope, (5) cost and (6) technology. The parameters were weighted by
using AHP method and the results are shown in table (2.1).
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Table (2.1): The Weights of the Six Layers, (Deepa, 2012)
Layer Land Use Slope | Population | Soil | Cost | Technology
Weight % 26 26 26 8 9 5

In the GIS, each layer was ranked by using re-classification process. The
weights of the parameters were used in the GIS model by using Weighted
Overlying Analytical tool and the CSI was calculated by applying the formula
below:

CSI = [Weights (AHP) x Rank (GIS)] (2.12)

As a result the city was classified into three suitability levels: high potential
21.707%, moderate potential 30.89% and law potential 47.40%.

(Gemitzi, 2007) used GIS for siting areas for stabilization pond system
(SP) to be used for treatment of wastewater of rural areas in 36 municipalities
in Thrace (Northeast Greece), in which septic tanks were used to collect the
sewage. The factors that considered in the selection methodology were; (1)
environmental criteria, (2) land topography, slope of more than 5% was not
taken , (3) land use which was classified into two types; non-forest areas, and
grass areas while the remaining parts were dense forest areas which was
rejected, (4) geological formation, the region was classified into aquifer and
aquitard areas and the first class was excluded from the selection to prevent
groundwater pollution, (5) distance from the SP units to the major rivers and
lakes was equal to 500 m, (6) distance to the existing cities and villages was >
500 m to keep pollutant away from residents, (7) temperature, (8) existence of
environmentally protected areas, (9) population ,(10) the distance to existing
roads and railways from the SP system was equal to 300 m, and (11) effluent
characteristics. The factors mentioned above were applied into GIS software
to analyze the variables. The results showed the suitable areas as Km® and as a
percentage of total municipality area and it was illustrated in a raster map. In
conclusion, this method was fast, simple and effective to find the specific
locations for the SP units.

2.5 Optimization Models of Wastewater Treatment Systems

Many optimization models are applied widely in decentralized
wastewater systems to find minimum costs and get highest benefits from the
reclaimed treated wastewater reusing. (Naik, 2014) developed an optimization
model using GA to find optimum design arrangements of DWWTUs in terms
of optimum locations and number of treatment units. The parameters that been
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considered in the objective function were; construction and operation costs of
the treatment units, construction cost of the collection and reclamation pipes
and cost of water lifting .The method consisted of dividing a particular area
into grids of 16 cells in which the DWWTUs were located and connected to
sewer collecting pipes in addition to the reclaimed water network. The model
consisted of a number of algorithms which were road network, DWWTUs
cost, junction mapping, sewer link design, flow ratio, hydraulic iteration,
minimum slope check and reclamation link design. The optimum solution was
obtained when 8 DWWTUs were used .The details are shown in Fig. (2.1). In
addition, the same work was done by using one centralized treatment unit and
the results showed that the cost of the decentralized system was 1.5 million $
less than the centralized system, because of the long distances of the
reclamation pipes of the centralized units as shown in Fig.(2.2).
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Fig. (2.1): The Results of the 8 DWWTUs (Naik, , 2014)
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Fig.(2.2): The Results of One Centralized Wastewater Treatment Unit
(Naik, , 2014)
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(Hortua, 2009) presented a mathematical model to optimize direct
recycle-reuse networks together with wastewater treatment processes. The
model was used to minimize the annual cost of the system, which includes the
cost of the treatment and piping using disjunctive programming formulation.
The methodology of the work used a number of fresh water sources mixed
with a number of wastewater sources both had a specified flow rate,
composition and properties. The mixed flow will be discharged into a set of
treatment units (centralized or decentralized) called sink points in which the
wastewater will be treated and reused. The model was subjected to constraints
related to environmental restrictions and amount of reused flow. A portion of
wastewater will be treated while the remaining will be discharged into a
stream waste and also a percentage of fresh water will be utilized in the
method .The method was applied on a case study using two scenarios (A and
B). In scenario A environmental constraints were not included while in
scenario B the environmental constraints were considered.

(Brand, 2011) generated an optimization model using GA to minimize the
capital and operation costs of regional wastewater treatment system. The
model structure links the wastewater source, the pipeline network to convey
the wastewater, the treatment units and the final disposal site. The algorithm
search for the optimum pipe diameters, flow, number of treatment units and
locations, the pump power and the required excavation works. Empirical
equations were adopted to find each individual cost as shown below:

(1) Construction cost of pressurized pipelines
Cpp=382.5D,' L 2.1)

Where:

Cpp  Pipeline construction cost, $

D,  Pipeline diameter (pumping line), cm
L Pipe length, Km

(2) Construction cost of gravity pipelines
Shallow excavation, for H/ <4 m
HI?- Cp

=216 D57 L+7 =~ L, (2.2)

Deep excavation, for H/ >4 m
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bﬂzcﬁm HI*-Cry,
C,=21.6 D770 L+7 ——2in 20y Lw 10 [LCmm+ (J Js) - 2(J-Jy) ILw
2.3)

Where:

C; annual gravitational pipeline construction cost, $/year

D,  pipeline diameter (gravitational pipe), cm

HI  least excavation cost depth, m

C,ix minimum pipeline depth, m

L, pipe excavation width, m

J, J;  gravitational required pipeline slope and soil slope respectively.

(3)Pump construction cost
C;=64920 P "= 64920 [3.454 Ah Q + 6409 (0% Dy *87 L)] " (2.4)
(4)Pump energy cost

EC HR
1000

[3.454 4h Q + 6409 (O D;*57 L)] (2.5)

4=

Where:

C;  Annual pumping construction cost, $/year
C, Annual pump energy cost, $/year

P Pump power, W

Ah  Total head loss of the pipe, m

0 Flow of the pipe, m’/hr

D,  Pipe diameter (pressurized pipe), cm

EC  Energy cost, $/Kw.hr

HR  Number of annual operation hours, hr/year

(5) Treatment plant construction cost
Cs = 85825 Q%7 + 1000 O (2.6)

Where:
Cs  Annual treatment plant construction cost, $/year
Or  Treated flow, m’/hr
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The model applied on an example which consists of two cities
connected through four optional gravitational and pumping pipelines to three
possible treatment plants. The three treatment units are further connected to a
central collection point through three gravitational pipelines. The optimum
solution was found when using one treatment plant which receive the flow
from city 1 through one pressurized pipe and city 2 through one gravitational
pipes. The cost for the construction of the treatment unit was 83.3 % of the
total cost.

(Rathnayake, 2012) studied the effects of the pollutant loads from
combined sewer overflow (CSOs) on water bodies. They developed a multi —
criteria optimization model to control the wastewater system from urban areas.
The model consisted of two objective functions, the first one aimed to
minimize the pollution load and the second function was to minimize the cost
of the treatment plant. Calculations of pollution load to receiving water from
the CSOs and a full hydraulic simulation was carried out. Effluent quality
index (EQI) in Kg/day was formulated to evaluate the pollutant load on the
received water body. Wastewater treatment cost was calculated using generic
cost function and they took into account different amount of flow scenarios as
shown below:

C =916.862 x (86400 x V)"’ (V< 3DWF) (2.7a)
C =916.862 x 3DWF)"%° + § (1.69(V — 3DWF) + 11376), (6DWF < V<3DWF)
(2.7b)
C =916.862 x 3DWF)""° + g ((1.69 x 3DWF) + 11376), (V> 6DWF)
(2.7¢)
Where:
C Total wastewater treatment plant cost (construction and M&O) £/year
V Treatment flow rate in m>/sec

DWF  Dry weather flow in m*/sec

NSGA II was used to minimize EQI and C and the feasible solution was found
with a mutation probability of 0.6.

(Velez, 2012) developed a multi objective optimization model used in the
southern part of Cali City in Colombia to find the optimum design of an urban
sewer network, activated sludge WWTP impact of the effluent on Lili River
and minimum flood volume during WWF. The optimization of the sewer
network can be considered as a multi —objective optimization in which the aim
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was to find the combination of pipe diameter, storage volume and pumping
flow that minimize the flooding, the pollution impacts and the cost of the
system. The formulation of the objective function of the optimum design of
the sewer network was as in below:

MinF= {fTFlood, prollutiom fTCost } (28)

The cost objective function was equal to the cost of the sewer network and the
cost of the storage estimated as shown in Eq. (2.9)

Teon = Ty Cui+ T2 Cud, (2.9)

Where:
Cu;L; : Total cost of the pipe network (excavation cost in €/m, cost of
pipe supply in €/m and cost of manhole in €/unit).

Cu.A;:

A Total cost of storage, €/m

The selected Algorithm was NSGA II and the results showed that it was
possible to optimize the sewer network design and reduce the cost on average
up to 15% when compare with the pre-designed system, maintaining the same
level of protection against flooding.

(Gillot, 2004) presented an optimization model to find objective economic
index of the capital and operation costs of a WWTP. In this paper the cost
equation was standardized to compare different treatment scenarios. The total
cost of the WWTP was found by using present worth method. The cost model
was applied on a design phase of an industrial WWTP, which consisted of
activated sludge treatment system and biological nitrogen removal. WAST++
(Wastewater Treatment plant) simulator was used and two sets of maximum
expecting loads rates were applied (Maximum 1 and 2). Two reactor sizes
were determined and the investment cost of the larger one was 5% higher. The
costs of the two alternatives were compared and the results showed that both
reactor sizes reached the required effluent standards. The cost was increased
when the flow increased for both sizes and the results showed that the cost
will be less and more economical for larger plants especially for maximum
flows.

(Chen R., 2009) developed a net benefit value (NBV) model to evaluate
the cost — benefit of DWWTUs and reusing. Three main cost parameters were
taken; construction cost of the treatment unit and the cost of piping C,, cost of
operation C,, and cost of maintenance C;. On the other hand, three main
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benefits were introduced in the model; water reuse B1, decreasing number of
labors in case of using decentralized system instead of centralized units B2,
and benefit to environment B3 . The net benefit value equation is shown
below:

Where:

NBV: Net benefit value

B;: Benefit value of item i
C;: Cost value of item i

The model was applied on a case study of a DWWTP in a residential
area in Xi’an, China. The wastewater were collected in two separate pipes,
one for black water which was treated in a septic tank and the greywater was
collected in the other pipe to be treated and reused for gardening, artificial
pond refilling and other uses. Two scenarios were applied; Scenario 1 the
reusing was for irrigation only and, Scenario 2 the reusing was for irrigation
and for the replacement of the artificial pond. Moreover, two sets of cost —
benefit evaluation were considered; one by ignoring the environmental
benefits B3 and the second evaluation was by including B3. The results
showed that when considering the environmental benefit B3 the NBV of
scenario 2 was greater than scenario 1, also when B3 was not considered the
NBYV for scenario 1 was < 0 which means that the total cost was greater than
the total benefit.

(Igbal, 2009) carried out a mulita-objective optimization model for an
operating WWTP using GA. The treatment plant that used was a typical
completely mixed activated sludge model with EA system having influent
flow rate equal to 1,500 m’/day. The study adopted two optimization
approaches; the first consisted of one objective function to calculate the
kinetic parameters of the activated sludge. The second consisted of 5
optimization scenarios to enhance the operation of the treatment plant and it
consisted of three objective functions which were; maximizing the influent
amount, minimizing the effluent pollutants BOD and minimizing the operation
cost of the plant. Flow from Jharkhand, India WWTP’s data were used and a
number of decision variables were taken. For the second optimization
approach (operation optimization) the cost equation below was used by
applying 5 scenarios of objective functions as follows:

17)



Chapter Two Literature Review

OC = [CrspQAP] + [CSRP-IQr2+ Csrp-20,F Cspp.3] + [Cupr 10+ Cupr2]  (2.11)

Where:

OcC: Operation cost, $/day

AP: Discharge raw sewage pump pressure, m

0, Sludge recirculation rate, m*/day

Cugri: First cost coefficient associated with the sludge recirculation
pump, $

Cygro: Second cost coefficient associated with the sludge recirculation
pump, $

Crsp: Cost coefficient associated with the raw sewage pump

Crsp ;- First cost coefficient associated with the mechanical aerators.

Crspo: Second cost coefficient associated with the mechanical aerators

Crsp 3- Third cost coefficient associated with the mechanical aerators

NSGA-II was applied to optimize the objective functions. Optimum
values of kinetic parameters were obtained which had been used in the
equations of the operation optimization costs.

(Ansari, 2017) used AHP using Expert Choice 11 software to select
suitable locations of DWWTUs in Qom city in Iran. The criteria that been
selected were :(1) population density, (2) slope, (3) land use, and (4) reuse,
with regard to the environmental, economic, and social conditions of Qom. In
addition, they sub- classed each criterion into further classes. Four suitable
locations were found in Qom city to be used for DWWTUs.

(Engin, 2006) created a methodology to calculate the cost of wastewater
treatment of small communities. They applied three scenarios for their work
and they selected Gebza town and 22 surrounding villages in Turkey as a case
study. The three scenarios were; Scenario 1, they used classical sewer and
WWTP system in which the wastewater collected and conveyed to a big
WWTP within a distance equal to 25 Km. Scenario 2, they adopted cluster
system and used septic tanks for each house hold in the community and
transfer the sewage to a large WWTP located within 25 Km. Scenario 3, they
used individual package treatment system for each small community. The cost
calculation for the three scenarios was based on the distances from those
villages to the treatment plant and on the time life of the projects staring from
1 year to 25 years. The elements that considered for each scenario were the
costs of; the sewer network construction, the treatment unit, the package
treatment system and the operation and maintenance. The results of the first
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and second cases showed that total cost increasing with increasing time and
distance. For case three, there was no effect of distance on the cost. The
results also showed that the clustered system could be efficient if the distance
will be equal or less than 7 Km and the operating time do not exceed 20 years.
A second analysis was done by keeping the time constant and they only
changed the distance from the main sewer to the treatment units. They found
the distance that gave the lowest cost for each case.

(Dodane, 2012) made a study in Dakar, Senegal about their wastewater
treatment and they calculated the cost of operation and construction of the two
existing systems; parallel sewer base system SB (centralized system) and fecal
sludge management system FSM (decentralized system). In the SB system the
capital cost of all components were calculated such as; house hold
connections, cost of the network system, pump station and treatment plant.
The annual operation cost was taken from records. Moreover, some products
released from the treatment process and had been considered in the cost
calculations such as; the reclaimed water used for irrigation, the bio-solid used
for soil conditioning and the methane gas captured to be used for energy. In
the FSM system the capital cost of all components were calculated such as;
costs of septic tanks and vacuum truck for transporting the produced sludge.
The operation cost was for emptying the septic tank. Moreover, the benefits
from reusing the materials that produced from the treatment process were
considered in addition to the fees that paid by the householders. For both
systems cost of the sludge processing was considered, which consisted of
settling thickening tanks followed unplanted beds, with effluent going to a
WWTP. The results showed that annual cost of the SB is much higher than the
annual cost of the FSM.

(Hernandez-Sancho, 2011) developed cost models of different WWTPs
using statistical data of 341 treatment units in Spain. The cost equations were
as a function of the capacity of the plant expressed as the number of PE and
per capita daily discharge of sewage. The formulation of the extended cost is
as shown in Eq. (2.13).

C=A4V" & (2.13)
Where:
C: Total cost per year, €/m’
b,«: Parameters,
A:  Age of'the plant , yr
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V:  Volume of wastewater treated per year , m’

x;:  Different kinds of variables representative of the treatment process such
as; age of the facility, the % of removal of the followings; SS, COD,
BOD, N and P.

The model parameters were obtained by ordinary least squares regression
analysis. Non — linear optimization model was used in GAMS software
(General Algebraic Modeling System). Effluents from the treatment plants
were very similar and were originally domestic wastewater. The WWTPs
were classified into two main types; attached growth biological treatment and
suspended growth biological treatment. Three technologies of attached growth
types were used; (1) bacterial beds (BB), (2) pets beds (PB) and (3) biodisk
beds (BD). For suspended growth type, also, three technologies were used; (1)
EA (2) activated sludge without nutrient removal (AS) and (3) activated
sludge with nutrient removal (NR). The results of the cost equations of the
plants are shown in table (2.2).

Table (2.2): The Cost Function for Each Treatment Technologies,
(Hernandez-Sancho, 2011)

Technology | Cost Functions R’
EA C = 169.4844 V"7 ¢ 0009AT0605655) 0.6133
AS C _ 21165 V0.7128 e (0.01744+1.512255+0.0372BOD) 06849
NR C — 2518 VO 7153 e (0.00074A+1.455COD+0258N+0.243P) 07301
BB C _ ]7361 7 V0.5771 e (0.10064+0.6932COD) 09862
PB C = 1.51084 V770 o 017155 0.5240
BD C = 28.9522 V#4493 o G377155) 0.8058

(Haghighi, 2012) created an optimization model to design sewer networks
using Adaptive GA. Each chromosome consisted of the pipe hydraulic
characteristics such as; pipe diameter (D), slope (S) and pump indicator (P).
Hydraulic constraints are satisfied and the optimal design was to obtain the
minimum cost. An existing network was taking as a case study to compare the
results of the model. The construction cost of the sewer system was the
objective function of the model which was minimized as shown below:
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C(D,S,P) = YN (CP;+P; . CL)+ YNNI M, (2.14)

C:  Cost function, $

CP: Construction cost of sewers (function of the D and pipe depth), $
CM: Construction cost of manholes (function of the D and pipe depth), $
CL: Construction cost of pump stations (function of sewer flow),$

Pi Pump location indicator

NP: Number of pipes

Where:

The case study was a network consisting of 79 pipes (with 24 different
pipe diameter sizes) and 80 manholes in a residential area of a 260 ha. The GA
population sizes were; 40, 80, 120, 160, 200 and 240. The results from using
the GA model were more accurate and faster when comparing it with the
existing sewer network system. Moreover, the study approved that the method
is capable of solving large problems.

(Duarte Zeferino, 2011) applied an optimization model to determine the
least — cost solution of the wastewater system of a region that has several
population centers. The wastewater that produced from the community was
discharged into a river. The objective function was to minimize the cost of
installation and maintenance of the sewers and installation, operation
(including energy), and maintenance of the treatment plants and pump
stations. The objective function constraints were: (1) continuity constraints
(inflow and outflow from the system and all nodes are in equilibrium), (2) the
treated flow processed should not exceed the treatment unit capacity and the
flow in the network should be within minimum and maximum allowable
values, (3) environmental constraints (specify limit values for the parameters
used to characterize river water quality), and (4) non-negativity and integrity
constraints. The non — linear optimization model was solved by implementing
a simulation annealing (SA) algorithm. The model was applied to three case
studies each of them had same dimension (48.4 km x 28.0 km) and crossed by
the same river with the same hydraulic and environmental characteristics.
Each case had a different land elevation but they had the same population
centers. Four Scenarios related to the constraint were applied. The results
showed that the lowest cost was for the scenario of no constraint applied to the
river water quality. The highest cost was for the case where the land was
flatter than the other two case studies.

21



Chapter Two Literature Review

2.6 Wastewater Reusing for Irrigation

Municipal wastewater reclamation and reuse effectively provides ways
to solve water resource problems in barren and semi-barren regions and
irrigation is the major reuse for reclaimed water. With developing in
technology, wastewater may be treated to meet the most restricted quality
requirements and be used for any purpose willingness such as drinking water
supply (Chen, 2013). There are a number of regulations that should be followed
when the treated wastewater used for irrigation to protect the environment and
human health. The major concerns of reclaimed water are the constituents
remaining after treatment. These constituents are classified as conventional
and nonconventional parameters and emerging constituents. The conventional
parameters are pH, BOD, TSS, nitrogen, phosphorus, and organisms. The non-
ordinary parameters are TDS, pesticides and refractory organics, surfactants,
and metals (Qasim & Zhu, 2018).

(Hatami, 2018) assessed the wastewater quality produced from the EA
wastewater treatment plant in Bojnoord city to be reused for agriculture and
irrigation purposes. The parameters that measured were, EC, BOD, COD,
TSS, VSS, TDS, SAR, and concentrations of sodium, magnesium, calcium,
potassium and chloride. The results showed that the percentage of removal of
BOD and COD are 88% and 89% respectively. The efficiency of removal of
TSS and VSS were > 85 %. According to the results of it was concluded that
the effluent is suitable for irrigation and agricultural purposes.

(Barbagallo, 2012) evaluated and analyzed the treated wastewater that
produced from different wastewater treatment plants WWTPs in Sicily in Italy
to be reused for irrigation. The maximum irrigation area in Sicily was 180,000
ha. The total number of WWTPs in the study area was 523 units, of which 259
were actually in operation, 89 not in operation, 32 were discarded, 47 were
under construction and 96 were just planned by the public administration. GIS
was integrated to locate the WWTPs in the study area with all information
regarding the treatment units. Moreover, the characteristics of the treated
wastewater, data about irrigation areas and the required irrigation volume
were applied. The standards and restrictions of Italy’s regulations and WHO
for unrestricted irrigation water quality specifically for chemical compounds
and microbiological parameters were considered in the research. A number of
WWTPs were selected for effluent reusing based on the criteria related to; (1)
the population equivalent PE (based on organic load) of each plant, (2) the
elevation difference between the WWTP’s location and the nearest irrigation
district, and (3) the maximum distance from the plants to the irrigation
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districts based on the treated volume. The results showed that the total
numbers of district irrigation areas were 24 out of 37 who were capable of
receiving treated wastewater from 59 WWTPs. A quantitative microbial risk
analysis was used for three WWTPs with different PE)to determine the
numerical values of health risks. The study showed that the municipal treated
wastewater could be used safely for irrigation of crops that eaten raw. The
total amount of reusing water from the suitable WWTPs was 87 x 10° m’/yr
while the water deficit was 65 x 10° m’/yr (water deficit = annual water
required for irrigation — annual water released for irrigation).

(Afferden, 2010) prepared parameters for utilizing DWWTUs for reusing
purposes in Lower Jordan Rift Valley area, which suffers from lack of water.
The Jordanian Government was planning to utilize the treated wastewater for
reusing. The authors forecasted the population of the cities that located in the
study areas based on real data for population census from 1994 to 2004 and
the population growth rate was considered uniform with a constant rate equal
to 2.5%. Moreover, the study area was classified into two categories: (1) rural
area for communities of population less than 5000 capita and (2) urban areas
for communities that having population of more than 5000 capita. Data related
to wastewater flow per capita was not available in Jordan. Therefore, the
calculation of wastewater flow amount was based on the daily water demand
per capita multiplied by a return factor of 0.825. The degree of connection of
the flow produced from the community to the existing WWTP (13 treatment
units) in the study areas were calculated from actual load of the treatment
units and it was found that 75% of the urban area was connected with sewer
network and only 5% of the rural area had sewer network. Therefore, the
recommendation was to install DWWTUs in rural areas and the reclaimed
water should meet the restrictions of Jordanian limitations.

(Adewumi, 2016) presented basic information about wastewater reusing
and they showed many examples of reusing projects in 30 countries all over
the world. They displayed the treatment level of each example and the reusing
applications, which were mostly for irrigation, toilet flushing, industrial uses
and for groundwater recharging. Moreover, treatment plant type was specified
based on the reusing application and effluent required quality. The authors
present the sanitation situation in Nigeria, which was very poor as there was
only one industrial treatment plant in the northern part of the country. Most of
Nigerian cities discharged untreated wastewater into water bodies, which were
extremely polluted.

(23)



Chapter Two Literature Review

2.7 Wastewater Sludge

Sludge produced from wastewater treatment plants disturbs
communities and it is a source of environmental contamination of the existing
of various contaminations. Innovative and effective sludge treatment passages
are fundamental for the clean and protected environment disposal (Abdul
Raheem, 2017). Sludge handling and disposal includes collection, transporting,
processing of the sludge to convert to a suitable form for disposal and final
disposal of sludge. Moreover, the produced sludge could be reused in
composting, energy recovery or even as a construction material. (Kelessidis,
2011) outlined the current situation and discussed future vision for sludge
treatment and disposal in European Union (EU) countries based on available
European Commission and Eurostat reports. The study showed that sludge
management issued a big challenge in Europe. They mentioned that there are
three main types of sludge treatment methods used in European countries;
stabilization, conditioning and dewatering. The most common type of sludge
treatment was sludge stabilization (aerobic and anaerobic digestion).
Moreover, the common sludge disposal methods in EU were: agricultural uses
for composting, incineration and landfills. In some EU countries it is not
allowed to use landfills for their sludge disposal and they were forced to select
between agricultural use and incineration. According to the research, it was
expected that the percentage of bio-solids reuse in lands would reach 50 % by
2020 in EU. Based on reports it was realized that the percentage of landfilling
decreased from 33% to 15 %, while incinerating sludge was increased from
11% to 21% and the reusing rate for agricultural utilization and composting
increased by rate of 12.5%.

(Radaideh, 2010) collected a range of activated digested sludge samples
from two different full scale municipal wastewater treatment plants in Jordan.
One of the plants consisted of two EA tanks and the other plant consisted of a
trickling filter followed by a conventional activated sludge processes.
Moreover, two-lab scale digested sludge tanks were also used and samples
were taken from there as well. One of the tanks used aerobic/anoxic digested
EA and the other used anaerobic digestion. Comparisons were made between
all samples (for the two full scale plants and for the two lab scale tanks) after
30 days of digestions. The following parameters were measured; (1) % of
removal of volatile solid, (2) SVI and (3) CST. The results showed that the
percentage of volatile removal of the aerobic digested for both lab scale and
real plants were higher than the anaerobic digested sludge. The SVI and the
CST were higher in the anaerobic digested sludge for both the real plant and
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the lab tank. The sludge drainability time through lab sand drying beds for
both aerobic and anaerobic digested sludge were measured and the results for
the EA digested sludge gave better results.

( Al-Muzaini, 2003) evaluated the performance of the sludge sand drying
beds that used for dewatering the produced sludge of a wastewater treatment
plant in Kuwait (Jahrah). The influent wastewater was from many sources
such as; domestic, industrial sectors, petroleum stations, and car garages. The
treatment plant had three large drying beds and each bed was divided into
further 10 cells. The sand layer was 40 cm thick placed over 20 cm graded
gravel. A network of pipes used to collect the percolated sludge through sand
and gravel layers. The sludge dried in 9 days in summer and in 15 days in
winter produces a cake of up to 40% solids. Samples were collected on
monthly bases from the drying beds for a period of one year and
bacteriological tests were done such as; total coliform, fecal coliform and
salmonella. The results of the bacteriological test were very low and that
indicated the effectiveness of the treatment to produce a good sludge quality.
Moreover, the author also focused on another point related to the amount of
produced daily sludge, which was 278 m’/d, and that value was very high in
compare to other plants all over the world and that was because of the hot
weather of Kuwait.

(Radaidah, 2011) modified a sludge sand drying bed of Central Irbid
Wastewater Treatment plant in Jordan by applying concentrated solar energy.
The solar energy was used to heat water that was passed through a galvanized
pipe network, which was installed at the bottom of the drying bed. The sludge
in the modified drying bed was heated and samples were taken regularly from
both modified and non-modified beds for a period of 18 months. The mean
annual temperature of the atmosphere was taken to be 18 °C. Physical,
chemical and biological analyses for both sample types were done. The results
showed that when using the modified drying bed, the time required for
dewatering was decreased by 60 %. Moreover, for the heated drying bed the
microbiological contents of the sludge were decreased and for some pathogens
100 % removal were obtained. In addition, the results showed that pathogen
content of the dried sludge of the heated drying bed had no risk on public
health. In conclusion, the produced sludge from the modified drying bed had
properties better than the conventional type in terms of pathogenic and organic
content and that make it suitable to be used for land application practices.
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2.8 Summary

This chapter of review of literature was performed to identify the main
aspects related to DWWTUs during the last decades in terms of design,
reusing the treated water for irrigations, selecting the best locations and
finding optimum sizes using different optimization models. The review covers
many prospects and the main findings were;

1.

From the limited studies regarding the wastewater quality in
Sulaimania City a basic idea was conducted. The available study
covered some places in the city and it focused mainly on the
discharge outlet points.

. Different methods were adopted in using optimization methods

for minimizing the cost of construction and operations of the
treatment units, pumping and conveying pipes. The models that
used were; GA, net benefit value (NBV) model, Multi objective
optimization model, statistical model using data from existing
treatment plants , and models using adaptive GA.

. Using GIS and AHP with different suitability criterion related to

social, economic and technical aspects. Moreover, many
restriction layers were used to find the best locations of the
DWWTUs.

The evaluation of treated wastewater, specialty from EA plants,
for reusing was done in terms of the water quality for irrigation
and that was by measuring parameters such as; , BOD, COD,
TSS, VSS, TDS and SAR. It was found that the effluent was
suitable for irrigation and agricultural purposes. Moreover, some
researches focused on assessing the available amount of
wastewater in order to get benefit from the reclaimed water
quantities.

. To evaluate the performance sludge drying beds that used for

dewatering the produced sludge from WWTP, samples were
taking on monthly bases for a period of one year and
bacteriological tests were done and the results showed that the
sludge had a good quality. While other researches focused on the
design parameters and modified methods to enhance the
dewatering value and pathogenic removals.
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Chapter Three
Theoretical Concepts

3.1 Introduction

This chapter describes the theoretical background of this research
related to utilizing DWWTUs in a city and using the treated wastewater
(reclaimed water) for irrigation. The first step in this research is to find the
optimum locations of the DWWTUs inside the study area using Multi —
Criteria Decision Model (MCDM). Moreover, based on the main objectives of
this study, the cost equation of the DWWTUs and the conveying piping
system costs of the reclaimed water that used for irrigation will be found. A
transportation model is developed and GA in a matrix form is used to find the
optimum amount of treated wastewater from each DWWTU to be reused for
irrigation. The green areas could be irrigated from more than one DWWTU
and the optimum solution will specify the source of water of each green area.
Furthermore, GIS network analysis model is used to find the optimum pipe
lengths and destination of the reclaimed water.

The selected DWWTUs type are extended aeration package plant (EA)
which is recommended for small residential communities (Eddy, 2014, p. 1081).
Drying beds are also used for the disposal of the digested sludge that produced
from the DWWTUs. In the following sections the details of the optimization
models, GIS models, package unit details and drying beds design are
explained.

3.2 Selection of Suitable Locations of the DWWTUs Using GIS Models

Nowadays GIS technology is used widely in many environmental fields
and it is one of the effective tools that used to deliver and support information
to the environmental managers. GIS solution utilized to improve decision
making, professional data analysis and interpretations, create analytical scripts
for EIA studies. In addition, it increases productivity with streamlined work
processes and pattern environmental incidents (Khandve, 2011, p. 244) . In this
research GIS is used in organizing data, creating maps and developing models.
MCDM for suitable land selection of the DWWTUs locations is used, the
details are shown in the following paragraphs;
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3.2.1 Multi-Criteria Decision Model using GIS

MCDM is concerned with forming and solving decision and forecasting
problems involving multiple criteria. The aim is to help decision makers to
solve problems. It is necessary to use decision maker’s preferences to
differentiate between solutions. The decision making process involves many
steps; (1) showing the case, (2) criterion identification, (3) selection of the
weight method like AHP and (4) show the method of accumulation which
should be represented as a function ( Majumder, 2015, p. 31).

MCDM is one of the methods that utilized to select the suitable
locations of facilities like DWWTUs and sludge drying beds. The model’s
components consist of a set of suitability criteria related to environmental,
social, hydrological and economical properties. Weighted Linear Combination
(WLC) algorithm is used to find the land suitability index as shown in Eq.
(3.1) used by (Sharma, 2012, p. 56):

Sindex: Z?:l(Wl . Cl) H;nzl T) (31)
Where

Sindex © Land suitability index.

Wi Weight of the criteria

C:: Suitability of criteria

7 The restrictions criteria

n, m: Number of criteria and restrictions, respectively.

Eq.(3.1) is applied into ArcGIS software by creating three GIS models
which are: (1) Suitability Model, (2) Restriction Model and (3) Suitability
Classification Model of the land locations. Fig.(3.1) shows the flow diagram
of the main steps of the process.
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Fig.(3.1): Flow Diagram of the Main Steps of the Suitable Areas’ Location
Model in GIS, (Researcher)

3.2.2 Analytical Hierarchy Process (AHP)

GIS software is not capable of finding the weights (Wi) of the criteria;
therefore, AHP is used which is one of multi criteria decision making methods
that was originally developed by (Saaty, 2012, pp. (6 -8)). In this method each
criterion is evaluated by using pairwise matrix A of size [m x m], where m is
the number of selected criteria. Each element aj of the matrix represents the
importance of the jth criterion relative to the kth criterion. If aj; > 1, then the
Jjth criterion is more important than the kth criterion, while if a; < 1, then the
jth criterion is less important than the kth criterion. If two criteria have the
same importance, then the entry ay 1s 1. The entries aj and ay; satisfy that ay .
ay = 1, and the value of a; = 1 for all j. The relative preference between two
criteria 1s measured according to a numerical scale from 1 to 9, as shown in
Table (3.1).

The input can be obtained from real magnitude such as height, cost, or
from individual judgment. After creating the matrix A, normalized pairwise
comparison matrix A,om 1S derived by doing the sum of the entries on each
column equal to one, Eq.(3.2) shows the process of calculating a; of the
matrix A,om :

ajk

ay =
/ 1~ 1 a

(3.2)
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Table (3.1): Scale for Pairwise Comparisons, (Saaty, 2012, p. 6)
Importance
Value of a;

Definition

j and k are equally important

is equally to moderately important than k&

is moderately important than k£

is moderately to strong important than k&

is strongly important than k

is strongly to very strongly important than k
j 1s very strongly important than k

j is very to extremely important than k&

J is extremely important than k£

O [0 |Q|N[ N[ |W[N|[—

The criteria weight Wi is created by finding the average of the entries on each
row of A, as shown in Eq.(3.3),

Xt @
W, = o e (3.3)
m

Checking the Consistency — Consistency Ratio CR

The AHP includes an effective technique for checking the consistency of the
evaluations made by the decision maker when building the pairwise
comparison matrix A. The Consistency Index (CI) is obtained by first
computing the scalar A as the summation of é_ljk multiplied by W; of each
criterion. CI is found from Eq.(3.4):

Cl= (k m)

(m 0 (3.4)
CR is calculated as in Eq.(3.5), (Saaty, 2012, p. 9).;
CI
R=— 3.5
CR=— 3.5)
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Where
n: Number of criteria

CI Consistency Index

RI Random Index value referred, table (3.2)
}\’.

Scaler Factor

Table (3.2) Random Index Value RI (Saaty, 2012, p. 9).
n 1 2 3 4 5 6 7 8 9 10
RI | O 0 0.58 | 09 | 1.12 | 1.24 | 1.32 | 1.41 1.45 | 1.49

The value of CR is an indicator shows the scales that has been allocated to
each criterion weather it was a good judgment or not and it should be less than
10%.

3.3 Cost Optimization Model

The cost calculations of a wastewater system includes a number of
elements related to the collection system and the treatment procedures.
Moreover, there are other cost measurements that produced from the reusing
process. The cost calculation of the treatment units includes the costs of
investment (materials, labors, construction, installations and others), and
operation and maintenance cost (energy, operation staff, materials,
administration and others). There are factors that have effects on the
mentioned elements as; the treatment capacity, location, whether it is
centralized or decentralized, treatment methodology, the reusing purpose
(which will specify the effluent quality and amount) and environmental
restrictions. Regarding reusing and conveying the reclaimed water from the
treatment units to the end users, it is also an essential part in the cost
calculation. Many factors will influence the cost assessment of reusing such
as; the reusing purpose, the amount of reclaimed water, and the destination
points’ locations. The wastewater collection sewer network is also one of the
elements of the wastewater system, but in this research it will not be included
in the cost optimization model as it is already existed in the study area.

In this study the main objective is to create a model to find the optimum
capacity and best locations of each DWWTUs that gives the minimum cost
and maximum benefit of water reusing for irrigation. The cost model will be
for the treatment units and for the conveying of the reclaimed water as
explained below:
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3.3.1 The Treatment Plant Cost

The cost of the treatment plant includes the construction cost and cost of
operation and maintenance (O&M). The cost equations should be created from
real existing plants, which could be for the whole package treatment unit or,
for each individual part of treatment units separately. The cost formulas are
either as a function of unit capacity (treated flow) or as a function of
population. As there are no treatment plants in the study area, formulas from
other countries are used. Although the formula is for another region but the
optimization process is a relative comparison of the costs of the treatment
plants and the same equation is used for all the treatment units together. In
conclusion, the results of the optimization will not be affected. The details of
the objective function are shown in chapter four.

3.3.2 Cost of Conveying the Reclaimed Water

The treated wastewater is stored in a tank T1 in the treatment plant area
to control the flow fluctuation during different periods of flow (Viessman, 2009,
p. 139). The reclaimed water will be conveyed via piping networks to the green
areas to be used for irrigation. Two types of pipes are used: gravity pipes and
pressurized pipes using pumps. The elevation differences between the location
of tank T1 and the green areas and the head loss value of the conveying pipes
will specify whether gravity pipe or pressurized pipes will be used. The cost of
conveying will include; (1) cost of the pipes, (2) cost of the pipe installation,
(3) cost of the pump station construction, and (4) cost of O&M of the pump
station. All those costs are functions of the conveyed flow (K. Swamee, 2008, p.
80). The amount of flow from each DWWTUs to each green area should be
quantified in a manner that minimizes the total cost. The process of conveying
the reclaimed water to the green areas is considered as a transportation
problem; therefore, it is utilized for creating the relation between the treated
flow and the demands of the green areas. GA in a matrix representation form
is used to solve the model to compute the optimum amount of treated flow at
each DWWTU. Matlab2018a software program code is applied to solve the
GA.

a. The Transportation Optimization Model

It 1s an optimization method in which the objective is to minimize the
cost of transporting a certain product from a number of origins to a number of
destinations. In this research the amount of reclaimed water from the
DWWTUs (origin) is transferred to a number of GR (destination).
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This method was explained by ( S. Rao, 2009, pp. (220 -222)) , and that is
by assuming n origins (the DWWTUs) and m destinations (the green areas).
Let a; be the amount of supplied water from origini (i = 1, 2, . . ., n) and bj be
the amount required at destination j (j = 1, 2, . . ., m). Let f; be the cost per
unit of transporting the reclaimed water from origin i to destination j. The
objective is to determine the amount of water (Q) transported from origin i to
destination j such that the total transportation costs are minimized. This
problem can be formulated mathematically as:

Minimize /=X, X7 f; (3.6)
Subjected to:
] Ql.j: bj, j=12,....m (3.7
e Ql.jia,- i=1,2,...,n (3.8)
Q;=20, i=1,2,...n, j=1,2,..m (3.9

The transportation problem have (n x m) variables and (n+m) constraints.
Eq.(3.7) shows that the total amount of the water transported from the all
origins i to destination j must be equal to the amount required at destination j
G=1 2 ...,m). Eq.(3.8) shows that the total amount of the water received
from origin i to all destination j must be < to the amount available at the origin
i(i=1 2...n).Eq.(3.9) added the non-negativity since negative values for
any Qij have no meaning. It is assumed that the total demand equals the total
supply, that is,

Yiti @ =Xt b (3.10)

Eq.(3.10), is called the consistency condition and must be satisfied if a
solution is to exist. This can be seen easily since

ing @i= Ni-g (Zfzz Q,-j) =Zf1=71 (i Q,-j) = Zfzz b; (3.11)

The transportation matrix can be represented as shown in Fig.(3.2)
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Fig. (3.2): The Transportation Array, ( S. Rao, 2009, p. 222)

b. Theory of GA Optimization Technique

It is a simple method applied for complex problems and it is one of the
nontraditional stochastic optimization methods used to solve nonlinear
objective functions. GA is applied in this research to solve the objective cost
problem because of the big and complicated data. Moreover, GA is widely
applied into wastewater and pipe networking problems. In this study a matrix
representation of the GA is used which can display data structure of the
elements so they can have better relations to surrounding locations dataset
(Chen, 2017, p. 2). Using a matrix form of GA in the optimization of DWWTU
and pipe network costs is a genuine work and there is no previous researches
about that. GA is based on the principles of natural genetics selection and the
method adopts random selections from a population guesses. Continuous GA
is used as there is no need for accuracy in the variable values also because of
the big amount of data, which make it difficult to use binary GA. The
components of the GA are explained by (Sastry, 2006, pp. (97 -99)) as in below:
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i

iii.

iv.

vi.

vii.

Initialization: The process starts with random generation of a number
of solutions. Each solution represents a chromosome, with the variables
as genes. The initial population size is Np, which is also the number of
chromosomes.

Evaluate The Fitness: It is applying the random generated
chromosomes (parents) in the fitness function (objective function).
Selection: Is to select the best solution among the worst and that could
be done using many methods such as roulette-wheel selection,
stochastic universal selection, ranking selection, tournament selection
and the whole parents could be selected for mating. The results will
arranged in descending or ascending order based on the type of the
optimization problem. For maximization problem, descending order is
used. Ascending order is used for minimization problem.

Crossovering: The crossover process is to produce offspring as a new
solution population from the parent populations. In this step, parts of
two or more parental solutions are combined to create new, possibly
better solutions (i.e. offspring). There are many ways of accomplishing
this, and the best solution depends on a properly designed
recombination mechanism. The offspring under crossovering will not be
identical to any particular parent and will instead combine parental traits
in a different manner.

Evaluation: The crossovering process is done for the Np initial parent
population then they will produce an Np offsprings. These two
populations (parent and offsprings) are mixed together and (2 x Np)
solutions will be produced. The (2 x Np) solutions will applied into the
objective function to find the fitness values which is the cost F.
Iterations: The crossovering process could be repeated many times
using the obtained population instead of the randomly generated one.
The process of repeating is called iteration and the number of iteration
1s selected and it could be 1, 2, 3 ...etc.

Mutation: This process is done after the crossovering and iterations are
finished where at the end of the last iteration the best three solutions
(optimum) are the first, second and third. In this stage, a process called
mutation is to be done by selecting some solution variables and start to
increase or decrease their values and check if this will enhance the
obtained optimum solution by the iterations of the crossovering process.
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In this study the initiated population is presented in a matrix of
size equal to [# x m; Np] and each solution represents a chromosome
with variables equal to genes. The random values are generated by
rand (n x m ;Np). The chromosome will be in a matrix form and as a
function of O :

" 011 015 O3, - O
QZI: QZZ: Q23: "'-QZm
Chromosome = | Q3z;, O3, Q33 .. Oz,

in: QnZ: Qn3: Qnm

Where n is the number of the (DWWTUs) and m is number of green
areas GRs that will be irrigated. The process is applied to find the
optimum amount of treated wastewater delivered to each green area that
gives the minimum cost F.

011, 012 013, - Oim
051, 022, O3, ... 0o
Cost = f (chromosome) = f 031, O3z, 033, -...053

Qn[: QnZ: Qn}: Qnm
el

There are many types of crossovering process in matrix form GA such as,
block crossovering, self-crossovering, row crossovering, two point
crossovering and others. In this study the crossovering process is done for
columns and with one point of crossover (PCO) which is specified as shown
in Fig.(3.3); Crossovering between the two parents will occur and the
variables will exchange to produce offspringl and offspring 2.
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Fig. (3.3) : The Crossovering Process between the Two Parents, (Researcher)

¢. GIS Network Analysis — OD Cost Matrix

Network Analysis - OD Cost Matrix method in GIS is a model used to
measures the least-cost paths along a network (the drive time and drive
distance) from multiple origins to multiple destinations. This technique was
used for many transportation researches to find the optimum cost of reaching
to the closest certain facility. In this research, it is the first time to use this
tool to find the optimum water network routes and lengths of the pipes that
connect the DWWTUs and the GRs. The origins are the centroids of the
nominated areas of the DWWTUs and the destinations are the centroids of
the green areas. The steps in this method are illustrated in Fig. (3.4). The road
layer of the study area is used as a best route network in the process and the
pipe network layout is considered to follow the same path of the road. The
output shape type is a set of straight lines. Even though the OD - cost matrix
solver does not output lines that follow the network, the values stored in the
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lines attribute table reflect the network distance, not the straight-line distance.
This method is fast in solving large data space more than the other types of
GIS network analysis processes and that will save computation time (ESRI,
2013).
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-
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Fig. (3.4) : Flow Diagram of the Main Steps of the OD - Cost Matrix in GIS,
(Researcher)

d. Elevation Difference between the DWWTUs and the GRs Using GIS

The calculation of the elevation difference between the DWWTUs
locations and the GRs are important to specify the pipe network type if it is
gravity pipe or pressure pipe. Elevations of the study area are found using
Digital Terrain Model (DTM) map in GIS. The elevations of the centroid
points from each DWWTUs locations and green area are found using Point
Extraction Tool (Yuji, 2011, p. 6).

3.4 Decentralized Treatment System

DWWTUs units could be defined as small treatment units that installed
close to the sewage generation areas. The treated sewages could be reused for
many purposes like irrigation, groundwater recharging, firefighting and others.
There are many sizes and methods of treatments, which depend on the amount
of flow, effluent quality, reusing purposes, and it depends on the location of
the treatment units. Prefabricated plants (package plants) are one of the
technologies that used to treat wastewater from small communities with flow
amount ranged from (38.50 — 3800 m’/day) (Eddy, 2014, p. 1080). Sewage
treatment package plants are cost effective, have good treatment
employments, are built -in, require small footprints, easy to install and are
highly docility to environment.
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There most common types of wastewater treatment package plants are;
extended aeration plants, sequencing batch reactor, oxidation ditches, contact
stabilization plants, rotating biological contactor and physical/chemical
treatment (Eddy, 2014, p. 1082). In this research EA is used as this type is mainly
utilized for wastewater treatment of residential and small communities. EA
treatment process has excellent effluent quality, produces relatively low

sludge amount, not complex and it has a simple operation process (Eddy, 2014,
p. 1081).

3.4.1 Extended Aeration Treatment Method

Extended aeration method is a modified activated sludge process used
to remove biodegradable organic wastes under aerobic condition. In this study
extended aeration package plant is used and it consists of the followings; (1)
pretreatment units such as screens and grinders, (2) flow equalization basin,
(3) aeration tank,(4) secondary clarifier, (5) disinfection tank, (6) storage tank
for the reclaimed water, (7) pumping station, and (8) aerobic digester. The
tank could be installed underground but the tank walls should extend 0.15 m
above the ground to prevent surface runoff to inter the plant (EPA, 2000, p. 1) .
The details are explained below:

1. Pretreatment units: Bar screens and commutators are usually installed
at the entrance of the treatment plant to get rid of all solid wastes such
as; silts, sand grains, leaves, seeds and other materials that exist in the
sewage which cannot be spoiled.

2. Flow Equalization Basin: It is a flow variation controlling tank and it
is used to control and regulate the flow during peak periods which
located at aeration tank influent. The process comprises providing
storage capacity and adequate aeration and mixing duration to prevent
odors and waste settlements. The required capacity for flow
equalization is found by using an inflow mass diagram and a detailed
data of hourly flow amount for the city is required (Qasim, 1985, p. 38).

3. The Aeration Tank: At this stage, the biological treatment is occurred
in which the flow is completely mixed with oxygen that is supplied
mechanically or by air diffusors. The microorganisms will be supplied
by oxygen and will feed on the organic matter in the sewage. The
wastewater in the aeration tank is called mixed liquor suspended solids
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(MLSS). The capacity of the aeration chamber should be enough to
provide aeration for a retention time equal to 24 hr during the average
flow and BOD loading of 0.1 Ib BOD; /Ib MLVSS. The required air in
m’/day is calculated from Eq. (3.12), (Eddy, 2014, p. 1088):

Peak daily BOD (Kg/d)

Air required (m*/d)= O % x pxO% (3.12)
Where:

Orefr- oxygen Transfers Efficiency %

La: specific gravity of air = 1.21 Kg/m’

0,%: oxygen content in air %

Peak daily BOD (Kg/d) = [No. of capita x 2.5 x Kg BOD/Capita. Day]

4. Secondary Clarification Tank: It is an essential part of the activated
sludge process and it follows the aeration tank. In this basin a large
amount of the MLSS that comes from the aeration tank will be
separated. Part of the mixed liquor will be returned to the aeration tank
(Og) through a sludge return pipe. The effluent Q.; has a low
concentration of BOD and suspended solid (SS) which comply with
allowable environmental limits.

5. Disinfection: The treated wastewater is then disinfected with chlorine
in the chlorination chamber, and the chlorine is removed
by dechlorinating unit. The detention time should be at least 30 min at
peak flow with a typical dose of 25 mg/L.

6. Storage Tank for the Treated Water (T1) : A storage basin is also
used to collect the reclaimed water that will be delivered to the green
areas.

7. Pumping Station: Pumps are used to convey the reclaimed water to
the green areas whenever required with different capacities and heads.
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8. Aerobic Digester: It is used to treat the sludge that produced from the
extended aeration plants of sizes less than (0.2 m3/s) (Eddy, 2014, p. 835).
The details are explained in paragraph 3.5.3.

The design limitations and criteria of the package plant extended aeration
activated sludge process are shown in Table (3.3). Fig.(3.5) and Fig.(3.6)
show the typical details of an extended aeration package plant.

Table (3.3) : Typical Design Limits of Extended Aeration Package Plant
(Eddy, 2014, p. 1084)

Design Parameter Value

Range Typical

Pretreatment - Bar Screen

Aeration Tank

Retention time (aeration tank) , hr 18 -36 24
BODjs loading ,Kg BODs /kg MLVSS 0.05-0.15 0.10
MLSS (aeration tank) , mg/L 2,500 - 6,000 3,500
Sludge Age, 6. , day 20 -30 25
Oxygen Required

Average at 20 °C , Kg/Kg BODs applied 2-3 2.5
Peak at 20 °C , (value) x (av. flow) 1.25-2.0 1.5
Oxygen Transfers Efficiency 6%
Secondary Clarifier

Settling tank overflow rate

Based in peak hourly flow , m’ /m*.day 24-40 33
Waste Sludge

Dry Solid , Kg / 10° gal 0.32 -0.45 0.36
Excess Sludge , Kg/Kg BODs removed 0.3-0.75 0.4
Specific gravity of sludge solids 1.30
Specific gravity of Sludge 1.015
Chlorination

Dosage at peak flow, mg/L 15 -40 25
Detention time at peak flow , min 15 - 45 30
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3.4.2 Wastewater Flow Calculation

Wastewater in cities produced from many sources such as; domestic,

commercial, public, industrial activities and from groundwater infiltrations
(J.McGhee, 1999, p. 7). Sewer pipes are used to collect the sewage to be
conveyed to treatment facilities to get clean water with no pollutants.
Specifying the amount of produced wastewater is essential in the design of the
piping network, pumping system and the treatment plant units. The amount of
discharged wastewater is calculated either practically at site using specific
devices or from some theoretical methods. The theoretical method to calculate
the amount of wastewater flow for each individual source is shown in the
following sections:

1. Domestics Wastewater Flow: The main sources of domestic wastewater
in a city are from residential areas, commercial district, institutional
facilities and recreational areas.

(a) Residential Buildings: Residential buildings in a city are individual

(b)

houses, apartments, hotels and motels. The amount of wastewater flow is
commonly determined on the base of population density and the average
per capita flow values. The amount of wastewater flow from the
residential areas could be estimated from the water supply consumption
per capita per day as shown in the equation below. (Eddy, 2014, p. 186)

Ouw = Quww X Rx Capita (3.13)
Where:

Ouw: average wastewater flow per day, in m’/day

O : average water supply flow per capita per day, m’/cap. day
R: percentage of municipal water supply discharged into the

collection system as wastewater and it is usually from 60 —
85 % (Eddy, 2014, p. 187)
Capita: number of populations

Commercial Districts: Commercial buildings in a city includes many
shops, handicrafts, business buildings, and malls. The wastewater flow
for commercial areas is measured in m’/ha.day. Average flow volume per
day for commercial area rang from (7.5 to 14 m’/ha.day) (Eddy, 2014, p.
187).
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(c) Institutional Facilities: Wastewater flow from institutional buildings
changed according to the area and structure type, the following are
examples of institution building; hospitals, schools, universities, jails,
and others (Eddy, 2014, p. 187).

(d) Recreational facilities: The amount of flow from recreational facilities
changed within seasons and such as; swimming pools, cafeterias, resort,
hotels, clubs, restaurants, etc. The amount of flow is measured in
m’/unit.day.

2. Industrial: Effluents from industrial facilities changed according to its
type and size, the water reuse phase and the wastewater treatment methods.
The produced wastewater volume is measured in m’/ha. day. Another
method for estimating the amount of produced wastewater, is by
multiplying the amount of used water with 85 — 95 % of (Eddy, 2014, p. 187).

3. Infiltration/Inflow: It is defined as the water that entered into the
sewerage network through the cricks in connections, pipe joints, and
manhole walls. There are many types of inflow such as; groundwater, from
building drainages, seepage from springs and wetlands. Calculating the
amount of groundwater inflow relied on lengths and diameter of the sewer
pipe (m’/day. mm — Km) other methods depends on the amount of served
area (m’/ha. day). The volume of inflow could range from ignored amounts
to obviously highly quantities and that will depend on many factors like the
groundwater altitude, the climate, the soil permeability, the season and
other factors.

4. Wet Weather Flow (WWF): Storm water is collected through street inlets
to be conveyed by separate or combined sewer networks. In separate
network usually the storm water is discharged into water bodies or open
areas, while in combined sewer system it will be transported to wastewater
treatment plant. In combined system flow during wet weather will affect the
design of the DWWTUs in terms of the quality and amount of influent.
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3.5 Sludge Amount Calculation and Treatment

Sludge treatment is one of the complex issues that face engineers and
that refers to its large volume in compare to the other removed constituent
during treatment. Moreover, sludge contains substances that are very annoying
to people especially in case of DWWTUs which installed close to residential
areas (Eddy, 2014, p. 765).

In this study the sludge is produced from the final clarifier and is
digested in an aerobic digester. The digested sludge is stored in a holding tank
and it is transported by trucks to the drying bed to be reused for composting. It
is essential to calculate the amount of the produced sludge to specify the size
and location of the sludge drying bed. The quantity of sludge that produced
could be measured in Kg/day or in m*/day (Andreoli, 2007, p. 55).

3.5.1 Calculation of the Generated Sludge Q,,

The generated sludge Q,, is the produced from the clarifier and it is
separated to be conveyed to the aerobic digester. In this study the amounts of
the sludge are calculated by using the mean cell - resident time 6, equation as
shown below (Viessman, 2009, p. 585) :

VX
% = 0 0, 0 C19
t= Ql —> V=1xQp (3.15)
Where:
V Volume of reactor, m’
X Concentration of biomass in aeration tank (MLVSS), mg/L
Xe Concentration of biomass in effluent , mg/L
O, Rate of excess sludge (wasted sludge), m*/day
O Influent flowrate of the treatment plant, m*/day
0. Rate of effluent flow, m’/day
t Mean hydraulic retention time for the reactor, hr
0. Mean cell - resident time, day

Values of 6., X, t [table (3.3)] and Xe [will be assumed] are applied
into Egs. (3.14) and (3.15) to find a relation between Q,, and Q;, to calculate
the rate of produced sludge as a function of the treated flow in the package.
The details of the results of the calculation are shown in chapter 4.
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3.5.2 The Sludge Treatment Methods: Many methods could be selected for
the treatment, which depends on the sludge amount, the sludge type and on the
reusing purpose. The methods that used for sludge treatment are; sludge
thickening, dewatering, and digestion (aerobic and anaerobic). In this study
aerobic digestion is used.

3.5.3 Aerobic Digestion: It is a biological process that occurs in the presence
of oxygen and it could be used for treating: (1) waste activated sludge, (2)
mixtures of waste activated sludge or trickling filter and primary sludge, (3)
waste sludge from extended aeration plants, or (4) activated — sludge treatment
plants designed without primary settling. Mainly aerobic digestions is used in
plants of size less than 18,925 m’/d and in recent years it is utilized for larger
treatment units. The advantages of aerobic digestion are; (1) BOD
concentration is within the allowable limit, (2) the produced sludge is odorless
and stable, (3) the operation is not intricate, (4) affordable capital cost. In
spite of the mentioned advantages there are some disadvantages such as high
operation cost and the process affected by temperature therefore it is required
to be covered, (Eddy, 2014, p. 835). Table (3.4) shows the design criteria for
aerobic digesters.

Table (3.4): The Design Criteria for Aerobic Digesters,
(Eddy, 2014, p. 837)

Parameter Value
Hydraulic retention time, at about 20 C° , day 12 -18
Solid Loading, Kg volatile solids/m’.day 0.16 — 0.48
Oxygen requirements, KgO,/Kg solids destroyed cell tissues 1.045
Energy requirements for mixing

Mechanical aerators hp/10° ft’ 27-53
Diffused — air mixing, m*/10°m’ . min 20 - 40
Dissolved — oxygen residual in liquid, mg/L 1-2
Reduction in volatile suspended solids % 40 - 50
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(1)The Tank Volume: The digester tank volume can be calculated by
applying Eq.(3.16) (Eddy, 2014, p. 841), as shown below:

__ 9w X

Vd_X(Kd P+ 1/6,) (3.16)
Where:

Va Volume of aerobic digester, m’

0O, The digester influent average flowrate, m*/d
X; Influent suspended solids concentration, mg/L

0. Solid retention time , day
X Digester suspended solids concentration, mg/L

K, Reaction rate constant, d”

P, Volatile fraction of digester suspended solids

(2)The Oxygen and Energy Requirements for Mixing: The required
oxygen (Kg of O,) of the aerobic digestion is measured based on the Kg of
complete oxidation of destroyed cell tissues as shown in table (3.4). To
achieve the required oxygen amount proper agitation should be provided and
mixing power requirements should be checked as shown in table (3.4). The
required oxygen Kg O,/ day are calculated as in equation (3.17):

Kg O,/ day = Total mass of volatile solid (VSS) x oxygen required (Kg O,/Kg
destroyed cell tissues), (from table 3.4)
Kg O,/ day = VSS x 1.045 Kg O,/Kg cell tissue destroyed (3.17)

3.5.4 The Sludge Storage: Long-term storage may be accomplished in sludge
stabilization process with long detention period such as aerobic digestion or in
a separate tank. In small treatment units, usually the sludge is stored in the
settling tank or in the digester.

3.5.5 Drying Bed: It is a natural drying process in which dewatering is
occurred by losing water to the atmosphere through evaporation and filtration
through the filter media and the drain pipes at the base of the beds (Ifeanyi,
2008, p. 6). The produced sludge is usually dumped of in landfills or it reused in
composting and soil conditioning. This method is recommended because of its
low cost, it does not need a regular responsiveness and the solid content is
high in the dried sludge. The factors that considered in the design of drying
beds are; (1)weather conditions, (2)sludge properties, (3)land values and
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availability, and (4) closeness of residential areas. In this research,
conventional sand drying bed is adopted as it i1s used most commonly. This
type of drying bed is restricted to digested sludge. Fig.(3.7) and Fig.(3.8)
show the typical details of sludge sand drying bed which consists of the
following details:

(1) The Sand Layer: Is placed on the top of the drying bed in which the
sludge from the truck will be placed over it. The depth of the sand layer is
(230 — 300) mm. The sand has an effective size of (0.3—0.75) mm and a
uniformity coefficient of less than 4, (Eddy, 2014, p. 871).

(2) The Gravel Layer: The graded gravel or stone layer is used to support the
sand layer and it has a depth of (20 — 46) cm. It is placed under the sand layer
and over the underdrain pipes, (Techobanoglous, 1998, p. 959).

(3) The Underdrain Pipes: There are underdrain pipes that used to collect
the drained water, their diameters are not less than100 mm size, are placed in a
distance from (2.4 — 6.0) m, and have a minimum slope of 1 %, (Eddy, 2014, p.
871).

(4) The Drying Bed Area: The Area is divided into smaller beds with
dimensions of (4.5 — 18) m wide and (15 — 47) m length. The sludge is added
on the bed in many layers of (20 - 30) cm thickness per each. This type could
be covered and that will be preferred to protect the sludge from weather
changes. The sludge drying time is important and it is affected by the initial
concentration of the solids in the sludge and on the depth of discharged sludge
over the sand (Shammas, 2007, p. 404). The focus will be on sizing the drying
beds, which is based on the amount of transferred sludge from the DWWTUs.

(5) Sizing the Drying Beds and Land Requirements: Sizing of drying beds
is a function of the sludge type, solid content and the sludge volume. For
optimum drying bed size the sludge loading rate is ranged from (100 — 300)
Kg dry solid /m”.year (uncovered beds) and from (150 — 400) Kg dry solid
/m*.yea (for covered beds). The recommended uncovered and covered sand
drying bed’s areas are calculated in Eq. (3.18) and Eq. (3.19) respectively,
(Qasim, 1985, p. 295);

A= (0.14 - 0.28) m*/capita x No. of capita (Uncovered Beds) (3.18)
A=(0.10- 0.20) mz/capita x No. of capita (Covered Beds) (3.19)

The dimensions of the drying bed cells are calculated as in below:
Cell Area Ac = L (length) x W (width) (3.20)
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A
Number of cells N¢ = P (3.21)

(6) Locations of the Drying Beds: The best location for the drying beds
depends on many factors such as;

1.

(98]

The amount of produced sludge which will specify the required area
also the land availability is an important factor that should be
considered.

It should be far from any residential areas minimum 100 m to avoid
odor problems.

It should be far from any water bodies.

The bottom needs to be sealed to prevent groundwater pollution and the
drained sludge must be treated (Spuhler, 2010).

. It is preferred to be at the end of the city and close to agricultural areas

to be used as fertilizer.
Wind direction should not be toward the residential areas.
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Fig.(3.7) : Typical Sand Drying Bed — Plan, (Eddy, 2014, p. 872)

(30)



Chapter Three Theoretical Concepts

Tl = 23F mum Samndd
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Fig.(3.8) : Typical Sand Drying Bed — Cross Section, (Eddy, 2014, p. 872)

3.6 Estimation of Landscape Irrigation Demand

Estimating the water demand for irrigating the landscapes (green lands)
of the study area is one of the important parts in the work and it is directly
integrated in the optimization model. Landscapes usually consist of a mixture
of different plants and that make it difficult to find a single algorithm that
produces accurate irrigation demand for the whole area. The value of the
irrigation demand could be found using evapotranspiration (E7) method,
which is based on the amount of water that evaporated and transpired from the
plants (Stoughton, 2010). The daily water demand of the crop (E7c¢) could be
calculated from Eq.(3.22), (Stryker, 2018, p. 1) as shown below:

ET, x PF x SF
ETc =Water Duty= (3.22)
IF
Where:
ETc: water requirement for irrigation (Water Duty), m’/day
ETo: referenced evapotranspiration, mm/day
PF: the plant factor, use 1.0 for lawns, 0.8 for shrubs and 0.5 for
average shrub water use and 0.3 for low shrub water use.
SF: the area to be irrigated, m’
IF: irrigation efficiency, it is the percentage of irrigated water that

used by the plants and it depends on the type of irrigation system.
For instance; /FF = 0.80 for sprinklers and /FF = 0.90 for drip
irrigation system. It is recommended to use /F = 0.75.
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The process of finding the required water demand for irrigation of
landscapes is shown in Fig.(3.9), (Stoughton, 2010);

(1) Estimate
the Irrigation
Area

(2) Identity
Landscape
Type

(3) Find the
Evapotranspiration
Value (ETo)

(4) Landscape
Irrigation Use =
Irrigation Area x E7o

Fig.(3.9) : Flow Chart of the Process of Finding the Water Demand of

Irrigation of Landscape, (Researcher)

The First step in calculating the water demand is estimating the
irrigation areas which could be found easily from GIS maps. Also it is
necessery to identify the landscape types as each type requires different
amount of water such as grass, trees , flowers and other vegitations.
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Chapter Four
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4.1 Introduction

The main aim of this work was to find the optimum number, locations
and capacities of the DWWTUs in Sulaimania City for reusing for irrigation
and to eliminate the effects of untreated wastewater that discharged to
Qilyasan stream without treatment. The work was divided into four major
parts, which were;

1. Finding the optimum locations and numbers of the DWWTUs inside the
city.

2. Finding the optimum capacity of each DWWTUs and find the optimum
cost of reusing the reclaimed water from the treatment units for
irrigating the green areas in the city.

3. Design of the DWWTs

4. Design the sludge disposal sand drying beds.

4.2 Methodology

The research methodology consisted of theoretical and practical parts.
Many site visits to all city zones and villages of the study area, residential
complexes, and green areas especially main green parks were done.
Information about the population, the sewerage flow and water system,
groundwater and wells were gathered. AutoCAD and GIS maps and data
about the study area from related official authorities were collected.

Regarding the theoretical part, the first step in the work was to find the
best locations and optimum numbers of the DWWTUs in the city using GIS
and AHP. The next step was to find the optimum sizes of the DWWTUs using
GA 1n a matrix form combined with GIS and the process was implemented in
Matlab 2018a coding program. Many GIS models were created in the work
such as land suitability model, Network Analysis OD Matrix to find the best
cost piping routes. An objective function was derived based on the cost of the
DWWTUs, the piping and pumping.

Moreover, a preliminary design was done to find the details of the
components of the optimized DWWTUs. In addition, a sand drying bed was
designed outside the city to collect the produced sludge from the DWWTUs.
Fig.(4.1) shows the flowchart of the research methodology.
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( Methodology )

Site Visits and
Interviews
Practical
Works Data
Collections
Find the Suitable
Locations of the Using GIS
DWWTUs and AHP
Create the Objective Find the Optimum Statistionl
Function Sizes of the DWWTUs tatistica
with Details Analysis
Wa(s:telwal‘[e; Flow The Digester
aleriation | The Sludge Designs
Treatment
Green Areas Water The Drying
Demand Bed Desi
Calculations gn
Finding the
Conveying Pipe
Paths and Lengths .
Using GIS ( Mapping >
Creating the
Transportation
Model
Solving the
Transportation
Model using GA
The Matlab
Software
Programming Fig.(4.1): The Flowchart of the Research
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4.3 Site Description

This study is carried out in Sulaimania city, Kurdistan - Iraq.
Sulaimania has a mountainous topographic area with elevation ranges between
(645m to 1075m) amsl, the latitudes are between (35° 36’ 07" N - 35° 31’
35"N), and the longitudes are between (45°22' 23"E - 45° 28’ 23"E) (GDOSM-
GIS, 2017). Sulaimania city is divided into four suburbs which are: Main
suburbs, Bakrajo, Rapareen and Tasloja (GDOSM-GIS, 2017). This research
focused on Sulaimania Main suburbs only which has 156 districts as shown in
Fig.(4.2). The study area suffers from lack of water for domestic demands,
irrigation and industrial uses. Water is supplied to residential areas each three
days and for a durations of 3 hours only (DOWS, 2017). In addition, the green
areas are facing water shortages and the available water is not covering the
water demand (GDOSM-Gardens, 2017). The water scarcity in the city is due to
the rapid expansion of the city, climate changes and immigration from the
surrounding areas. The main water sources of Sulaimania city are from Dukan
and Sarchnar water treatment plants (Wash Cluster, 2015, p. 1) and also there are
number of wells in the city .The amounts of water from those sources are not
sufficient to cover all the requirements of the city (DOWS, 2017).

4.4 The Existing Sewer System

The sewer system of the city is combined with concrete box conduits
used as main trunk sewers. The arrangements of the main sewer networks
consist of 10 separate groups named as: Lines A, B, C, D, E, F, G, H, I and J.
Each group is divided into branches as shown in Fig.(4.3) and the details are
shown in Table (4.1) and table (A.1) in appendix A. At the end of each main
sewer box, the wastewater is currently discharged to open areas though
separate outlets then to Qilyasan stream without treatment. Table (4.2) shows
the details of the sewer outlets of the study area. The arrangements of the
sewer networks of Sulaimania City are suitable to be used in decentralized
wastewater treatment systems
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Fig.(4.2): The Districts of the Study Area (GDOSM-GIS, 2017)

Table (4.1): The Details of the Sewer Box Branches
(DOSWS, 2017)

Line Nl(;.ra:)lfcl\l;[;m Length, m | Line N](;'r;fcl::‘sm Length, m
A 7 7,186 F 7 11,022
B 16 18,579 G 28 25,171
C 25 21,506 H 7 17,284
D 1 947 I 9 10,785
E 28 32,157 J 5 9,676
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Fig.(4.3):The Main Sewer Box Layout of Sulaimania City,

(DOSWS, 2017)
Table (4.2): The Details of the Sewer Box Outlets
Lin
Outlet No. Size Type of Box Sewer e
Ol 250mx2.50 m Single Box A
02 2.50mx 2.00 m Double Box B
03 3.00mx 3.00 m Double Box C
04 2.00 mx 2.00 m Single Box D
05 3.00mx2.75m Single Box E
06 3.00 m x 3.00 m Single Box F
07 2.50 mx 3.00 m Single Box G
08 2.50 mx 3.00 m Single Box G
09 2.00 mx 2.00 m Single Box I
0o10 2.00mx2.50 m Double Box H
Ol11 1.00 m x 1.00 m Single Box J

4.5 The Existing Green Areas

There are many green zones (areas) in Sulaimania city like green parks
with different sizes, green sectors in the road medians and green areas inside
many residential compounds. Some of green zones are exist, others are
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proposed and some are under construction. The total green land size of the
study area is about 17 Km®, (GDOSM-Gardens, 2017) . In the study some green
arcas were excluded such as; (1) the green areas inside the residential
compounds, (2) Hawari Shar park as there is a plan to have its own reusing
system (Shar, 2018), (3) some green areas that located on the mountains and
(4) Cemeteries. The total considered green areas are 4.74 Km®, which
consisted of different trees, flowers and grasses, as shown in Fig.(4.4). Water
resources of irrigation of the existed green areas depend mainly on wells.
Some of the wells are located at the same location of the green parks, some
are far away, and trucks are used for conveying the water. The existed green
areas are 85% of the total area, while 15 % are proposed and under
construction (GDOSM-Gardens, 2017).

i

{srver_&ren_Barder

Waim Euburbs

Fig.(4.4) : Green Areas of the Study area
(GDOSM-Gardens, 2017)

4.6 Preliminary Selections of the Nominated Areas

A careful site study, visits and many interviews with authority
representatives were made to collect information about the study area. The site
visits to the districts were done during the research study and the visits were
focused on data collection related to, (1) type of buildings, (2) sewer system,
(3) populations, (4) available lands, (5) green areas and (6) the sewer outlets
of each sewer line. Selecting the locations of the DWWTUs is considered as
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one of the essential elements in the work. The site locations of the treatment
units have many effects such as; amount of reusing, cost of wastewater
reclamations, amount of available water, and the cost of the sludge disposal.
Selecting proper site locations of the DWWTUs can be affected by a number
of factors such as; environmental parameters, economic considerations, social
factors, technical aspects and reusing purpose.

From the site visit reports and the GIS map of Sulaimania City a
preliminary selection of the site locations was done based on a number of
criteria explained hereafter:

1. Size of the selected site location area is not less than 1,200 m*
2. The site locations are not at the beginning of the sewer network and not
far from the water networks.
The selected locations have accessibility to the roads
4. The selected lands are not located on a high leveled area in compare to
the sewer box level
5. The selected site locations are located inside or close to the green areas

Based on the mentioned criteria, 134 nominated locations were selected
and arranged into 10 groups which are; NA, NB, NC, ND, NE, NF, NG, NH,
NI, and NJ located close to sewer lines A, B, C, D, E, F, G, H, I and J
respectively. Fig.(4.5) shows some nominated areas located on lines A and B.
The details of each nominated area are shown in table (A.2) in appendix A.
The selected areas are evaluated and classified to find the suitability of each
site location by applying Multi Criteria Decision Model (MCDM) using GIS
integrated with Analytical Hierarchy Process (AHP). From the results of the
suitability model, the best suitable areas are selected.

(98]
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Fig.(4.5): Some Nominated Areas on Line A and Line B, (Researcher)

(39)



Chapter Four Research Methodology

4.7 Multi-Criteria Decision Model

MCDM is used to select the suitable locations for the proposed
DWWTUs. Five suitability criteria are used: (1) the size of the nominated
areas, (2) distances from the nominated locations to the green areas, (3) slopes
of the nominated areas, (4) population densities of the district where the
DWWTUs will be placed and, (5) depth of the sewer box at the nominated
area’s location. Two restrictions are used in the model, which are: (1) the
minimum distances of locations of the nominated areas are 30 m away from
the surrounding buildings (EPA, 2000, p. 7) and, (2) the maximum distance of
the main sewer box to the nominated areas is 50 m. Weighted Linear
Combination (WLC) algorithm is used in the model. The suitability criteria
are multiplied by the product of the area restrictions to find the land suitability
index as in Eq.(3.1): Sipger= Xi=a(Wi.Ci) [Ij=; 77 which applied into
ArcGIS software by creating three GIS models, which are:

(1) Suitability Model
(2) Restriction Model
(3) Suitability Classification Model of the Nominated Areas

Figures (4.6), (4.7) and (4.8) illustrate the flowcharts of the structure of
the three models respectively. The application of those three models to GIS is
based on three main steps: data input and pre-processing, main processing,
and output maps identifying the locations’ suitability. In the Suitability Model,
the value of )./, (Wi . Ci) is calculated and the weights (Wi) of each criteria
are measured from the AHP method which is explained in paragraph 4.5.3.
The values of weights are applied in the Weighted Overlay Tool in the
ArcGIS software. The Restriction Model is used to calculate the product of the
area restrictions [[7L;7; . The third model is performed by multiplying the
Suitability Model times the Restriction Model. Six classes of the suitability of
the nominated areas are obtained as shown in Table (4.3).

Table (4.3): Suitability Classifications of the Nominated Areas, m’, (Researcher)

No. Classification No. Classification
1 Restricted (R) 3 | Very Suitable (V.S.)
2 | Moderately Suitable (M.S.) 4 | Highly Suitable (H.S.)
3 | Suitable (S) 5 | Extremely Suitable (E.S.)
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Fig.(4.6): The Flow Chart of the GIS Suitability Model Construction, (Researcher)
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Fig.(4.7): The Flow Chart of Restriction Model Construction, (Researcher)
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Fig.(4.8): Flow Chart of GIS Suitability Classification of the 134 Nominated Areas
(Researcher)

4.7.1 Suitability Criteria

Five layers are used in the ArcGIS and each represents a suitability
criterion. The criteria are measured in five different scales therefore; they are
all classified in the GIS using Reclassify Tool. The reclassified layers will be
weighted (multiplied by Wi and the results of the ranked layers are applied
into the Weighted Overlay Tool of the ArcGIS to find Suitability Model’s
outcome. The details of each suitability criterion are shown below:
(1) Size of the nominated area (NA): The sizes of nominated areas that
selected in Sulaimania city are different, ranged from small areas inside the
city while large areas are located at the end of the city. The sizes of the
nominated areas are classified into 7 ranks. The large areas will take higher
rank as big areas will enable large DWWTUs to be installed and higher flow
will be reused for irrigation. Fig. (4.9) shows the classified nominated areas
according to the sizes.
(2) Distance to the green areas: The distances to the green areas from the
nominated lands are calculated using Euclidean Distance Tool in ArcGIS and
classified into 7 ranks. The closer distance will take bigger rank as once the
distance is close it will be better and it will give less cost of conveying water
to green areas. Fig.(4.10) shows the classifications of the nominated areas
according to the distances to the green areas.
(3) Slope of the nominated areas: The natural land slopes of the study area
(Sulaimania City) are classified into 5 classes. Less land slopes will take
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higher ranks in the model as it is more suitable for the installation of
DWWTUs in terms of construction and operation. Fig.(4.11) shows the
classification of the slope of the city land.

(4) Population density: Information about population of Sulaimania city
from (DOSS, 2017) and from (GDOSM, 2017) was taken for each district of the
city. Population density of the districts where the nominated lands were
selected has been calculated individually. There is a significant difference in
the population density in Sulaimania city between the districts. Old areas are
crowded while new areas have small population density. Moreover, some
places contain vertical building (residential complexes); they are also
considered in the calculation of the population densities. In the GIS the
population densities are classified into 7 classes. Areas with low population
density will take high ranks, as it is not preferred to install DWWTUs in
crowded areas. Fig.(4.12) shows the classifications of the population density
of Sulaimania city. It was a big challenge to find the population of each
district of the city. The available data of population of Sulaimania city from
Directorate of Statistic was for 2009 and it was only for 101 districts.
Population data from Sulaimania Municipality of 2002 was also taken and it
was for 76 districts. The missed data was found by measuring the number of
houses for new districts from AutoCAD and GIS maps and from site visits.
The average number of capita per house was considered as 5.5 person (DOSS,
2017).

Geometric Population forecasting of 2018 is adopted in Sulaimania city
and the annual rate of growth is equal to 3% as shown in Eq. (4.1 (GDOSM-GIS,
2017) and (Seureca, 2003, p. xi). Table (A.3) in appendix A shows the details of
the populations of each district of Sulaimania city. Eq.(4.1) is used to find the
population forecasting, (Gawatre, et al., 2016) ;

P =P,x(1+r%)" 4.1)

Where

P,  forecasted population at year t ,(t =2018)
P,  base population

r rate of growth, (7 =3%)

n no. of years

(5) Depth of the Sewer Box at Nominated Areas: The depth of the sewer

box at the location of the nominated areas is very important, as it will specify
the need of using pumping to lift the wastewater from deep sewer box to the
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treatment units. The depths are calculated for all main sewer boxes from the
ground to the bottom of the sewer box. The depths are ranged from 2.10 m to
9.40 m and the calculations details of the ten main sewer lines are shown in
tables (A.4a) to (A.4j) in appendix A. The nominated areas are classified into
7 classes based on the depths of the sewer boxes. Small depths are preferred
and it will take higher rank as shown in Fig. (4.13).
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Fig.(4.9): Classified Nominated Areas (NAs)— Based on Size of Areas , (Researcher)
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Fig.(4.12): Classification of the Population Density of Sulaimania
City at each Suburbs, (Researcher)
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Fig.(4.13): Classification of the Nominated Areas Based on the
Depth of the Sewer Boxes at the Nominated Area , (Researcher)
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4.7.2 Restrictions criteria

The nominated areas should be close to the main sewer box to avoid
high costs of connection works from the proposed DWWTUs to the sewer box
and also to keep construction work far from the residential areas. The distance
from the sewer box to the residential buildings are taken based on the
characteristics of the area such as, average street widths and the distributions
of the buildings. The width of the city’s main street is 20 m, while the street
widths inside residential areas are ranged from (5 -10) m or less in some
places (GDOSM-GIS, 2017) and the buildings arrangement are close to each
other. Therefore, a distance of more than 50 m will cause a big cost of
excavation, construction and destruction of the surrounding area. In the GIS
the sewer box line is buffered with a distance of 50 m from each side. The
values within the buffer area (green color) will take a Boolean value of one
while values outside the buffer area are the restricted area, and it will take a
Boolean value equal to zero. Fig. (4.14) shows the restricted area around the
sewer box. According to the environmental restrictions, the proposed
DWWTUs should be far away from the residential buildings at least by a
distance of 30 m (EPA, 2000, p. 6); the building layer is buffered with a distance
of 30 m in the GIS program. The restricted areas are inside the buffer area and
will take a Boolean value of zero (grey color). The area outside the buffered
area is the allowable areas, and it has a Boolean value equal to one. Fig.(4.15)
shows the details of the buffered areas around the buildings.
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Fig.(4.14):Restricted Areas around the Sewer Box, (Researcher)
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Fig.(4.15):Restricted Areas around the Buildings, (Researcher)

4.7.3 Analytical Hierarchy Process (AHP)

In this method, the magnitude of preference (the weight Wi) between
factors is reflected. The influence of the factors is specified based on
experience and wise judgment. The area size criterion is the preferred factor in
comparison to the other factors as the land values are high inside the city.
Moreover, obtaining lands inside the study area is difficult. The second
preferred factor is the distance to the green areas as it has a significant effect
on the cost of reusing the treated wastewater for irrigation. The city has a
mountainous feature and far distances will need pumping to convey the treated
wastewater, in addition, for long distances the lengths of the conveying pipes
will be longer and that will be more expensive. The slope factor has less effect
among the other suitability criteria as it is not difficult to change the
nominated area’s level and make it flat. The cost of leveling the area is less
than the land value and less than the cost of water conveying. Population
density also is important as treatment units in crowded areas may not be
accepted by the people and it needs additional precautions and expenses.
From practical experience, the additional precaution cost is still less than the
cost of the land and cost of the distance to the green areas. Finally, the depths
of the sewer boxes are evaluated also from practical experience and it is clear
that for deep sewers, pumps will be required to lift the sewage to the treatment
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units which is not preferred. The costs of pumps are almost the same cost of
conveying the treated wastewater to green areas but less than the cost of the
lands and more than the cost of the land flatting. Table (4.4) shows the
Pairwise Comparison Matrix for the five mentioned criteria.

Table (4.4): The Pairwise Comparison Matrix of the Five Criteria, (Researcher)
Suitability Criteria Nominztted Distance to Slope Popula.tion Sewer Box
Area size GRs Density Depth

Nominated Area Size 1.0 2.0 3.0 2.0 2.0
Distance to GRs 0.5 1.0 2.0 2.0 1.0
Slope 0.33 0.5 1.0 0.5 0.5
Population Density 0.50 0.5 2.0 1.0 1.0
Sewer Box Depth 0.50 1.0 2.0 1.0 1.0
Column Sum 2.83 5.00 10.00 6.50 5.50

The normalized pairwise comparison matrix is derived by applying Eq.(3.2)
by making the sum of the columns equal to one as shown in Table (4.5);

Table (4.5): The Normalized Pairwise Comparison Matrix of the Five Criteria,

(Researcher)

e 1 et . Nominated | Distance to Population | Sewer Box
Suitability Criteria Area size GRs Slope Density Depth
Nominated Area Size 0.35 0.40 0.30 0.31 0.36
Distance to GRs 0.18 0.20 0.20 0.31 0.18
Slope 0.12 0.10 0.10 0.08 0.09
Population Density 0.18 0.10 0.20 0.15 0.18
Sewer Box Depth 0.18 0.20 0.20 0.15 0.18
Column Sum 1.00 1.00 1.00 1.00 1.00

The values of Wi is found by applying Eq.(3.3) and the detail is shown below:
W for Criterion number one (Nominated Area Size) is calculated as in below:

W1=(0.35+0.40+0.30+0.31 +0.36)/5=0.35=35%
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4.8 Cost Optimizing Model

After specifying the suitable locations of the DWWTUSs the next step of
this research is to create a mathematical model to optimize the cost of reusing
the treated wastewater from the 31 DWWTUs for irrigation purpose in
Sulaimania city. It is planned through this research to specify the amount of
flow that could be treated by each DWWTU based on the required reclaimed
water for irrigation. The objective optimization equation is a function of the
cost of the treatment unit, the piping system, and the pumping cost and they
are all functions of the treated flow. The capacity of each DWWTU will be
calculated also as an output of this model. The amounts of available
wastewater flow at each sewer box line and at each optimized nominated area
that will be treated and reused are calculated in the following paragraph.

4.8.1 Wastewater Flow Calculation:

Sulaimania city consisted of residential, commercial, public and
industrial areas. The commercial buildings in the city includes many shops,
handicrafts, business buildings, malls, shopping centers, restaurants, hotels,
motels ,cafes, oil stations, car services, warehouses ..,etc. The locations of
commercial buildings are distributed all over the city and have small effects
on each individual DWWTUs. The car service buildings and maintenance
arecas are located mainly in a district called Peshasazi 416 as shown in
Fig.(B.1) in appendix B. Therefore, no nominated areas are located in that
area as the flow contains chemical that required advanced treatment. The
details of the non — residential areas of the city are shown in Table(4.6). The
sizes of the facilities mentioned in the table are small in compare to the total
area of the city and they are scattered all over the city. Therefore, the
considered contributing parts of the amount of wastewater flow will be for (a)
Residential Buildings and (b) Residential Complexes.
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Table (4.6): Area Sizes of the Non-Residential Districts of Sulaimania City

(GDOSM-GIS, 2017)

No. Type Area, ha | % of total area
1 | Commercial (Shops and Handicraft) 503.37 4.9%
2 | Administration Buildings 192.65 1.9%
3 | Health Facility 66.37 0.6%
4 | Schools and Universities 276.00 2.7%
5 | Religion Buildings (Mosques) 24.74 0.24%
6 | Religion Buildings (Churches) 0.93 0.01%
7 | Sport facilities 21.85 0.21%

a. Residential Buildings:

Wastewater is collected from the residential areas through HDPE pipes
with diameters ranged from 150 mm (house collecting pipe) to 1200 mm
(Lateral and main pipes) which are connected to main concrete sewer boxes
(DOSWS, 2017). The amount of wastewater from the residential areas that reach
each DWWTU 1is estimated from Eq. (3.13). The results of the flow
calculation of the residential areas are shown in tables (A.8a) to (A.8)) in
appendix A. Sample of calculation for estimating the flow at optimized
nominated area OA1 is shown below;

Sample of Calculation of Flow of Optimized Nominated Area OA1l
The steps of the flow calculation are as in beneath;

1. Specify the nominated area’s boarder (Ag), which is the part of district
that their sewer system networks will discharge it’s flow into the
nominated area OA1 as shown in Fig.(4.16). The optimized nominated
area OA1 will serve districts Qaiwan 514, Qaiwan 510, Hawari Shar
508 and Chnarok 172 as the A; of each district are 686,973 m’
209,208 m?, 381,694 m’, and 485,364 m” respectively.

2. Find the population at A¢ of the districts as in below:

A
Capita = A—f x Population of district (4.2)
T
Where :
A, Nominated area boarder (area of flow), m’
Ay Total district area, m*
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VY

i - ] . - - F'il'._l'llllérlkn 16 | i"
Fig. (4.16): Wastewater Collection at Optimized Nominated Area OA1, (Researcher)

3. Find the wastewater flow in the Sewer box at the nominated area Q,, by
applying Eq.(3.13):

Q.= (0.25 m’/Cap.day) x 80 % x Cap.
The results of the wastewater flow that reach the DWWTU named OAl are
shown in Table (4.7):

Table (4.7): The Results of Flow Calculation of DWWTU named OA1, (Researcher)

) ) Capita at Flow
District Name | Population | Ay m Ag, m” | A¢/Ar | Area of m}/ d a’y
Flow
Qaiwan 514 4,932 686,973 | 686,973 | 1.00 4,932 986.49
Qaiwap 510 2,503 209,208 | 209,208 | 1.00 2,503 500.59
Hawg(r;SShar 2,559 381,694 | 381,694 | 1.00 2,559 511.89
Chnarok 172 8,317 746,714 | 485,364 | 0.65 5,406 1,081.18

Average available total flow at optimized nominated area OA1 | 3,080.15
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b. Residential Complexes

The study area includes 31 residential complexes located at different
locations in Sulaimania city as shown in Fig. (B.2) in appendix B, (GDOSM,
2017).. The flow from each residential complex is calculated by applying
Eq(3.13) as below:

Quvw: average water supply flow = 0.20 m’/Cap. day, % Return = 80 % ,
Capita = 5 cap/flat (DOWS, 2017)

The details of the wastewater flow produced from residential complexes are
show in table (A.9) in appendix A. The total average flows through each
sewer box during DWF that been calculated from both residential buildings
and residential complexes are shown in Table (4.8).

Table (4.8): The Amount of Average Flow Calculation through each
Sewer Box during DWF, (Researcher)

Sewer Box | Flow, m3/day No. of Nominated Areas
3,080 1

21,116
25,265
2,624
53,580
16,328
35,124
9,132
9,779
14,543

—|—|T|Q|H|m|g|O|wm| >
ND(W WA~

Total 230,160

w
[uiry

c. Infiltration:

Is the water that enters the sewer system from the ground through
defective pipes, pipe joints, connections, or manholes (EPA, 2014). The water
table levels in the study area ranged from (650 m to 1025 m) amsl (
Qaradaghy, 2015) and the depths of the water table are ranged from 10 m to
50 m. The sewer pipes are above the groundwater with a distance of more than
4 m at least even when the pipe depths reach 9 m then the infiltration is
neglected in the study area.
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d. Wastewater during Wet Weather Flow (WWF)

The sewer system of Sulaimania city is combined and in this research
only Dry Weather Flow (DWF) is considered in the flow calculation as only a
limited amount of the available wastewater will be taken to the DWWTU. The
remaining amounts will pass through the sewer box. Only the wastewater
quality will change during the storm time and that will be explained in the
treatment details.

4.8.2 Green Areas’ Water Demand

The total number of green areas that considered in the study is equal to
827 plots (GDOSM, 2017).The amount of irrigation demand will depend on the
type of plants at each green area. Since the number of green areas are large, it
will be difficult to know the details of type of vegetation. Also the available
information does not explain the details of the contents of the landscapes.

Moreover, information related to the meteorological of Sulaimania City
is not available to calculate ET,. Therefore, the water duty value of the green
area’s irrigation is taken from an existing project in Sulaimania City which is
the project of the irrigation system of New Sulaimania University Campus.
The values that used in this project are 9 mm/day for grass and 3 mm/day for
ground covers and trees (Tepe Construction Industry Inc, 2010).

In this research, one value of ET, is taken as 10 mm/day for all the
plants in the green areas. PF/ IF values are taken to be equal 1.0 and by
applying Eq.(3.24) to find the water Duty;

ETc, (m’/day) = 10 (mm/day) x (1.0) x SF (Area, m®) x 10~ (m/mm)

Sample Calculation of Green Area (GR1)

SF = 3,563 m” (The area size of GR1)

Located in Baranan 107 district area,

The demand = 10 (mm/day) x (1.0) x 3,563 (m?) x 10” (m/mm) =35.63 m’
Irrigation demand of each green areas in Sulaimania City (Q, = ETc) are
shown in table (A.10) in Appendix A.
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4.8.3 The Objective Function

The aim of the optimization model is to calculate the amount of
reclaimed water that will be reused from each treatment unit for irrigation of
green areas and the capacity of the DWWTUs will be determined. Each
DWWTU is surrounded by a number of green areas with different sizes and
distances. In addition, some of the green areas are close to more than one
DWWTUs. The optimum solution will also state the green areas that will be
irrigated by each DWWTU. The developed objective function incorporates the
cost of the DWWTU and the cost of the water pipelines to convey the
reclaimed water to the green areas.

In this paragraph, the objective function (F) details and constraints are
defined. The cost equation consists of the cost of the treatment units and the
cost of conveying the reclaimed water to the green areas as shown in Eq.(4.3).
The components of the cost equation are functions of the amount of treated
flow (Q) that reach each green area from different DWWTUs. The amount of
Q that gives the minimum cost value is obtained from the results of the model.

F=FT+ FP+Fm (4.3)

Where:

F:  total cost function, $

FT: treatment plant cost, $

FP: piping cost, $

Fm: pumping cost § (if pressurized pipe is used)

The details of the objective function are shown below:

1. The Treatment Plant Cost (FT)
The cost of construction and cost of operation and maintenance (O&M)
of the treatment plant is considered. The general equation of the cost is as

shown in Eq.(4.4), (Tsagarakis, 2003, p. 188):

F=a PE® (4.4)
Where

F: construction or O&M cost, $

PE: population equivalent,

a,b: calculated coefficients
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Calculating the values of the parameters (a and b) required real data
related to the local market costs of existed extended aeration treatment plant.
Unfortunately, there is no specific available data for the study area for such
estimation. Hence, equations listed in literature are used as an alternative. As
expected, this affects the estimated cost, but not affects the decision-making
about the optimum sizes of the DWWTUs due to the relative effect, as the cost
equation is used for all the treatment units. (Tsagarakis, 2003, p. 204) developed
cost equations of the construction and the operation and maintenance (O&M)
of a whole extended aeration plant in Greece as shown in Egs.(4.5) and (4.6)
respectively.

a. Construction Cost - FT1
FT1=(0.153) PE """ (4.5)

Where:
FTi:  Construction cost in 10°$/1000 population equivalent,
PE: Plant size in 1000 population equivalent

b. O&M Cost - FT2
FT2 = (0.0083) PE "% (4.6)

Where:
FT2: Annual O&M cost=10°$/1000 population equivalent,
PE:  Plant size in 1000 population equivalent

Cost of O&M was capitalized (F72") , from table project time life = 25 yr, 1
=10% (Interest Rate), P/A factor (Present Annual Payment) = 9.077, as
follows, (Blank, 2012, p. 595) :

FT2' = (0.07534) PE "% 4.7)

The treatment plant’s cost F7 is found from Eq.(4.5) and (4.7) as in shown
below:

FT =(0.153) PE """ + (0.07534) PE **" (4.8)
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Converting the PE to Q (flow m’/sec):

O = Population x (water demand 0.25 m’/capita .day) x 80% (Return factor)
O = Population (Cap.) x (2.32 x 10®) m’/sec. capita,

Q = Population /432,000

PE = Population/1000

PE= 0O x (432),[0, m’/sec] 4.9)

Substitute into Eq.(4.8), The cost is multiplied by 10°to be in $ ;

FT=(12.61x10° 0"+ (9.73 x 10°) 0**" (4.10)

2. The Piping System Cost (FP)

The reclaimed water discharged to the surrounding green areas through
pipe networks, and it could be by gravity or by pumping depending on the
elevation differences between the locations of the DWWTUs and the green
areas. The pipe head loss also considered in the calculation. Pipe lengths and
land elevation differences are calculated using GIS as explained in a later
paragraph. The general cost equation form of the pipe cost used in the research
1s shown below, (Swamee, 2008, p. 82):

FP=K, L D" (4.11)

FP: the pipe construction cost [the pipe cost+ installation], $
L: pipe length, m

D: pipe diameter, m

K,, »:  coefficients related to the pipe material

From the local market prices of HDPE — 100, PN16, values of K, = 63.494,
and m = 1.2616, the calculation detail is shown in table (A.11) in appendix A.
By applying the values of m and K,, into Eq. (4.12), the cost equation of the
pipe will be as shown below:

FP= Cost = 63.4.94 D" x L (4.12)
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The treated flow will be stored in tank T1 in the DWWTU’s location and
discharged to tank T2 in the green area. The residual pressure at T2 assigned as
a constraint to be > 2 m. The residual head estimated due to the elevation
difference between the locations of the DWWTU’s and the green areas and the
head losses of the conveying pipes as in the Eq. below:

Residual Pressure = (Z,—Z;) — (hyx 1.2) (4.13)

Where

Z,. the elevation of the DWWTUs locations, amsl

Z;: the elevation of the green area, amsl

hi the pipe head loss , m, [ multiplied by 1.2 for minor losses]

it (Z,—Z2;)-(hyx 1.2)>2 Then the gravity pipe will be used
it (Z,—Z;)-(hyx 1.2)<2 Then Pumping will be used

The Hydraulic Constraints:

D’
0.6 <v<1.5 m/sec, v= % , A=m i residual pressure at Tank T2 >2 m
From Darcy equation, /4, is found as in Eq.(4.14), (Swamee, 2008, p. 14);
8fLQ’
hy = 4.14
f 7r2g D5 ( )
64 .8 € 5.74 2500 (6 +-16 5 0.125
= — + + o (==
SN o5 (=t 200 ) - (22 (4.15)
490
Re = (4.16)
rtvoD
Where;
hs pipe head loss , m
v kinematic viscosity of fluid , m?/s
L: pipe length, m
O: treated effluent flow, m’/sec
g gravitational acceleration = 9.81 m/sec’
& pipe roughness height, m
f: the pipe roughness coefficient, [for laminar and turbulent flow]
Re : Reynold Number
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The values of the parameters are: v at 20 °C= 1.012 x 107 m’/sec, & for
HDPE 100 = 0.05x 10° m

Pump Head — Pressurized Pipe
ho-(Z1—Zp)— (hyx 1.2)> 2, (4.17)

Where
h,:  the pump head, m

3. The Pumping Plant Cost (Fm)

The cost equation of the pumping (Fm) consists of the costs of pumping
house construction C, and the operation cost 4e , as shown below (Swamee,
2008, p. 81):

Fm =C, + Ae (4. 18)
Where:
Fm: cost of the Pumping system, $
C,;  cost of pumping plant construction, $
Ae:  cost of pumping operation, $/yr

a. Pumping Cost (C,) in terms of Flow
C,=K, P (4. 19)

Where:

K,: coefficient

P:  power in KW
m,:  an exponent

(I+Sb)p g O hy ]

P=1 1000 1

Where:

(4. 20)

0. Density of water , Kg/m’

O: flow, m’/sec

h,: pump pressure head , m.

Sy, stand by fraction of the pump = 0.5 - 0.75 (use 0.5)
77: Pump efficiency = 0.68
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The parameters K, and m, are related to the market prices and construction
material type and it will be obtained from a known set of pumping capacities
by plotting a cost curve. (Swamee, 2008, p. 82) used a list of a real pumping
station cost data and obtained values of K, and m, to be equal to 5560 and
0.723 respectively. By substituting Eq.(4.20) into Eq.(4.19) and applying the
parameters the pump cost C, will as in Eq.(4.21):

15pg Oh, 1 0.723

C,=5560 [ 10004

(4.21)

b. Cost of Operation of Pumping Plant (Ae)
The pumping system cost includes the annual operation cost of pump energy
in $/year as shown in Eq. (4.22) (Swamee, 2008, p. 87):

de= [222 hﬂ" 0 Re ) (4.22)
Where

Ae: the annual cost of pumping station operation, $/year

0 Pump flow, m*/sec

n: pump efficiency, let 77= 68 % (assumed)

Rg: rate of electricity cost, $/ KW-hour

Capitalizing Annual costs of O&M of the Pumps
From table project time life = 25 yr , i =10% (Interest Rate) , P/A factor
(Present Annual Payment) = (9.077) , as follows, (Blank, 2012, p. 595) :

8.76 p h R
de' = [2L nOQ £l x.077) (4.23)
Where:
Ae". The capitalized cost of the pumping station operation, $

Substituting Eq. (4.21) and (4.23) into Eq.(4.18):
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1.5 hy, 073 876 p h, O R
Fm=5560[%] + [ nQ £ x9.077) (4.24)

4.8.4 Pipes Layout and Length Calculations Using GIS

GIS map and software used to find the lengths (L) and best routes of the
pipes that convey the treated wastewater from the DWWTUs to the green
areas. Network Analysis - OD Cost Matrix method is used to find the least
cost paths along a network from a number of origins to certain destination
points (ESRI, 2013).The road layer of Sulaimania City is used as a path layer of
the pipe routes that connecting the DWWTUSs and the GRs. In this study, the
optimized nominated area’s locations centroids represent the origin (31
points), and the green areas centroid represents the destinations (827 points).
The cutoff distance in the GIS network analysis was selected to be equal to
1000 m (the maximum path length from the origin to destination point). The
result shows the paths between each DWWTUs location and the surrounding
green areas (within the 1000 m path). Although the lines are straight, they are
representing a real path distance through the road layer between the origin and
the destination point. The structure of the GIS Network Analysis — OD Cost
Matrix is shown in Fig.(4.17). Each DWWTU is connected to a number of
GRs, and on the other hand, some GRs are connected to more than one
DWWTU.

Optimized NA GR Map Main
Map Street Map
v

Y
Feature Feature
to Point to Point
. '
v v
Centroid of Centroid of Best Route
Optimized NA GRs Feature Class
| i
v
Network Analysis OD — Cost
Matrix
v

Routes from Optimized NA
to GRs

Fig.(4.17): The Flow Chart of GIS Network Analysis OD — Cost Matrix , (Researcher)
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4.8.5 Elevation Difference between the DWWTUs and the GRs

Elevation differences (ELD) between the locations of the DWWTUs and
the GRs that linked with is found to specify whether the conveying will be by
gravity or by pumping. The elevations of the study area are found using
Digital Terrain Model (DTM) map in GIS of the Study area. The flowchart of
the GIS structure of the process is shown in Fig.(4.18). The ELD between the
locations of the DWWTUs and the green areas are calculated. The depth of the
sewer box at the DWWTU and the depth of the underground treatment unit
(4m) are considered when calculating the elevation difference.

Optimized
Nominated Area C DTM Map <
Centro1ds Centr01ds

&
[«

A

Finding
Elevations Extraction by
Points
v
Elevations of Optimized Maps of Elevations of
Nominated Areas and GRs and DWWTUs

Green Areas Locations

Fig. (4.18): The Flow Chart of Finding the Elevations of DWWTUs
Locations and Green Areas Process using GIS, (Researcher)

4.8.6 The Transportation Model and the GA

Transportation model will provide the best way of distributing the
reclaimed water to get the minimum cost of conveying and the maximum
benefit. The reclaimed wastewater will be conveyed from the DWWTUs
(origin points) to the green areas (destination points). The whole site
(Sulaimania City) was considered together in a one transportation matrix, as
there are some green areas that could be supplied from deferent DWWTU .
The cost element in the model is only for the piping network and for the cost
of pumping system (if pressurized pipe is used). The cost of the treatment
plant is not included in the transportation model and it will be measured
separately based on the amount of flow that  will be specified according to

(83)



Chapter Four Research Methodology

the amount of required reclaimed water for each green area.GA in a matrix
form is used to solve the optimum amount of supplied flow to the green areas
from each treatment unit. The methodology of the algorithm is by distributing
the flow from each treatment unit to the connected green areas groups (within
the 1000 m path). The amount of flow that will reach the green areas from the
DWWTUs will be changed randomly and the cost will be calculated
repeatedly until reaching the optimum solution. The details are shown in the
following paragraphs:

a. The Transportation Model:

As explained in previous chapter three, the transportation model is
represented by the amount of flow of reclaimed water Qij that supplied from
each DWWTUs i (origin i) to each green area j (destination j) through pipe
networks. The transportation array is representing the cost of supplying
reclaimed water fij from each origin to each destination as shown in Fig.
(4.19). The size of the array is equal to [31 x 827] as there are 31 DWWTUs
and 827 green areas in the study area. The amount available (ai) represents the
available reclaimed water flow treated at each DWWTU (origin i) and the
amount required (bj) represents the irrigation demand of the green areas
(destination j) . From the results of the OD — Matrix Analysis of GIS not all of
the green areas will be supplied with water and that is because of either they
are not close to any treatment unit or they are out of the cutoff path (1000 m).
Those green areas that have no connection with the treatment units will be
exist in the matrix but an amount of zero flow will be allocated for them.
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To Destination j (Green Areas GRs) Amount
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Fig. (4.19) : The Transportation Array of Conveying Flow from the DWWTUs to
the GRs , (Researcher)

The value of cost fij represents the cost of piping from the DWWTUs to the
green areas and the cost of pumping (if pumping is required) , it is found by
applying Eqgs.(4.12) and (4.24) as in below:

Total f; = 31,337

_ y3 y827 31 827
o1 = Ziti Xyt FPy + X5, X% Fmyg

(4.25)

The total cost F' of the objective function is equal to the cost of the treatment
plants /T and the cost of piping and pumping ( Total f; ) . The FT cost is
obtained by applying Eq.(4.10) and as in below:

Total FT= (12.61x 10°) 31,077 + (9.73x 10° 31, 0.%" (4.26)

F=Total f; + Total FT
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Model Constraints

There are number of constraints in the model related to the amount of flow
and others are related to the residual pressure at the green areas. Three
constraints related to the flow should be satisfied which are:

(1) Constraint-1 : the amount of flow that reach each green area from the
treatment units should be equal to the required demand at each GR.

0, by, = 12,827

2) Constraznt—2 : the total amount of flow required at each GR should be
equal or less than the available flow .

%2 Q. ai  i=12...31

(3) Constraint-3 : the amount of flow from each DWWTUs should not be a
negative value .
0;>0, i=1,2,..,31, j=1,2,..827

The constraint that related to the residual pressure is for both pressurized and
gravity pipe, the residual pressure at the green area (tank T2) should be > 2 m
as explained in the objective function.

b. The Genetic Algorithm (GA)

GA is utilized to solve the model to get best values of Q; that gives the
minimum cost solution F. Matrix form GA is used and the steps of the GA that
been followed in the process are as shown below:

i. Initialization: in this step a random number of solutions (Np =100, 200,
300, 400, 500, 600, 700, 800, 900, and 1000) are created based on
different Q; and each solution represents a chromosome. Each
chromosome is represented in a matrix of size [3/ x 8§27, NP]. Solutions
that not fulfilled the constraints will be eliminated. For instance, for NP
=1000 if only 700 solution satisfy the constraints, the new NP will be
equal to 700.

ii. Selection: In this research all parents that satisfied constraints 1 and 2 are
selected to be mated, that means 100% of the populations will survive and
no chromosome will be killed.

iii. Crossovering: new solutions will be produced by creating offspring from
parent populations. Since the summation of each column represents the
demand of each green area (bj) the crossovering process will done for
columns to fulfill constraint- 1. Different location points (PCO) are taken,
PCO =5, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
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700, 750 and 800 for each NP. The process is illustrated in Fig.(4.20) and
Fig.(4.21).

Chromosome of parentl (Oy)

— PCO —

| E
Qi1 Q125 1 Quzp Qi g2y
Q215 Q225 ¥ Qo3 ... Q28277
Q315 Os25 : Q335 -...Q3 8277

- |
Q3115 Q31260 Q3135 +--.O31 8277
|

Chromosome of parent2 (0,,)

s
= |
Qum, QJZrm IQ13m: QJ 827m
O20m Ooome V1023m .o O2827m
Q31m O32m :Q33m, e O3 827m
|
‘ |
31 1m0 O31 200 1931 3m0 - Q31 827m

Fig.(4.20) : The Parents Before the Crossovering — PCO =2
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Oszim Ozom | Q33ﬁ .03 827
. |
|
’ |
Os1 1m O312m |Q31 3 .03 827f

Fig.(4.21): The Produced Offspring after the Crossovering, (Researcher)

New population is created from the crossovering process and the new
population will have a size equal to (2 x Np) [parents + offspring]. The
new solutions are checked if it satisfied the constraints and the final
population consists of the solutions that fulfill the constraints.
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iv. Evaluations: The solutions that produced in step (iii) are applied into the
objective function [Egs.(4.29) and (4.30)] to find the cost values of each
solution. The cost results (F,,;,) are arranged in an ascending order to find
the optimum cost solution.

v. Iterations (It): The above steps (i to iv) are repeated four times (It = 4)
and for each iteration the optimum cost solution is calculated. The final
solution will be for the least cost results.

c. The Matlab Programing

The transportation model and the G4 are implemented by using Matlab

2018a software program. The details of the program are illustrated in the
flowchart as shown in Fig. (4.22). Below are some clarifications related to the
program and the flowchart:

1.

Data Input: data input in the flowchart is related to the pump
properties that were mentioned in Egs.(4.15) and (4.24). Moreover, data
of the elevation differences, results of pipes lengths, the available
sewage flow at each optimized nominated area, and the demands of the
green areas.

. The Pipe Lengths : In the program the lengths of pipes are represented

in a matrix form L(i , j) with dimensions equal to L [3/ x 827] , and
each value in the matrix represents the length of the pipe from the
specified DWWTUI to the green area GRj. For cells that has no pipe
links a value of 100,000 was allocated in the program which will give a
high cost and it will be neglected automatically from the results.

The Elevation Differences: Elevation differences are represented in a
matrix form ELD(i, j) with dimensions equal to L [3/ x §27], and each
value in the matrix represents the elevation difference between the
locations of the DWWTUs i and green area ;.

. The Available Flow: It was represented by a one dimensional matrix

form Qq(i), the size of the matrix is equal to 31. Each value in the matrix
represents the available flow at each DWWTUSs location i.

. The Green Area’s Demand: It is represented by a one dimensional

matrix form Q,(j), the size of the matrix equal to 827. Each value in the
matrix represents the demand of each green area ;.
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Creating the Random Matrix
Q[31 x 827] for each Solution Np

v
< i=1: NP

Next

\

31
-1 9y

ij=

Satisfying Constraint-1 for all solutions

by making
i, j=1,2,.....,827
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Ny=Nrtl

\
NP= N;

Specify solutions that satisfied
Constraints 1 and 2
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Iteration No. /¢
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Yes

dd= dd+1

NP=dd
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< Sol =1 : 2 xNP

i=1:31

j=1:827 l

Calculate the parameters of the
objective function for the new
population:

D = Pipe Diameter
Re= Reynold Number
f=Darcy friction coefficient

Calculate the head /4(i, j) at
the green areas

No

Yes

The Pipe is Gravity Pipe

The Pipe is
Pressurized

i=1:31
i=1:827
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E

Calculate Cost of the
Treatment Units FT

I No
Gravity Pipe
Yes
Calculate Cost of the Calculate Cost of
Gravity Pipe FP the Pressurized
D Pipe FP

Calculate Cost
of the Pumping
System Fm

Calculate Total Cost F’
F=FT+FP+Fm

< Sol =1: NP

Sorting the Solutions in
Ascending Order

( Optimum Cost F >

B Fig.(4.22): The Flow Chart of the
Matlab Program , (Researcher)
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Chapter Five
Results and Discussion

5.1 The AHP

The results of the weights of the suitable criteria using AHP method
shows that the Wi of the size of the nominated area’s factor has the largest
effect which is equal to 35 % and that was expected as obtaining lands inside

a city like Sulaimania is very crucial and difficult. The other results are shown
in Table (5.1):

Table (5.1): The weight (Wi) of the Five Criteria, (Researcher)

Suitability Criteria Weigh (W), in %
The Size of the Nominated Area 35
Distance to the GRs 21
Slope 10
Population Density 16
Depth of the Sewer Box 18

Consistency Ratio (CR) Checking
To find if the judgment was correct or it is far from reality , Consistency Ratio
(CR) was found by applying Eqs.(3.4) and (3.5) as in below:

A= (35% x 2.83) + (21% x 5) + (10% x 10)+ (16% x 6.5) + (18% x 5.5)

A=5.073
_Gm) o (5073-5)
CI 1) == D) =0.01829
For m=5, RI=1.12, (table 3.2) ;
_cr _ 001829
CR=%i 12 1087

Since CR is equal to 1.63 % (less than 10 %), it is an acceptable value and
that means that the judgment of criterion’s ranking was correct.
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5.2 Suitability Model

The results of the suitability model classified the selected 134
nominated areas into 6 suitability ranks each of them has more than one
suitability value as shown in Tables (A.5a) to (A.5)) in appendix A. The
reason that the areas having more than suitability class is that each area
effected by the six criteria together and in a different weighted values in
addition to the restriction factors as well. Table (5.2) shows the suitability
results of nominated areas NAS and NA6. Fig. (5.1) shows the suitability

classification results of nominated areas NA1, NA2, NA3, NA4, NAS, NA6,
NB3, NB4, and NBS.

Table (5.2): The Suitability Results of Nominated Areas NAS and NA6, (Researcher)

Classifications Areas in m’ Area %

NAS NA6 NAS NA6

R = Restricted 726 3,085 6.14 40.0

M.S = Moderately Suitable 0.00 0.00 0.00 0.00

S = Suitable 0.00 0.00 0.00 0.00

V.S =Very Suitable 111 1,311 0.94 17.0

H.S.= Highly Suitable 10,978 1,774 92.92 23.0

E.S= Extremely Suitable 0.00 1,542 - 20.0

Total Area of each Nominated area | 11,815 7,712 100% 100%

ig.
NA1, NA2, NA3, NA4, NAS, NA6, NB3, NB4, and NB5, (Researcher)
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To select the optimum nominated areas, the weighted average value
(WAYV) of each nominated area is found by applying Eq. (5.1) (Anderson, 2013,
p. 267):

Rx0.0)+MSx02)+(Sx04)+(V.Sx0.6) + (HSx0.8) +(ESx1.0)
3

WAV=
(5.1)

The amount of WAV of each nominated area is normalized by applying
Eq.(5.2) as shown below:
(WAV- min)

(max - min)

Normalized WAV=NWAV= (5.2)

Where:
min, max; minimum and maximum value of WAV of nominated areas
located on each sewer box

The results of the NWAYV of each nominated areas are shown in table (A.6) in
appendix A, and Table (5.3) shows the results of the NWAV of nominated
areas of sewer box group A.
Table (5.3) : The Normalized WAV of Nominated Areas Group A, (Researcher)
Nominated Areas NA1 NA2 NA3 | NA4 NAS NAG6
WAV % 10 17 16 17 25 16

NWAV 0.00 | 047 | 039 | 048 | 1.00 | 0.4l

Figs.(5.2a) to (5.2j) show the suitability classifications of nominated areas’
groups NA, NB, NC, ND, NE, NF, NG, NH, NI and NJ respectively.
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Figs.(5.2): Suitability Classifications of the Nominated Areas on lines: (a) Line A, (b)
Line B, (¢) Line C, (d) Line D, (e) Line E, (f) Line F, (g) Line G, (h) Line H, (i) Line I
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From the results of the final suitability of the GIS for each nominated
area (134 areas), NWAYV is calculated. The values of NWAYV reflect the level
of suitability of the location to be used for installing the DWWTUs. For
instance, the NWAYV of nominated area NC12 is calculated as in below;

Total area of NC12 is equal to 3,144 m” and the suitability classifications are;
R =80.65m",S=229.63m’ ,V.S=1,792.77 m*, H.S = 1,041m’ and has

no other classification levels (M.S =0 and E.S. =0).

R % = (80.65/3,144) x 100 = 2.56 %, M.S % = (0.0/3,145) x 100 = 0.0 %,
S% = (229.6/3,144) x 100 = 7.3 %, V.S%. = (1,792.77 /3,144) x 100= 57%,
H.S.% = (1,041/3,144) x 100 = 33.1 %, E.S.% =(0.0/3,145) x 100 = 0.0 %.

Substitute into Eq.(5.1);

(26x0.0) +(0.0x0.2) +(7.3x0.4) + (57x0.6) +(33x0.8) +(0.0x 1.0)

3
WAV =21%, the minimum value of WAV of sewer box line C = 12% and the

maximum value is 25%, substitute into equation (5.2);
(21-12)

WAV=

0.71

The values of NWAYV are ranged from 0.0 to 1.0 with an average of 0.5.
The optimum locations from the 134 nominated areas are the areas that have
the highest NWAV. Many reference points tried starting from 0.40, 0.45, 0.50,
0.55, 0.60, to 1.0 and it is found that the number of nominated areas that
having NWAYV > 0.45 is 92 and that will be a big number and it is also not
practical, while 31 nominated areas have NWAV > 0.5 and that seems to be a
reasonable number. Table(5.4) shows the results of the optimized
31nominated areas and table (A.7) in appendix A shows the results of NWAV
of areas. The final 31 optimum nominated areas are distributed in organized
and strategical positions in the study area and are located over the 10 main
sewer box lines. The number of the selected areas per each sewer box is
ranged from one to five. Line A has only one suitable area as the preliminary
selected areas from the beginning was only 6 areas, because line A is short
and covers small parts of the city’s districts. Figs.(5.3a), (5.3b) and (5.3¢)
shows the 31 optimum locations of the proposed DWWTUs.
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Table (5.4): Values of NWAYV of the 31 Optimized Nominated Areas, (Researcher)

Optimized Optimized
Nominated Line | NWAYV Nominated Line | NWAV

Area Area

OAl A 1.00 OF2 0.75
OBl1 0.66 OF3 F 0.76
OB2 B 0.71 OF4 0.73
OB3 0.70 0Gl1 0.74
OB4 1.00 0G2 G 0.84
OCl1 0.67 0G3 0.87
0C2 C 0.68 0G4 0.73
0C3 0.71 OH1 0.75
0C4 1.00 OH2 H 0.97
ODl1 D 1.00 OH3 0.77
OE1 0.93 OlI1 0.83
OE2 0.98 012 1 0.81
OE3 E 0.98 013 1.00
OE4 0.80 0J1 I 1.00
OES5S 0.82 0J2 0.82
OFl1 F 1.00

e g
+ s
i s
- — —

Fig. (5.3a): The Final Optimized Suitable Nominated Areas on
Lines A, B, C and D, (Researcher)
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Fig.(5.3b): The Final Optimized Suitable Nominated Areas on
Lines E, F, and G, (Researcher)

Fig.(5.3¢): The Final Optimized Suitable Nominated Areas
on Lines H, I and J, (Researcher)
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5.3 The Network Analysis — OD Cost Matrix

The results of the GIS network analysis produced 603 pipes from the
DWWTUs to the green areas. Not all of the green areas are connected with the
DWWTUs as some of GRs are out of the cutoff path (1000 m). Other cutoff
distance used in the program, such as 1,250 m and 1,500 m. The results did
not show obvious changes as the additional connected GRs have small green
area sizes with longer pipe lengths. Fig. (5.4) shows the paths (blue lines)
from OI2 and OG4 to the green areas within the cutoff route. The lines from
the optimized nominated areas to each green area represent the supplying
pipes from the DWWTUSs. The details are shown in table (A.12) in appendix
A.

L r Jr-..
A T T

TEE o

F ig. (5 4) Th esults of the Network Analys1s - OD Cost Matrlx
of Optimized Nominated Areas OI2 and OG4, (Researcher)

Most of DWWTU s linked to a significant number of green areas such as;
OEIl connected to 33 green areas, and OE17 connected to 34 green areas.
Practically it is not applicable to set out this big number of pipes from one
treatment plant. To solve the issue, green areas that connected to each
DWWTU organized into groups. Each group shares a storage tank T2 to
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receive treated water from that DWWTU. The conveying pipes connect the
DWWTUs and the storage tank T2 of each group of green areas. As a result,
the number of pipes reduced from 603 lines to 159 main pipes. For instance,
treatment unit OC3 connected to 25 green areas through 25 pipes. Those pipes
are grouped and replaced by 6 main pipes (6 groups of green areas). Figs (5.5)
and 5.6 shows the results of conveying pipe layouts of the GIS analysis from
treatment unit OC3 before and after grouping respectively. The results of
grouping of all pipes are shown in table (A.13) in appendix A. Fig. (B.3) in
appendix B shows the grouping map of all green areas of the study area.

Tl oo
LN . d o . - . T i o -y I-*
Fig.(5.5): Results of GIS Network Analysis OD — Cost Matrix
of Optimized Nominated Area OC3, (Researcher)
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The results of the elevations of the 827 green areas’ centroid points and
the 31 optimized nominated areas centroid points are shown in tables (A.14)
and (A.15) in appendix A respectively. Fig.(5.7) shows the elevations of part
of the study area.

Wain Harburin 'y
& lamww ks Comredds IIF
o ol Enosen . sl
e T

F [ Fih . FRE

Fig.(5.7): The Elevations of the GR and the Optimized NA, (Researcher)
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5.4 The Optimization Model

In general, the model was capable of finding the optimum solution for
the DWWTUS sizes and the algorithm was complex in terms of the size of
data of the study in compare to previous applications of the genetic algorithm
in wastewater management as in this study a whole city was applied.

The model was run with different populations and it was noticed that
the costs F,;, were high for small NPs , moreover, the results were not stable
at the beginning. GA method is a random process and the only step for getting
the corrects results is testing the stability. Sensitivity analysis was done to
achieve the stable solution and find final optimum F,;, and that was done by
fixing the number of NPs and changing the PCO values and running the
program three times for each PCO location. For each run four iterations were
taking (No. of runs =3 and It =4) and all the results from each iteration were
selected to be used in the mating pool in order to enhance the results.
Selecting 100 % of the parents will take more computer running time but it
will give better results as it will give a chance for all to participate in the
process (Chong, 2013, p. 197).

In the Sensitivity analysis the difference (DR) of the obtained F,
values of the runs of the last iteration of each PCO in each NP were taking as
in below:

DR1 = F, (of first run) - F,;, (of second run)
DR2 = F i, (of first run) - F,;, (of third run)
DR3 = F i, (of third run) - F;, (of second run)1’

The comparisons of the results are based on the amount of DR in
which the preferred F,;, value is for the PCO that gives the smallest DR. For
example, the results of F.;, and DR values of NP = 100 , PCO = 5 and It=4
are shown in Table (5.5) .

Table (5.5): Values of F,,;, in $ for NP =100, PCO = 5, (Researcher)

Run No. It DR
PCO-5 Run-1 21,751,866 $ Runl — Run2 = 83,000 $
NP =100 Run-2 21,668,866 $ Run2 — Run3 = 4,000 $
Run-3 21,672,866 $ Run2 — Run3 = 79,000 $
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From the F,.; values of stable solution of NPs equal to 100, 200, 300, 400,
500, 600, 700, 800, 900, and 1000 with different values of PCOs and number
of iterations equal to four, the followings results and discussions were
obtained:

1. It was obvious that the values of DR at NP > 500 are small and that

reflects the stability of the results at that point. For populations less than
100 the values of F,;, are high in compare to the results of NP > 100.
Therefore, F i, values of NP < 100 are neglected.

. A number of trials were done for NP =25, 50, and 75 with different

PCOs as shown in Fig. (5.8). It is clear that there is wide range of
difference between the F.; values for instance; for Np = 25, the
difference between the minimum value and maximum value of F,;, =
893,000 $. Moreover, there are big jumps in the results between the
PCOs. The reason is that for small NPs the stability is not achieved.

Valiaes of F pida lm §
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Fig.(5.8): The Values of Fy,i, in $ for NP =25, 50 and 75, (Researcher)

3. The results of the three runs of the ten NPs and different PCOs showed

that the values of F,,;, are ranged from 21,325,000 $ to 21,752,000%
with an average equal to 21,546,000 $. Figs.(5.9a) to (5.9r) show the
results of the three runs of all NPs and PCOs starting from 5 to 800
steps 50.
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4,

According to the sensitivity analysis, the satiability was conducted at
NP = 500 and therefore, it was selected for the optimum solution as for
population more than 500, high computer running time is required and
the results are almost the same.

. The results mainly affected by the PCO locations for instance, at PCO =

200 for all NP values the Fmin values are high. The reason is that every
location of PCO represents a GR position in the map and in the matrix
and when the mating of parents occurred at that point the arrangement
at that area gave the worst result due to the connection type of the green
areas to the DWWTUs.

After the first run, only the solutions that satisfy constraints 1 and 2 will
pass and selected for the cross over process. The first constraint was
satisfied when developing the random matrix and regarding the second
constraint, it was fulfilled through the vertical cross over method. In this
way, each GR will receive the required demand. Therefore, it is
noticeable that the values of the F,,;, at the PCOs have the same trend.
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Fig.(5.9a): The Values of F,,;, in $ for all VPs and for PCO =5, (Researcher)
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Fig. (5.9b): The Values of Fmin in $ for all NPs and for PCO = 10, (Researcher)
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Fig.(5.9¢): The Values of Fmin in $ for all NPs and for PCO = 50, (Researcher)
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Fig.(5.9j): The Values of Fmin in $ for all NPs and for PCO = 400, (Researcher)
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Fig.(5.9r): The Values of Fmin in $ for all NPs and for PCO = 800, (Researcher)

7. The numbers of iterations (It) were taken to be 4 and for each iteration
three runs are conducted. When increasing It to 5 and 6 the results are
similar to the results of iteration number four. The explanation of that is
the results of each iteration will be a new population and pass through
the check of constraints, mating and cross overing. In this process the
results will be improved after passing each iteration and at It = 4 they
will reach to their best results and cannot be improved any more at It =
5 and 6. Therefore, to avoid computer running time only four iterations
are considered. Table (5.6) shows the results of F,;, of NP =400, 700
and 1000 with PCOs =400, 150 and 250 respectively. It is obvious that

the results are the same after iteration 3 and in some runs after iteration
4,
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Table (5.6) : The Results of (F,,;, x 10%) of Six Iterations of Selected NPs and PCOs,

(Researcher)
Iterations ‘ It | 1t | 1t3 | 1ty 1ts Its

NP =400
PCO - 400 Runl | 21,637 1,537 21,537 | 21,537 1,537 1,537
Run2 | 1,585 1,570 21,542 | 21,542 1,542 | 21,542
Run3 | 1,673 1,612 21,589 1,556 | 21,556 | 21,556

NP =700
PCO - 150 Runl | 1,669 | 21,634 | 21,599 | 21,564 | 21,564 | 21,564
Run2 | 1,566 1,566 21,566 1,566 | 21,566 1,566
Run3 | 1,566 | 21,566 | 21,566 | 21,577 | 21,577 | 21,577

NP =1000
PCO - 250 Runl | 1,595 | 21,575 21,495 | 21,495 | 21,495 | 21,495
Run2 | 1,620 | 21,575 21,502 | 21,502 | 21,502 | 21,502
Run3 | 1,626 1,560 21,503 | 21,503 | 21,503 | 21,503

8. In order to find the optimum solution further runs are done for NP =
500 by applying more PCOs with steps = 5 and It = 4. In this way more
detailed search will be conducted. Figs.(5.10a) to (5.10h) shows F,
values of NP = 500 for PCOs = 5 to 825 by steps = 5. It is obvious
that the values of F,;, at the PCOs are very close and the difference

between the maximum and minimum values is 196,000 $ which is small
amount.
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The results of the runs of Np = 500 shows minimum values of F,,;, and

six least values are selected from the results as shown in Table (5.7). Further
runs around each of the six values are conducted. The additional runs are by

taking four steps before and after each selected value as shown in Fig.5.11a to

5.11f
Table (5.7): Values of the six (F,,;,x 1 0 ) of NP =500 and It = 4, (Researcher)
Fminl FminZ Fmin3 Fmin4 Fmin5 Fmin6
21,439 § 21,423 $ 21,429 $ 21,423 § 21,428 § 21,436 §
PCO 140 | PCO 245 PCO 445 PCO 545 PCO 630 PCO 700
21 4 I
21441 D
L
5 HAIN Y
faam s
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Fig.(5.11a): Additional Eight Runs around Fmin1 , NP =500, Step 1,
(Researcher)
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5.5 Optimum Solution

The optimum value of F,;, is founded to be equal to 21,411,000 $ and it
is obtained at PCO = 632 as shown in Fig. (5.31¢). The best solution gives the
results of: (1) the optimum capacity of each DWWTUs, (2) the size and head
of the pumps at each DWWTUs, (3) the pipe diameters and the lengths from
each DWWTU to the green areas , (4) number of the pressurized and gravity
pipes and (5) dimensions of each DWWTUs. The details are shown below;
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5.5.1 Optimum Pipe Sizes

The pipe sizes that obtained from the optimum solution are the inner
diameter and the pipe type that selected is PE 100 PN 16 as used by the
(DOWS, 2017).The pipe thicknesses of PE -100 PN16 are added (Uponor Limited,
2008). Table (5.8) shows the interpretation results of the piping networks that
supplies the green areas and the detail results are shown in tables (A.16) in
appendix A.

Table (5.8) : The Interpretation Results of the Piping Networks, (Researcher)

No. Item Details
1 Flow of pipe Q , m3/day 12.0- 1,634.0
2 Diameters (OD) , mm 20— 180
3 Velocity, m/s 0.60 — 1.20
4 Number of Pipes 159
5 Pipe Diameters Pipe Lengths, m
20 mm 5,949.00
25 mm 19,257.00
32 mm 15,755.00
40 mm 13,463.00
50 mm 18,139.00
63mm 11,693.00
75 mm 6,020.00
90 mm 1,461.00
110 mm 3,161.00
160 mm 963.00
180 mm 931.00
Total Pipe Length , m 96,792.00

5.5.2 Optimum DWWTUs Capacities

One of the aims of the optimization model was to find the sizes of each
DWWTUs that gives the minimum cost. The optimum sizes of the 31
DWWTUs were found and they have different sizes started from (150 —
2,100) m’/day. Most of the treatment units’ sizes ranged from (500 — 700)
m’'day. The total capacities of the DWW TUs are about 26, 150 m*/day. Table
(5.9) shows the details of the capacity of the treatment units.
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Table (5.9): The Results of the Optimum Sizes of the DWWTUs, (Researcher)

No | DWWTUs Primary Dgsign Capacity .Stand}ard Location
m’/day Size m’/day
1 OA1l 640 700 Line A
2 OBl 525 600 Line B
3 OB2 303 500 Line B
4 OB3 1,735 1,750 Line B
5 OB4 1,724 1,750 Line B
6 0Cl1 1,032 1,250 Line C
7 0C2 595 600 Line C
8 0C3 468 500 Line C
9 0C4 792 800 Line C
10 OD1 435 500 Line D
11 OE1 1,550 1,600 Line E
12 OE2 1,657 1,750 Line E
13 OE3 2,087 2,100 Line E
14 OE4 1,026 1,250 Line E
15 OES5 506 600 Line E
16 OF1 95 150 Line F
17 OF2 376 500 Line F
18 OF3 338 500 Line F
19 OF4 562 600 Line F
20 0Gl1 1,292 1,500 Line G
21 0G2 362 500 Line G
22 0G3 711 750 Line G
23 0G4 489 500 Line G
24 OH1 694 700 Line H
25 OH2 522 600 Line H
26 OH3 340 500 Line H
27 OlI1 587 600 Line I
28 onr 692 700 Line I
29 013 295 500 Line I
30 0J1 780 800 LineJ
31 0J2 467 500 LineJ
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5.5.3 Optimum Pump Capacities

The results showed that 15 pipes out of the total 159 pipes are gravity
pipe and the remaining reclamation pipes supplied by pumping. Table (5.10)
showed the locations of the gravity pipes. The remaining pipes are pressurized
and each pipe works under a specific pump head as shown in Table (A.17) in
appendix A. Each treatment unit supplies a number of green areas through a
number of pipes. Each pipe has a required pressure head (40). The selected
pump head of each DWWTU is the maximum pressure head value of the pipes
that supply the green area groups. For example, seven pipes are connected to
DWWTU OAI1 and each has its pressure head as shown in Table (5.11). The
selected pump head for OA1 treatment plant is equal to 48 m. Table (5.12)
shows the pressure heads of the pumps of the 31 DWWTU .

Table (5.10) : The Gravity Pipes from Optimized DWWTUs to the GRs,

(Researcher)
Pipe Pipe
No. From To GR No. From To GR
DWWTU DWWTU

1 OB3 GR 732 9 OF1 GR713
2 OB4 GR 733 10 OF2 GR 670
3 0C2 GR 88 11 0Gl1 GR 729
4 0C3 GR 7 12 0G2 GR 761
5 OD1 GR 733 13 0G3 GR 826
6 OEl GR 722 14 OH3 GR 532
7 OE2 GR 283 15 OI1 GR 66
8 OE3 GR 713

Table (5.11): The Pressure Head of Pipes of DWWTU named OA1, (Researcher)

Treatment Unit GA Pressure Head /o, m
OAl GR 411 9
OAl GR 717 18
OAl GR 693 33
OAl GR 758 48
OAl GR 252 39
OAl GR 228 22
OAl GR 537 30
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Table (5.12) : The Pump Heads of the Reclaimed Water Tank (T1) of each DWWTU,

(Researcher)
Max. Max.

No | DWWTUs Pump Head , m No | DWWTUs Pump Head , m
1 OAl 48 17 OF2 54
2 OBI 54 18 OF3 128
3 OB2 73 19 OF4 106
4 OB3 30 20 0Gl1 114
5 OB4 95 21 0G2 125
6 0OC1 112 22 0G3 72
7 0C2 67 23 0G4 88
8 0C3 53 24 OH1 71
9 0C4 46 25 OH2 105
10 OD1 61 26 OH3 127
11 OE1 35 27 Ol1 88
12 OE2 82 28 O12 118
13 OE3 120 29 OI3 93
14 OE4 90 30 0J1 123
15 OES5 37 31 0J2 111
16 OF1 36

5.6 The Extended Aeration Package Units Details

The details of the main components of each treatment unit include
sizing the (1) inlet chamber, (2) Screen ,(3) aeration tank, (4) secondary
clarification, (5) disinfection tank, (6) storage tank for the reclaimed water, (7)
pumping station, and (8) aerobic digester. The design parameters are clarified
in chapter three. The results of the details of all decentralized extended
aeration package plants are shown in Tables (5.13) to (5.16).

Sample of Design Calculation of DWWTU- OG1

Available Area = 9,809 m’ District Name = Kaziwa 234,

The daily average flow of the treatment plant Qv =1,500 m’/day (from table
(5.9), No. of Capita=7,500

1. Inlet Chamber:

Qav =1,500 m3/day , Peak Daily Factor = 2.5
Qpp= 1,500 x 2.5 = 3,750 m’/day

Assume detention time = 1 min

Use two tanks
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Volume of tank = (Qpp /time)/(No. of tanks)

= (3,750 m’/day /( 1 minx 3600 x 24)/2 ) =1.30 m’
Assume depth of water = 1.25 m

Area required for inlet chamber = (1.30/1.25) = 0.9 m*
Assume L/W = 1.0

Depth of tank = 0.70 m

Length of tank = 0.70 m

2. Screen Chamber /Fine Screen

Qpp= 1,500 x 2.5 = 3,750 m’/day = 0.043 m’/s

Assume clear spacing between bars = 6.00 mm

Velocity head of screen = 0.6 m/s

Assume side water depth = 0.5 m

Area= Q/V =(0.043/0.6) = 0.70 m’

Assume angle of inclination 60 °

Assume detention period in the screen channel =5 sec
Length of screen chamber = V x time = 0.60 m/s x 5 sec=3 m
Inclined Height =0.40 m

3. Flow Equalization Basin:

Qav =1,500 m’ /day , Peak Daily Factor = 2.5

Qpp= 1,500 x 2.5 = 3,750 m’/day

Assume No. of Tanks = 2, Detention time = 2 hr
Volume of Each tank =(( 3,750/( 24)) x 2)/2 = 156 m’
Let depth of tank =4 m, L/'W =1.0

Surface area =156 /4 =39.1 m’, say 40 m*
L=6.235say 6.5 m=W

4. The Aeration Tank Design (Va)

Volume of Aeration Tank (Va) = Q,v X Detention time

Va = 1,500 m’/day x 1.0 day (24 hr, table (3.3))= 1,500 m’

Use two tanks of 780 m’ , assume the depth H=4.0 m, L=15m, W=13m

BODs Kg/capita.day = 81 g/capita.day, O = 6%, O, % in air = 23.2 %,

0a=1.2 Kg/m’ at standard temperature and pressure

Peak daily BODs=2.5 x 81 g/capita. day x 7500 capita =1,534 Kg/day
1,534

% x 1.21 x 23.2% x1440 min/day

Air required for both aeration tanks = 63 m’/min

Air required (m’/day) = p
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5. The Secondary Clarifier

The overflow rate based on peak hourly flow = 33m’/m” .day, (from table 3.3),
Peak hourly Factor = 4.0

Qpn= 1,500 x 4.0 = 6,000 m’/day

6000 _ o
32.6 m

Use two tanks each have surface area equal to 92 m’
6. The Chlorination Tank (Vc¢)

Chlorination tank volume (Vc) = Q,, x detention time,
Use detention time = 30 min, (Table 3.3)

4x 1,500 m3/day x 0.5 hr

Tank surface area =

. . 3
Chlorination tank volume (Vc¢) = 2ahr/day =125m
7. Treated Water Tank T1
Qav = 1,500 m*/day ,

Assume detention time = 1. 0 hr
1,500 m3 /day 5
Volume of tank T1 = 24 hr/day x 1.0 hr=62.5m

The flow diagram of the designed OA1 - EA package plant is shown in Fig.
(5.12).
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Fig.(5.12):The Flow Diagram of the Detail of DWWTU OG1, (Researcher)
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Table (5.13): The Details for the Design of the Aeration Tanks of the DWWTUs,

(Researcher)
. b Surface | Required
DWWTU Ca%ac‘ty > | Va®*m’ No. of HY Area, gir ,
m”/day Tanks m 2 3, .
m m°/min
OAl 700 700 1.0 4.0 175.0 30
OBl 600 600 1.0 4.0 150.0 25
OB2 500 500 1.0 4.0 125.0 21
OB3 1,750 1,750 2.0 4.0 218.8 74
OB4 1,750 1,750 2.0 4.0 218.8 74
OCl1 1,250 1,250 2.0 4.0 156.3 53
0C2 600 600 1.0 4.0 150.0 25
OC3 500 500 1.0 4.0 125.0 21
OC4 800 800 1.0 4.0 200.0 34
OD1 500 500 1.0 4.0 125.0 21
OEl 1,600 1,600 2.0 4.0 200.0 67
OE2 1,750 1,750 2.0 4.0 218.8 74
OE3 2100 2,100 2.0 4.0 262.5 89
OE4 1,250 1,250 2.0 4.0 156.3 53
OE5S 600 600 1.0 4.0 150.0 25
OF1 150 150 1.0 4.0 37.5 6
OF2 500 500 1.0 4.0 125.0 21
OF3 500 500 1.0 4.0 125.0 21
OF4 600 600 1.0 4.0 150.0 25
0G1 1,500 1,500 2.0 4.0 187.5 63
0G2 500 500 1.0 4.0 125.0 21
OG3 750 750 1.0 4.0 187.5 32
0G4 500 500 1.0 4.0 125.0 21
OH1 700 700 1.0 4.0 175.0 30
OH2 600 600 1.0 4.0 150.0 25
OH3 500 500 1.0 4.0 125.0 21
OI1 600 600 1.0 4.0 150.0 25
012 700 700 1.0 4.0 175.0 30
OI3 500 500 1.0 4.0 125.0 21
0OJ1 800 800 1.0 4.0 200.0 34
0J2 500 500 1.0 4.0 125.0 21

a; Va = Volume of the Aeration Tank, b; H = Height.
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Table (5.14) : The Details for the Design of the Secondary Clarifier of the DWWTUs. ,

(Researcher) .
Capacity Q.. No.of | H”, Surface Volume,
DWWTU m3/day m3/l:1ay Tanks m Area, m’ m’
OAl 700 2,800 1.0 4.0 86 344
OB1 600 2,400 1.0 4.0 74 295
OB2 500 2,000 1.0 4.0 61 245
OB3 1,750 7,000 2.0 4.0 107 430
OB4 1,750 7,000 2.0 4.0 107 430
OCl1 1,250 5,000 2.0 4.0 77 307
0C2 600 2,400 1.0 4.0 74 295
0C3 500 2,000 1.0 4.0 61 245
0C4 800 3,200 1.0 4.0 98 393
OD1 500 2,000 1.0 4.0 61 245
OEl 1,600 6,400 2.0 4.0 98 393
OE2 1,750 7,000 2.0 4.0 107 430
OE3 2,100 8,400 2.0 4.0 129 515
OE4 1,250 5,000 2.0 4.0 77 307
OE5 600 2,400 1.0 4.0 74 295
OF1 150 600 1.0 4.0 18 74
OF2 500 2,000 1.0 4.0 61 245
OF3 500 2,000 1.0 4.0 61 245
OF4 600 2,400 1.0 4.0 74 295
0Gl1 1,500 6,000 2.0 4.0 92 368
0G2 500 2,000 1.0 4.0 61 245
0G3 750 3,000 1.0 4.0 92 368
0G4 500 2,000 1.0 4.0 61 245
OH1 700 2,800 1.0 4.0 86 344
OH2 600 2,400 1.0 4.0 74 295
OH3 500 2,000 1.0 4.0 61 245
OlIl 600 2,400 1.0 4.0 74 295
OI2 700 2,800 1.0 4.0 86 344
OI3 500 2,000 1.0 4.0 61 245
0J1 800 3,200 1.0 4.0 98 393
0J2 500 2,000 1.0 4.0 61 245

a; Qph = Peak hourly flow, b; H = Height.
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Table (5.15) : The Details for the Design of the Chlorination Tank of DWWTUs,

(Re:earcher) .

Capacit Qu? Ve Capacit Qun’? Ve
DWWTU m%)/dayy m3/pday m’ DWWTU m%)/dayy m3/}:lay m’
OAl 700 2,800 | 58.3 OF2 500 2,000 | 41.7
OBl 600 2,400 | 50.0 OF3 500 2,000 | 41.7
OB2 500 2,000 | 41.7 OF4 600 2,400 | 50.0
OB3 1,750 7,000 | 145.8 0Gl 1,500 6,000 | 125.0
OB4 1,750 7,000 | 145.8 0G2 500 2,000 | 41.7
0OCl1 1,250 5,000 | 104.2 0G3 750 3,000 | 62.5
0C2 600 2,400 | 50.0 0G4 500 2,000 | 41.7
0C3 500 2,000 | 41.7 OHI 700 2,800 | 58.3
0C4 800 3,200 | 66.7 OH2 600 2,400 | 50.0
ODl1 500 2,000 | 41.7 OH3 500 2,000 | 41.7
OE1 1,600 6,400 | 133.3 OI1 600 2,400 | 50.0
OE2 1,750 7,000 | 145.8 OI2 700 2,800 | 58.3
OE3 2,100 8,400 | 175.0 OI3 500 2,000 | 41.7
OE4 1,250 5,000 | 104.2 0J1 800 3,200 | 66.7
OES 600 2,400 | 50.0 0J2 500 2,000 | 41.7

OF1 150 600 12.5

a; Qpp = Peak Hourly Flow, b; V¢ = Volume of Chlorination Tank.

Table (5.16) : The Details of the Treated Wastewater Tank T1 of the DWWTUs,

(Researcher)
DWWTU Cag) acity Detention Time, hr Vot m® H", m
m”/day
OAl 700 1.0 29.2 1.5
OBI1 600 1.0 25.0 1.5
OB2 500 1.0 20.8 1.5
OB3 1,750 1.0 72.9 1.5
OB4 1,750 1.0 72.9 1.5
OCl1 1,250 1.0 52.1 1.5
0C2 600 1.0 25.0 1.5
0C3 500 1.0 20.8 1.5
0C4 800 1.0 333 1.5
ODl1 500 1.0 20.8 1.5
OFEl 1,600 1.0 66.7 1.5
OE2 1,750 1.0 72.9 1.5
OE3 2,100 1.0 87.5 1.5
OE4 1,250 1.0 52.1 1.5

a; V1 = Volume of Treated Wastewater Tank T1, b; H = Height.

(126)




Chapter Five Results and Discussions

Table (5.16):

DWWTU Ca%)aclty Detention Time, hr Vot , m’ H", m
m”/day
OES5S 600 1.0 25.0 1.5
OF1 150 1.0 6.3 1.5
OF2 500 1.0 20.8 1.5
OF3 500 1.0 20.8 1.5
OF4 600 1.0 25.0 1.5
oGl 1,500 1.0 62.5 1.5
0G2 500 1.0 20.8 1.5
OG3 750 1.0 31.3 1.5
0G4 500 1.0 20.8 1.5
OHI1 700 1.0 29.2 1.5
OH2 600 1.0 25.0 1.5
OH3 500 1.0 20.8 1.5
OI1 600 1.0 25.0 1.5
012 700 1.0 29.2 1.5
OI3 500 1.0 20.8 1.5
0J1 800 1.0 333 1.5
0J2 500 1.0 20.8 1.5

a; V11 = Volume of Treated Wastewater Tank T1, b; H = Height.

5.7 The Sludge Disposal

This part is related to all the processing related to the sludge produced
from the extended aeration plant such as; calculating the produced sludge rate,
design of the aerobic digester and the sand drying bed’s design and location in
the study area. The details are shown in the followings paragraphs:

5.7.1 The Wastewater Flow Calculations Q,,
The Waste flow Q,, is calculated using Eqgs.(3.14) and (3.15) as shown
below:

_ VX
0, X +(0,- 0,)X
From table(3.3), assume the following data:

6. = 25 days, X =4000 mg/L,
X.=20 mg/L , (EPA, 2000, p. 4)

Oc

(127)



Chapter Five Results and Discussions

%

[ = ,t=24hrs — V=10, =(24/24) 0;,—> V = O,

Substituting Eq.(3.17) into Eq.(3.18) get :

0, =0.0352 Q;, —> 0, =3.52% Qs
Oeff = Oin - O —> Oofp=96.48 % Oy

(5.3)
(5.4)

Applying Eqgs.(5.3) and (5.4) values of Qyand Q. are found and the details
for all treatment units are shown in Table (5.17);

Table (5.17) : The Values of the Waste Flow Q,, from each DWWTU, (Researcher)

DWWTU Si3ze Q3W Q;“ DWWTU Sif ¢ %w Q;“
m/d m/d m/d m’/d m’/d m’/d
OAl 700 25 675 OF2 500 18 482
OBl 600 21 579 OF3 500 18 482
OB2 500 18 482 OF4 600 21 579
OB3 1,750 62 1,688 0Gl1 1,500 53 1,447
OB4 1,750 62 1,688 0G2 500 18 482
OCl1 1,250 44 1,206 0G3 750 26 724
ocC2 600 21 579 0G4 500 18 482
0C3 500 18 482 OH1 700 25 675
0ocC4 800 28 772 OH2 600 21 579
OD1 500 18 482 OH3 500 18 482
OE1 1,600 56 1,544 oIl 600 21 579
OE2 1,750 62 1,688 012 700 25 675
OE3 2,100 74 2,026 oI13 500 18 482
OE4 1,250 44 1,206 0OJ1 800 28 772
OE5S 600 21 579 0J2 500 18 482
OF1 700 5 145

5.7.2 The Aerobic Digester Design:
The design of the aerobic digester is for the tank volume and the
required oxygen and air as in below;
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1. The Tank Volume: It is calculated by applying Eq. (3.16);

Qw X;
X(K;P,+1/6,)

Vd=

The values of Qw from Table(5.17) are applied and the following data are
assumed;
K4 =0.06 day ™ at temperature 15 °C and K; =0.14 day ™ at temperature

25°C ,P,=08, X=70 % Xi, (Eddy, 2014, p. 840)

The temperature variation during winter and summer will effects on the
volatile solid reduction % and Fig.(5.13) shows the relation between the
[Sludge age (6.) x Temperature ‘C ] and the volatile solid reduction % (Eddy,
2014, p. 840).

z B3

&

£

Volatile Solid Reduction %%

0 50 500 TS0 1ODO 1250 1500 1TS0 2000

Shudge Age (Davsix Temperature "¢

Fig. (5.13): Volatile Solid Reduction in Aerobic Sludge Digester as a Function of
Digester Liquid Temperature and Sludge Age (Eddy, 2014, p. 838).
The values of the required sludge ages during summer and winter are found as
in below:

e The value of volatile reduction % is taken to be equal to 40% as shown
in Table (3.4) and from Fig.(5.13) the value of [Temperature x 6, ]
will equal to 475 °C . day.

e The required sludge age at 15 °C will equal to: 8, =475/15 =31.7 days
and using the same sludge age for temperature 25 °C the % of volatile
removal will =44% .
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e The tank should be covered to maintain the temperature within (15 —
25) °C.

e The X; value represents the influent suspended solid concentration in
mg/L of the digester and it is calculated from the solid load [Table
(3.4)], and the sludge waste flow to the digester (Qw).

2. The Required Air Volume V,: is calculated by applying Eq.(3.17)

Kg O,/ day = VSS x 1.045 [Kg O,/Kg cell tissue destroyed],

VSS =0.8 x TSS

TSS Kg/day= Q,v x dry solid, [dry solid =0.8 Ib/10° gal=0.096 Kg/m’,
Table (3.3)]

Volume of air required (V) at standard conditions

V= [Kg 0,/ day] /[0, Kg/m® x 23.2 % of O, in air x Q. %],
(Oa air density=1.225 Kg/m®at T=15 °C and 1.183 Kg/m’ at T=25 °C)

Sample of Design Calculation of the Aerobic Digester of OA1’s DWWTU
For treatment unit OAl, O,, = 25 m’/day, the number of capita served by
DWWTU named OA1 = 3,500.

1. The Digester Volume Vd
Volume of the aerobic digester of DWWTU OAI is found by applying
Eq.(3.16), [winter condition]:

Vd— (25 x Xi)

B . 1
(0.7 x X1) (0.06 x 0.8+ TR

Table (5.18) shows the results of Vd of the 31 DWWTUs.

=492 m’

2. The Air Required V,
The amount of oxygen required is measured by applying Eq. (3.17) as in
below;
TSS in Kg /day = 1,500 m*/day x 0.096 Kg/m® = 67 Kg/day
Table (5.18) shows the results of the TSS of the 31 DWWTU .
VSS=0.8 x TSS =0.8 x 67 =53.6 Kg/day

The required O, is ;
a. For Winter
Reduced VSS =53.6 x 0.40 =21.44 Kg VSS /day
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Kg O,/ day = 21.44 x 1.045 = 22.40 Kg O,/day

b. For Summer
Reduced VSS =53.6 x 0.44 =23.58 Kg VSS /day
Kg O,/ day = 23.58 x 1.045 = 24.65 Kg O,/day

The volume of air (V,) required at 20 *C and assuming oxygen transfer
efficiency = 10 %:
a. For Winter
Va = [22.40 Kg/day] / [1.225 Kg/m’ x 23.2 % of O, in air x 10%]
Vi =791 m3/day
b. For Summer
Va =[24.65 Kg/day] / [1.183 Kg/m’ x 23.2 % of O, in air x 10%]
V=901 m3/day

Table (5.19) shows the results of V, of the 31 DWWTUs.

Table (5.18) : The Volumes Vd of the Aerobic Digesters of the 31 DWWTUs,

(Researcher)
TSS 3 TSS 3
DWWTU Kg/day Vd,m" | DWWTU Kg/day Vd,m

OAl 67 492 OF2 48 316
OB1 58 379 OF3 48 316
OB2 48 316 OF4 58 379
OB3 168 1,106 0Gl1 144 948
OB4 168 1,106 0G2 48 316
OCl1 120 790 0G3 72 474
0C2 58 379 0G4 48 316
0C3 48 316 OH1 67 443
0C4 77 506 OH2 58 379
ODl1 48 316 OH3 48 316
OE1 154 1,011 OlIl 58 379
OE2 168 1,106 OI2 67 443
OE3 202 1,328 OI3 48 316
OE4 120 790 OJ1 77 506
OES5S 58 379 0J2 48 316
OF1 14 95
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Table (5.19) : The Volume of the Required Rate of Air in Winter and
Summer for the Sludge Digester of the 31 DWWTUs, (Researcher)

a Va, m’ air/day a Va, m° air /day
DWWTU Winter | Summer DWWTU Winter Summer

OAl 791 901 OF2 565 644
OBl 678 773 OF3 565 644
OB2 565 644 OF4 678 773
OB3 1,978 2,253 0G1 1,696 1,931
OB4 1,978 2,253 0G2 565 644
OCl1 1,413 1,610 OG3 848 966
0C2 678 773 0G4 565 644
0C3 565 644 OH1 791 901
OC4 904 1,030 OH2 678 773
OD1 565 644 OH3 565 644
OFEl 1,809 2,060 OI1 678 773
OE2 1,978 2,253 012 791 901
OE3 2,374 2,704 0OI3 565 644
OE4 1,413 1,610 OJ1 904 1,030
OE5S 678 773 0J2 565 644
OF1 170 193

5.7.3 The Drying Bed Design

The drying bed is designed based on the number of capita of the

DWWTUs which is equal to 130,750 capita.
covered drying beds the total area required is:

Total bed Area A = 0.15 m*x No. of capita = 0.15 x 130,750 = 19,613 m’
The dimensions of the drying bed cells are calculated as in below:
Cell Area Ac =L (length) x W (width)
LetL=45m, W=12m, Ac = 540 m’

By applying Eq. (3.19) for

Number of cells NC=A/Ac=19,613/540 = 37 cell

5.7.4 The Drying Beds Proposed Location
The best location is selected from the GIS map as shown in Fig.(5.14)
with the following details;

1. The specified available area is equal to 150,000 m>.
2. The Latitudes are between (35° 30' 26.91" — 35° 30' 15.49") N and
Longitudes are between (45° 24' 18.74" — 45° 24' 36.23") E
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3. The ground elevations are between (735 - 730) amsl

4. The ground water levels are between (700 — 710) amsl ( Qaradaghy, 2015)
5. Faraway from Qilyasan Stream in a distance of 1,760 m.

6. Faraway from the residential areas by a distance not less than 1,600 m.

Fig.(5.14): The Location of the Sludge Drying Bed, (Researcher)
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Conclusions, Recommendations and Publications

6.1Conclusions

The purpose of this study was to find the optimum number, sizes

and locations of the DWWTUs in Sulaimania city. Moreover, the
reclaimed water from the DWWTUs to be reused for irrigation purposes
of the green areas inside the city. From the results and analysis the
following points were concluded;

1.

The method that used to find the suitable location of the
DTWWTs was very robust and it helped to determine a solution
of difficult decisions in comparing with ordinary methods. The
suitability model (MCDM) was developed by using GIS,
Analytical Hierarchy process AHP and statistical analysis to select
the optimum locations. As a result of the suitability model, 31
optimum locations out of the 134 areas were found to serve the
city.

The Transportation Model and GA in a Matrix form were capable
of connecting an enormous amount of data that covers the whole
city of Sulaimania. This combination was used for the first time
in this type of applications and it could successfully obtain an
optimal solution. The algorithm has adequate flexibility to
assume various types of scenarios and compare the optimum
solutions. The applied genetic algorithm was robust, avoiding
local optima to attain the global optimum. The algorithm has the
flexibility of adapting the cost estimates to any geographical
region.

. The developed model allows easy way to determine the required

GA parameters as the minimum required number of NP, the cross
over position and number of iterations. The minimum NP value
that produce stable results was found at NP=500. The cross over
matrix process was created and checked, keep the developed
offspring feasible and they also satisfy the constraints as the
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parent’s solution. As a result optimized sizes of 31 EA treatment
plants were found.

The reclaimed water pipes best routs and lengths from the
DWWTUs to the GRs were found using Network Analysis - OD
Cost Matrix method in GIS for finding .This tool was used for the
first time in piping networks and it was a fast and accurate
method.

. The digested sludge is conveyed to one big sand drying bed

having an area equal to 19,613 m” and it consists of 37 cell. The
length of each cell is 45 m and the width is 12 m. The location
was found to be in the south west part of Sulaimania city.

The obtained DWWTUs can mitigate the problem of water
scarcity in Sulaimania city as the treated wastewater will cover
55.17 % of the total water requirement of the green areas.

. The number of gravity pipes was found to be 15 and the

pressurized pipes are 144. The diameters are ranged from 20 mm
— 180 mm. The number of pumps are 31 pump (one pump at each
DWWTU plus one standby) and the pump heads ranged from (30
—128) m.

. From population forecasting calculations, the population density

for individual districts were found and they were ranged from
more than 300 capita/ha. to districts having population densities
less than 50 capita/ha.

Calculations of the main sewer boxes’ depths and invert levels
were done and all the data related to the sewer boxes were added
to the GIS sewer attributes. Moreover, corrections of the sewer
paths in the GIS maps that received from Sulaimania Municipality
has been done through site visits and matching with the as-built
drawings.
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6.2 Recommendations:

Below are some recommendations for future studies related to the

current research:

1.

The developed suitability model can easily generalized to be applied to
any similar studies, by adding more criteria or more restrictions.

The same study could be applied for the other three suburbs of the city,
Bakrajo , Rapareen and Tasloja. Especially the sewerage systems of
the suburbs are separate and individual and have no effect on each
other.

. It is recommended to make a detail study about the characteristics of the

wastewater of Sulaimania city by taking samples from different point
and make a complete chemical, physical and biological tests.

It i1s important to make a study about reusing the treated wastewater
from the DWWTUs for groundwater recharging, especially there are
big number of wells in the study area.

. It is a useful study to locate water tanks from the reclaimed water for

firefighting and distribute it in the study area.

A study about specifying the details of each green area in Sulaimania
city in terms of vegetation types and demands.
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6.3 Publications:

1. A multi-criteria GIS model for suitability analysis of locations of
decentralized wastewater treatment units: case study in
Sulaimania, Iraq, Ako Rashed Hama , Rafea Hashim Al-Suhili ,
Zeren Jamal Ghafour, 2019 , Heliyon Journal , The Authors.
Published by Elsevier Ltd., Article Nowe(013535.
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Table (A.1): The Details of the Sewer Box Branches (GDOSM-GIS, 2017)

Line Branch Dimension No. of Box Length, m
A Al 25mx25m 1.0 1,529
A2 25mx2.5m 1.0 1,884
A3 1.5mx2.0m 1.0 552
A4 25mx25m 1.0 315
A5 25mx25m 1.0 504
A6 2.5mx 2.5m 1.0 1,519
A7 25mx2.5m 1.0 883
B B1 20mx2.0m 1.0 1,341
B2 1.0mx1.0m 1.0 273
B3 20mx2.0m 1.0 1,655
B3 -1 25mx25m 1.0 1,459
B4 1.0mx1.0m 1.0 504
B5 25mx25m 1.0 941
B6 1.0mx1.0m 1.0 697
B7 1.0mx1.0m 1.0 375
B8 1.0mx1.0m 1.0 1,390
B9 1.0mx1.0m 1.0 248
B10 1.0mx1.0m 1.0 221
Bl11 1.0mx1.0m 1.0 661
B12 1.5 mx1.5m 1.0 155
B13 2(2.5mx2.0m) 2.0 1,306
B14 22.0mx2.0m) 2.0 313
C Cl 1.0mx1.0m 1.0 168
C2 1.2mx1.2m 1.0 506
C3 1.2mx1.2m 1.0 435
C4 1.2mx1.5m 1.0 402
C5 1.0mx1.0m 1.0 243
C6 1.5 mx1.5m 1.0 421
C7 1.2mx1.2m 1.0 662
C8 1.5mx2.0m 1.0 557
C9 1.5 mx1.5m 1.0 906
Cl10 1.0mx1.0m 1.0 226
Cl1 20mx2.0m 1.0 2,869
Cl12 30mx3.0m 1.0 422
Cl13 1.0mx1.0m 1.0 ,96
Cl4 30mx3.0m 1.0 2,217
Cl15 1.0mx1.0m 1.0 560
Cl6 1.0mx1.0m 1.0 294
C17 20mx2.0m 1.0 3,205
Cl18 30mx3.0m 1.0 1,229
C19 20mx2.0m 1.0 589
C20 30mx22m 1.0 241
C21 1.0mx1.0m 1.0 303
C22 1.0mx1.0m 1.0 833
C23 22mx3.0m 1.0 573
C24 25mx3.0m 1.0 2,583
C25 2(3.0mx 3.0 m) 2.0 968
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Table (A.1):

Line Branch Dimension No. of Box Length, m
D D1 20mx2.0m 1.0 947
E El 20mx2.0m 1.0 4,457

E2 20mx2.0m 1.0 2,619
E2 -1 20mx2.5m 1.0 1,393
E3 20mx2.5m 1.0 608
E4 20mx2.5m 1.0 538
E5 20mx25m 1.0 452
E6 1.0mx1.5m 1.0 1,530
E7 1.5 mx1.5m 1.0 1,265
E8 1.0mx1.0m 1.0 906
E9 1.5 mx1.5m 1.0 822
E10 30mx25m 1.0 856
Ell 1.0mx1.0m 1.0 1,131
E12 30mx25m 1.0 341
E13 3.0mx25m 1.0 2,110
El14 1.0mx1.0m 1.0 394
E15 30mx2.5m 1.0 828
El16 30mx25m 1.0 549
E17 20mx2.0m 1.0 223
E18 30mx25m 1.0 643
E19 30mx2.5m 1.0 529
E20 3.0mx25m 1.0 1,582
E21 20mx2.5m 1.0 2,190
E22 1.5 mx1.5m 1.0 1,233
E22 -1 1.0mx1.1m 1.0 662
E23 1.0mx1.0m 1.0 489
E24 20mx2.0m 1.0 997
E25 3.5mx2.0m 1.0 1,789
E25 -1 30mx2.75m 1.0 1,023
F F1 1.5mx1.5m 1.0 769
F2 1.0mx1.0m 1.0 497
F3 1.5mx1.5m 1.0 494
F4 1.5mx1.5m 1.0 1,139
F5 30mx3.0m 1.0 3,701
F6 1.0mx1.0m 1.0 1,213
F7 30mx3.0m 1.0 3,210
G Gl 1.0mx1.0m 1.0 2,143
Gl -1 20mx2.0m 1.0 1,722
G2 1.0mx1.0m 1.0 766
G3 1.0mx1.0m 1.0 121
G4 1.0mx1.0m 1.0 362
G5 1.0mx1.0m 1.0 513
Go6 1.0mx1.0m 1.0 543
G7 1.0mx10m 1.0 365
G8 25mx3.0m 1.0 1,595
G9 25mx3.0m 1.0 328
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Table (A.1) :
Line Branch Dimension No. of Box Length, m
G G10 20mx1.5m 1.0 725
Gl1 25mx2.5m 1.0 502
Gl12 20mx2.0m 1.0 370
Gl13 25mx25m 1.0 453
Gl14 25mx3.0m 1.0 1,550
Gl15 25mx2.5m 1.0 1,634
Gl6 25mx25m 1.0 936
G17 25mx25m 1.0 247
G18 25mx25m 1.0 619
G19 25mx3.0m 1.0 2,353
G20 1.0Omx1.0m 1.0 341
G21 1.S5mx1.0m 1.0 557
G22 1.0Omx 1.0m 1.0 434
G23 I.S5mx1.0m 1.0 391
G24 25mx25m 1.0 1,274
G25 25mx25m 1.0 1,362
G26 20mx2.0m 1.0 785
G27 25mx25m 1.0 2,178
H H1 25mx2.5m 1.0 1,057
H2 20mx2.0m 1.0 668
H3 22.0mx2.5m) 2.0 4,191
H4 1.Omx1.0m 1.0 755
HS5 22.0mx2.5m) 2.0 334
H6 1.5 mx1.5m 1.0 2,466
H7 22.0mx 2.5 m) 2.0 7,812
I I1 20mx2.0m 1.0 850
12 I.S5mx1.5m 1.0 739
13 20mx2.0m 1.0 3,256
14 20mx1.5m 1.0 793
I5 20mx1.5m 1.0 900
16 20mx2.0m 1.0 688
17 20mx2.0m 1.0 430
18 I.S5mx1.5m 1.0 2,235
19 20mx2.0m 1.0 895
J J1 1.0mx2.0m 1.0 2,857
12 1.0mx1.0m 1.0 512
I3 1.Omx1.0m 1.0 357
J4 1.0Omx 1.0m 1.0 269
J5 1.5 mx20m 1.0 5,520
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Table (A.2): The Details of the 134 Nominated Areas, (Researcher)

NA? Sewer Box | Aream® | NA® | Sewer Box | Aream’
NA1 A 7,540 ND1 D 10,686
NA2 A 5,413 NEl1 E 4,950
NA3 A 5,736 NE2 E 6,028
NA4 A 8,236 NE3 E 4,446
NAS A 11,815 NE4 E 3,327
NA6 A 7,712 NES5 E 2,742
NA7 A 70,445 NE6 E 3,427
NBI1 B 5,202 NE7 E 3,196
NB2 B 7,843 NES E 5,625
NB3 B 5,121 NE9 E 3,730
NB4 B 7,430 NEI10 E 6,663
NBS5 B 8,337 NE11 E 1,613
NB6 B 5,121 NE12 E 2,198
NB7 B 5,544 NE13 E 3,599
NBS§ B 6,744 NE14 E 3,921
NB9 B 4919 NEI1S E 1,472
NB10 B 4,365 NE16 E 6,613
NB11 B 8,034 NE17 E 1,381
NB12 B 22,460 NEI18 E 2,681
NB13 B 5,272 NE19 E 2,994
NC1 C 2,974 NE20 E 1,925
NC2 C 4,042 NE21 E 4,587
NC3 C 4,345 NE22 E 8,851
NC4 C 6,623 NE23 E 11,663
NC5 C 3,629 NE24 E 21,684
NC6 C 2,833 NF1 F 13,327
NC7 C 1,774 NF2 F 8,508
NC8 C 3,851 NF3 F 1,351
NC9 C 1,794 NF4 F 4,819
NC10 C 1,351 NF5 F 3,649
NCI11 C 3,327 NF6 F 4,708
NC12 C 3,145 NF7 F 4,153
NC13 C 4,163 NF8 F 8,468
NC14 C 3,821 NF9 F 4,335
NC15 C 3,276 NF10 F 9,315
NC16 C 3,790 NF11 F 20,575
NC17 C 6,180 NF12 F 3,296
NCI18 C 3,508 NGl G 3,952
NC19 C 3,559 NG2 G 9,809
NC20 C 5,928 NG3 G 5,565
NC21 C 5,232 NG4 G 3,821

a : NA= Nominated Area
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Table(A.2)

NA® | Sewer Box | Aream” | NA® | Sewer Box | Area m”
NG5 G 1,653 NI10 I 1,280
NG6 G 1,936 NI11 1 1,764
NG7 G 1,210 NI12 1 1,139
NGS G 1,502 | NII3 I 3337
NG9 G 2,671 NI14 1 2,147
NGI10 G 5,071 NI15 1 2,369
NGI11 G 2,782 NI16 1 1,784
NGI12 G 3,296 NI17 1 6,240
NG13 G 3,246 NJ1 J 14,214
NG14 G 1,573 NJ2 J 9,163
NG15 G 2,510 NJ3 J 10,182
NGIl16 G 2,188 NJ4 J 45,807
NG17 G 5,655
NGI18 G 5,796
NGI19 G 3,478
NG20 G 5,544
NG21 G 2,712
NG22 G 6,754
NG23 G 13,518
NG24 G 11,180

NHI1 H 5,776

NH2 H 9,627

NH3 H 2,077

NH4 H 5,262

NHS5 H 4,194

NH6 H 5,524

NH7 H 4,425

NHZ& H 4,839

NH9 H 6,361
NH10 H 3,236
NH11 H 6,926
NH12 H 15,272

NI1 1 2,329

NI2 1 1,714

NI3 I 2,389

NI4 1 9,295

NI5 1 5,020

NI6 I 1,250

NI7 I 1,905

NI8 1 4,647

NI9 I 1,270

a : NA= Nominated Area

(A-5)




APPENDIX A

Table (A.3): Population Density of Sulaimania Zones (population of 2018), (Researcher)

o 2 Population Pop Density
No. District Name/ Number Area, m (Capita) (Capita/ha)
1 | Shorsh 101 534,502 8,115 152
2 | Rapareen 102(parki Azadi) 534,502 6,510 122
3 | Ali Naji 103 437,367 5,612 128
4 | Ashtil 104 454,547 9,985 220
5 | Andazyaran 105 361,515 4,199 116
6 | Ashti2 106 613,528 11,954 195
7 | Baranan 107 403,098 5,864 145
8 | Baxan 108 746,290 5,170 69
9 | Handren 109 315,088 4,635 147
10 | Qazi Mohamed 110 434,803 10,414 240
11 | Baxtiyari 111 467,516 3,984 85
12 | Mamostayan 112 288,524 8,322 288
13 | Hakari 113 305,502 9,209 301
14 | Kareza wskk 1(Daban) 114 307,684 11,936 388
15 | Shirwana 115 376,513 1,000 27
16 | Dabashan 116 613,528 11,160 182
17 | Baxtiyari Taza 117 409,050 16,095 393
18 | Kareza Wshk (2) 118 301,305 5,956 198
19 | Sarchnar(1) 119 541,747 9,036 167
20 | Swren 120 483,331 12,185 252
21 | Sarchnar(2) 121 379,292 11,441 302
22 | Besarani 122 538,511 16,241 302
23 | Harawazi (Grdi Sarchnar) 123 1,237,340 14,401 116
24 | Badinan 124 382,643 7,477 195
25 | Shakraka 125 304,082 9,745 320
26 | Zargata 126 855,239 19,356 226
27 | Sayrangay Sarchnar 127 1,959,477 234 1
28 | Mashxalan 128 431,491 11,321 262
29 | Qlyasan 129 283,755 8,510 300
30 | Kani Speka 130 537,720 20,275 377
31 | Xwar Kurdsat 134 1,683,354 1,902 11
32 | Kurdsat (1) 136 853,675 3,627 42
33 | Kurdsat (2) 138 423,543 4,275 101
34 | Sardaw 140 851,528 5,362 63
35 | Sarwari 142 581,454 5,497 95
36 | Zerin(Zargatay kon) 144 445,677 5,910 133
37 | Hemin 146 546,271 4,921 90
38 | Nergz(Kani Kurda) 148 339,070 2,204 65
39 | Kwestan 150 375,452 4,300 115
40 | Naghada 152 980,089 3,345 34
41 | Farmanbaran 154 487,903 6,150 126
42 | Bekas 156 490,005 5,340 109
43 | Kalakn(Mayani Daraka) 158 663,467 3,435 52
44 | Bastan 160 616,610 4,769 77
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Table (A.3)
No. | District Name/ Number Area, m’ Pz)g;[l)aiu::;n l()((;glgte;::g
45 | Gundi Kalakn(1) 162 422,660 7,819 185
46 | Peramagrwn 164 719,464 3,989 55
47 | Zirak 168 335,527 6,160 184
48 | Baxtawari 170 371,540 1,565 42
49 | Chnarok 172 746,714 8,317 111
60 | Bazrgani 201 180,515 1,776 98
51 | Dargazen 202 109,697 1,968 179
52 | Shexan 203 214,983 3,067 143
53 | Sabonkaran 204 308,149 11,040 358
54 | Kaneskan 205 349,511 9,775 280
55 | Malkani 206 414,216 12,053 291
56 | Grdijoga 207 204,599 2,066 101
57 | Guyzha 208 340,023 9,818 289
58 | Sulaimani taza 209 396,651 8,724 220
59 | Darwgha 210 369,428 10,435 282
60 | Twi malek 211 460,396 12,420 270
61 | Ali kamal 212 385,418 12,005 311
62 | Majid Bag (2) 213 371,854 14,322 385
63 | Shahidan 214 382,846 13,103 342
64 | Majid Bag (1) 215 313,864 6,546 209
65 | Azadi (1) 216 418,231 13,261 317
66 | Azmar 217 599,419 8,502 142
67 | Hawara Barza 218 679,846 22,152 326
68 | Hawari taza 219 294,538 7,021 238
69 | Guyzhay taza 220 261,473 8,429 322
70 | Nali (Gundi Almani) 221 596,438 1,650 28
71 | Azadi (2) 222 641,063 17,899 279
72 | Chiya Guyzha 223 1,752,730 7,328 42
73 | Ibrakem Ahmed 224 446,907 9,041 202
74 | Mahwi(Zhala) 226 750,266 659 9
75 | Bahashti Shar(1) 228 1,278,896 124 1
76 | Bahashti Shar(2) 230 474,798 - 0
77 | Kaziwa 234 1,426,241 6,147 43
78 | Saywan 301 383,693 11,058 288
79 | Sarshagam(1) 302 208,513 7,855 377
80 | Xabat(1)304 307,816 10,799 351
81 | Rozh halat(1) 305 553,189 13,904 251
82 | Xabat(2)306 309,908 5,904 191
83 | Mama yara 307 227,011 7,295 321
84 | Zmnako 308 387,546 10,867 280
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Table (A.3)

No. District Name/ Number Area, m’ P?g::)?:;(;n l()gg[gf;::g
85 | Rozh halat (2309 524,674 8,041 153
86 | Sarshqama(2) (Cholakan) 310 725,291 7,314 101
87 | Hiwa 311 934,258 4,870 52
88 | Chiya 316 572,582 4,904 104
89 | Kani Shakrao 317 533,427 3,181 327
90 | Kani Ba318 662,669 6,861 116
91 | Nwaroz 320 640,593 6,870 86
92 | Chra xan 322 582,624 7,198 60
93 | Asayish323 333,978 2,610 104
94 | Balambo(Zerinok) 324 316,216 8,389 107
95 | Kora Kazhaw 325 1,040,209 3,639 124
96 | Waloba 326 628,361 12,148 78
97 | Marden (1) 327 1,134,155 5,944 265
98 | Blesa 328 133,679 4,033 35
99 | Gundi Qirga (1) 329 229,791 2,354 193
100 | Sharafxan(shex abas) 330 577,411 7,343 52
101 | Gundi Qirga (2) 331 415,322 2,527 302
102 | Shokakani yakgrtw 332 693,732 1,738 102
103 | Srwsht 333 1,028,788 7,017 127
104 | Xastaxanay Shorsh 334 4,829,240 6,481 61
105 | Gola bax 335 669,087 4,565 25
106 | Guni Qaratoghan 336 370,147 4,256 68
107 | Qasabxanai new338 996,157 7,289 13
108 | Gundi Hawana(1) 340 958,183 7,011 68
109 | Gundi Hawana(2) 342 756,752 171 115
110 | Gundi Hawana(3) 344 640,899 6,029 73
111 | Zhalai Sarw 346 445 983 1,965 73
112 | Zhalai Xwarw 348 366,278 1,914 2
113 | Chwar bax401 567,183 14,106 94
114 | Wais 402 352,614 3,370 44
115 | Garmiyan 403 146,899 1,432 52
116 | Shex mohiden 404 570,457 21,418 249
117 | Aw Barek 405 452,926 13,405 96
118 | Musherawa 406 483,194 11,108 98
119 | Sharawani 407 586,084 18,364 375
120 | Rzgari (1) 408 426,957 11,656 296
121 | Mawlana 409 1,190,513 3,899 230
122 | Ablax (1)410 281,720 2,189 313
123 | Chwarchra(1) 411 550,521 2,045 273
124 | Chiya 316 572,582 4,904 33
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Table (A.3)

No. District Name/ Number Area, m” P?([:):Il)z;::;n I()gglg:;;lg
125 | Kani Shakrao 317 533,427 3,181 78
126 | Kani Ba 318 662,669 6,861 37
127 | Rizgari (2) 412 754,123 11,941 158
128 | Chwarchra(2) 413 690,624 6,525 94
129 | (Ablax 2)414 554,663 3,155 57
130 | Chwarchra(3) 415 840,238 4,509 54
131 | Peshasazi 416 5.371,205 2,129 4
132 | Chwarchra(4) 417 458,401 4,050 88
133 | Awbaraw asha spi 418 1,729,130 8,978 52
134 | Chwarchra(5) 419 754,936 6,763 90
135 | Gundi Kanaswra 420 398,531 7,498 188
136 | Gundi Kani Goma 422 413,504 8,212 199
137 | Zankoi Slemani Nwe 501 458,401 - 0
138 | Sarw Kurdsat 502 1,118,363 3,507 31
139 | Gundi Qularaisi Khwarw 503 801,677 10,055 125
140 | Gundi Kalakn(2) 504 546,041 7,420 136
141 | Gundi Qularaisi sarw 505 773,711 8,087 105
142 | Parki Haware Shar 506 4,635,434 100 0
143 | Haware Shar, 508 381,695 2,559 67
144 | Qaiwan(1) 510 209,209 2,503 120
145 | Tavga(1) 512 360,596 5,970 166
146 | Qaiwan(2) 514 686,973 4,932 7
T47 | Tavea(2) 516 457,970 4,803 105
148 | 518 1,364,745 771 6
149 | 520 1,496,305 423 3
150 | Gundi Xewata 524 447,682 3,744 84
151 | Gundi Mala Daood 526 33,822 141 42
152 | Gundi Kani Bardena 528 851,711 890 10
153 | Gundi Fayal 530 1,548,672 9,712 63
154 | Mwkryan 701 1,119,706 8,430 75
155 | Aso 703 609,455 4,226 69
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Table (A.4a): Depths of the Sewer Box - Line A at Nominated Areas, (Researcher)

Line | Length,m | S.L* E.L" | Height, m | S.D° | ED? | NA®
Al 1161 860 830 25 3 | 450
368 830 820 2.5 3.70 | NA1
A2 873 895 860 2.5 5 [ 4.0
780 860 835 2.5 6.30 | NA2
231 835 820 2.5 4.00 | NA3
A3 552 840 830 1.5 4 |6.50
A4 315 830 820 1.5 7.60 | NA4
A5 504 820 806 25 4.80 | NAS
A6 643 806 805 2.5 7.10 | NA6
876 805 780 2.5 4.00 | NA7

Table (A.4b): Depths of the Sewer Box - Line B at Nominated Areas, (Researcher)

Line | Length,m | S.L* E.L” | Height,m | S.D° | E.DY | NA®
Bl 571 900 884 2.0 4 |3.15| NBI
770 884 857 2.0 3.10
B2 273 870 857 1.0 4 |2.10 | NB2
B3 1425 857 840 2.0 5.20 | NB3
249 840 817 2.0 3.50
B3-1 640 817 797 2.5 5.00 | NB4
818 797 775 2.5 4.25 | NB5

B4 504 790 775 1.0 4 | 2.60

B5 268 775 770 2.5 4.00 | NB6
673 770 760 2.5 4.00

B6 697 800 790 1.0 2 | 2.80 | NB7

B7 375 810 790 1.0 5 |3.00

B8 545 790 775 1.0 3.00 | NBS
845 775 760 1.0 2.50

B9 248 790 775 1.0 4 | 3.65

B10 221 780 775 1.0 3 | 450

Bl1 183 775 770 2.0 3.80 | NB9
244 770 765 2.0 3.20 | NBI10
234 765 760 2.0 3.50

B12 155 760 757 1.5 4.00

B13 86 757 755 25 4.00 | NBI1

a; S.L. = Start Ground Level, b; E.L. = End Ground level , ¢; S.D.=Start depth of the Sewer Box,
d; E.D=End depth of the Sewer Box, e; NA = Nominated Area Name.
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Table (A.4b)

Line | Length, m S.L”° E.L” [ Height, m | S.D° | E.D" | NA®
570 755 750 2.5 4.50

B14 156 757 750 2.0 3 3.60

B15 991 750 737 2.5 440 | NB12
2529 737 715 3.5 5.00

Table (A.4c): Depths of the

Sewer Box Line - C at Nominated Areas, (Researcher)

Line | Length,m | S.L* E.L" | Height,m | S.D° | E.D* | NA®

Cl1 168 878 875 1.0 2 | 3.40

C2 506 880 853 1.2 3 ] 250

C3 435 870 853 1.2 3 | 240

C4 150 853 850 1.5 2.80 | NC1
252 850 837 1.5 3.20

C5 243 850 842 1.0 2 | 230

C6 420 842 830 1.5 3.75

C7 662 850 830 1.2 2 | 3.00

C8 558 830 818 1.5 2.50 | NC2

C9 906 940 910 1.5 2 | 250 | NC3

C10 226 925 910 1.0 4 | 2.40

Cl11 840 910 883 2.0 3.60 | NC4
1556 883 833 2.0 3.40 | NC5
473 833 817 2.0 3.50 | NC6

C12 421 817 810 3.0 4.80

Cl13 96 810 810 1.0 4 | 5.80

Cl4 982 810 790 3.0 450 | NC7
530 790 780 3.0 4.00 | NC8
513 780 769 3.0 430 | NC9
192 769 765 3.0 4.50

Cl15 294 847 840 1.0 3 | 3.50 | NC10
266 840 833 1.0 2.30 | NCI11

Cl16 294 850 833 1.0 5 |3.70

C17 2063 833 790 2.0 4.00 | NC12
620 790 775 2.0 4.50 | NC13
522 775 765 2.0 4.90

a; S.L. = Start Ground Level, b; E.L. = End Ground level , c; S.D.=Start depth of the Sewer Box,

d; E.D=End depth of the Sewer Box, e; NA = Nominated Area Name.
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Table (A.4c)
Line | Length, m S.L”° E.L” [ Height, m | S.D° | E.D" | NA®
C18 257 765 763 3.0 6.00 | NC14
510 763 755 3.0 4.00 | NC15
462 755 750 3.0 420 | NC16
C19 589 760 749 2.0 3 5.80
C20 241 749 745 2.2 4.00 | NC17
C21 303 763 759 1.0 2 2.65
C22 833 759 745 2.2 3.60
C23 573 745 735 2.2 3.80
C24 1064 787 765 2.5 3 3.75
554 765 755 2.5 4.70 | NC18
544 755 750 2.5 4.00 | NC19
421 750 735 2.5 4.60 | NC20
C25 484 737 725 2.5 3.80 | NC21

Table (A.4d): Depths of the Sewer Box - Line D at Nominated Areas, (Researcher)

Line

Length, m

S.L?

E.L’

Height, m

S.D¢

E.DY

NA®

DI

947

754

735

2.0

3.00

3.00

NDI

Table (A.4e): Depths of the Sewer Box line - E at Nominated Areas, (Researcher)

Line | Length, m S.L? E.L” | Height,m | S.D° | ED?| NA®
El 1174 1000 945 2.0 3.5 | 3.35 | NEI
1244 945 885 2.0 430 | NE2
624 885 863 2.0 4.00 | NE3
756 863 840 2.0 3.80 | NE4
660 840 825 2.0 4.00
E2 2045 1035 920 2.0 4 |3.50 | NE5
420 920 890 2.0 3.90 | NE6
154 890 890 2.0 4.65
E2-1 1251 890 840 2.5 3.90 | NE7
E3 297 853 845 2.5 4 | 440 | NES
310 845 840 2.5 2 | 5.60
E4 538 840 820 2.5 420 | NE9
E5 452 820 810 2.5 4.60
E6 880 930 880 1.5 3 290 | NE10
650 880 857 1.5 2.60
E7 942 965 920 1.5 2 | 2.80 | NE11
324 920 905 1.5 3.00

a; S.L. = Start Ground Level, b; E.L. = End Ground level , c; S.D.=Start depth of the Sewer Box,

d; E.D=End depth of the Sewer Box, e; NA = Nominated Area Name
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Table (A.4c)

Line | Length, m S.L* E.L" | Height,m | S.D° | ED?| NA®

ES 906 950 905 1.0 2 | 240

E9 316 905 893 1.5 3.00 | NEI2
506 893 875 1.5 2.60

E10 856 950 910 2.5 4 | 420

Ell 247 955 945 1.0 2 | 240 | NEI3
884 945 910 1.0 3.5 | 3.10

E12 341 910 900 2.5 3.60

E13 1277 1025 950 2.5 3.5 | 3.80 | NE14
833 950 908 2.5 4.40

El4 394 918 908 1.0 4.5 | 5.40

E15 828 908 900 2.5 6.00 | NE15

El6 549 900 882 2.5 5.50

E17 224 887 882 2.0 3.5 | 3.20

E18 643 882 875 2.5 5.60

E19 230 875 865 2.5 4.80 | NE16
299 865 857 2.5 4.30

E20 541 857 840 2.5 3.50 | NE17
850 840 815 2.5 4.00 | NE18
171 815 810 2.5 4.20

E21 404 810 800 2.5 3.90 | NE19
563 800 785 2.5 4.60 | NE20
592 785 775 2.5 470 | NE21
631 775 765 2.5 4.20

E22-1 662 837 820 1.1 3.5 | 4.10

E22 1233 820 788 1.5 4.20

E23 490 795 788 1.0 2.5 | 240

E24 511 788 775 2.0 4.00 | NE22
486 775 765 2.0 3.70

E25 1270 765 745 2.0 4.00 | NE23
519 745 735 2.0 4.40 | NE24

E25-1 1023 735 715 2.8 3.80 | NE25

a; S.L. = Start Ground Level, b; E.L. = End Ground level , c¢; S.D.=Start depth of the Sewer Box,

d; E.D=End depth of the Sewer Box, e; NA = Nominated Area Name
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Table (A.4f): Depths of the Sewer Box F - at Nominated Areas, (Researcher)

Line | Length, m S.L* E.L” | Height,m | S.D° | E.D? | NA®
F1 769 850 826 1.5 2 | 2.60 | NFI
F2 497 825 826 1.0 1.5 | 6.00
F3 494 830 820 1.5 3.00 | NF2
F4 401 843 833 1.5 6 | 630 | NF3
738 833 820 1.5 6.60

F5 585 820 810 3.0 4.80 | NF4
312 810 797 3.0 4.60 | NF5
936 797 780 3.0 4.45 | NF6
380 780 767 3.0 4.75 | NF7
464 767 757 3.0 5.00 | NF8
1024 757 740 3.0 4.00 | NF9

F6 1213 765 740 1.0 4 | 4.00

F7 1924 740 725 3.0 4.70 | NF10
1286 725 705 4.0 5.00 | NF11

Table (A.4g): Depths of the Sewer Box Line - G at Nominated Areas, (Researcher)

Line | Length, m S.L* E.L" | Height,m | S.D° | E.D?| NA®
Gl 482 1010 1012 1.0 2 | 740 | NGl
1949 1012 993 1.0 4.00
G1-1 439 993 970 2.0 4.00 | NG2

1283 985 895 2.0 3.50 | NG3
G2 192 1005 985 1.0 6 | 2.30
192 985 965 1.0 5 | 2.60
192 965 945 1.0 45 | 250 | NG4
192 945 940 1.0 3.20
G3 121 940 940 1.0 2.5 | 3.75
G4 362 940 933 1.0 3.30 | NG5
G5 513 995 955 1.0 45 | 2.45 | NG6
G6 543 995 955 1.0 2.5 | 2.60
G7 365 955 933 1.0 2.50

a; S.L. = Start Ground Level, b; E.L. = End Ground level , c; S.D.=Start depth of the Sewer Box,
d; E.D=End depth of the Sewer Box, e; NA = Nominated Area Name
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Table (A.4g)
Line | Length, m S.L” E.L” | Height,m | S.D° | EDY| NA®
G8 241 933 920 3.0 430 | NG7
1004 920 895 3.0 4.40 | NG8
328 895 893 3.0 5.00 ggﬁ’)
G9 328 893 877 3.0 5.43
G10 725 945 893 1.5 4 | 280
Gl1 502 920 893 2.5 2 | 3.60
G12 209 893 885 3.0 4.40 | NG11
161 885 877 3.0 4.40
G13 102 877 873 2.5 3.80
351 873 860 2.5 420 | NGI12
Gl4 945 885 877 3.0 2 | 6.45 | NG13
617 877 860 3.0 4.90 | NG14
G15 236 860 853 2.5 4.00 | NG15
451 853 837 2.5 5.15 | NG16
947 837 807 2.5 4.50
G16 936 835 807 2.5 3 1370
G17 247 807 803 2.5 3.90 | NG17
G18 619 823 803 2.5 3 | 4.00 | NG18
G19 246 803 797 3.0 470 | NG19
740 797 775 3.0 5.40 | NG23
1367 775 745 3.0 4.60 | NG24
G20 340 867 865 1.0 2 | 3.70
G21 557 865 850 1.0 2.00 | NG20
G22 434 857 850 1.0 2 | 250
G23 391 850 835 1.0 2.40 | NG21
G24 222 870 863 2.5 35 | 4.15
1052 863 835 2.5 4.50
G25 1362 835 795 2.5 5.40 | NG22
G26 785 820 795 2.0 2.5 | 3.00
G27 2178 795 745 2.5 3.65 | NG23

a; S.L. = Start Ground Level, b; E.L. = End Ground level , ¢; S.D.=Start depth of the Sewer Box,

d; E.D=End depth of the Sewer Box, e; NA = Nominated Area Name
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Table (A.4h): Depths of the Sewer Box Line - H at Nominated Areas, (Researcher)

Line | Length, m S.L? E.L"” | Height, m | S.D° | E.D* | NA®
H1 1058 1105 1025 2.5 4 5.85
H2 668 1075 1025 2.0 5 7.10

H3 764 1025 970 2.5 5.60 | NHI

600 970 930 2.5 4.60 | NH2
732 930 890 2.5 4.85

H4 755 930 890 1.0 3 3.30 | NH3

H5 167 890 880 2.5 4.00 | NH5

H6 2204 955 900 1.5 2 5.80 | NH4
262 900 880 1.5 4.60

H7 940 880 852 2.5 5.90 | NH6

850 852 820 2.5 4.40 | NH7

554 820 805 2.5 490 | NHS

301 805 795 2.5 5.45 | NH9

650 795 775 2.5 2.70 | NH10

344 775 780 2.5 9.40 | NH11

327 780 775 2.5 6.00 | NHI12

Table (A.4i): Depths of the Sewer Box Line - I at Nominated Areas, (Researcher)

Line | Length, m S.L.? E.L" | Height, m | S.D° | E.D* | NA®
11 850 930 885 2.0 3 3.35 | NIl
2 740 928 885 1.5 3 2.95
I3 1066 885 844 2.0 4.00 | NI2
1304 844 805 2.0 410 | NI3
414 805 797 2.0 3.60 | N4
300 797 795 2.0 3.70 | NI5
190 795 787 2.0 3.30

14 175 825 815 1.5 2 2.80 | NI6
384 815 802 1.5 330 | NI7
234 802 793 1.5 2.65

15 175 834 830 1.5 3 3.15 | NI8
433 830 810 1.5 3.50 | NI9
292 810 793 1.5 3.15

a; S.L. = Start Ground Level, b; E.L. = End Ground level , c; S.D.=Start depth of the Sewer Box,
d; E.D=End depth of the Sewer Box, e¢; NA = Nominated Area Name
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Table (A.4i)

Line | Length, m S.L* E.L” | Height, m | S.D° | E.D® | NA®
16 278 793 788 2.0 2 3.65 | NI10
410 788 787 2.0 4.65 | NI11
17 430 787 777 2.0 3.70 | NI12
I8 1054 845 810 1.5 25 | 270 | NI13
308 810 797 1.5 2.65 | NI14
514 797 788 1.5 2.90 | NII5

359 788 777 1.5 2.70
19 161 777 773 2.0 3.50 | NI16
734 773 750 2.0 3.50 | N117

Table (A.4j): Depths of the Sewer Box Line - J at Nominated Areas, (Researcher)

Line | Length, m S.L* E.L"” | Height, m | S.D° | E.D* | NA®
J1 60 929 924 1.0 4 3.45
51 924 921 1.0 3.25
50 921 919 1.0 4.00
J1 696 930 895 2.0 3 3.40 | NIl
714 895 867 2.0 4.00 | NJ2
1447 867 815 2.0 4.00
12 512 835 820 1.0 2 3.40
J3 357 835 820 1.0 2 2.30
J4 269 820 816.6 1.0 325 | NJ3
J5 5520 805 660 2.0 2 3.65 | NJ4

a; S.L. = Start Ground Level, b; E.L.
d; E.D=End depth of the Sewer Box, e; NA = Nominated Area Name

= End Ground level , c; S.D.=Start depth of the Sewer Box,

Table (A.5a) : Area Suitability ( mz) of Nominated Areas of Line A, (Researcher)

NA®| R" M.S ¢ s V.S® | HS' | ES® | Total Area, m’
NAL | 4,147 0.0 0.0 2,488 905 0.0 7,540
NA2 | 1,624 0.0 0.0 3,519 271 | 433 5,413
NA3 | 574 0.0 3,442 344 1,205 | 172 5,736
NA4 | 1,153 0.0 412 6,506 0.0 165 8,236
NAS5 | 726 0.0 0.0 111 1,0978 | 0.0 11,815
NA6 | 3,085 0.0 0.0 1,311 | 1,774 | 1,542 7712

a: NA= Nominated Area, b: R = Restricted, c; M.S= Moderately Suitable, d; S = Suitable, e;
V.S. = Very Suitable, f; H.S. = Highly Suitable, g; E,S. = Extremely Suitable,
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Table (A.5b) : Area Suitability ( mz) of Nominated Areas of Line B, (Researcher)

NA®| R® | msc | s¢ vs® | HST | ES® T"talln‘?m’
NBI | 00 0.0 0.0 3797 | 936 | 468 5202
NB2 | 00 00 | 1020 | 2980 | 3843 | 00 7.843
NB3 | 307 0.0 0.0 00 | 4353 | 461 5.121
NB4 | 223 0.0 0.0 4755 | 1932 | 520 7430
NB5 | 8 0.0 0.0 00 | 8328 | 00 8337
NB6 | 0.0 0.0 51 3687 | 1383 | 00 5.121
NB7 | 277 00 | 222 | 1885 | 3160 | 00 5,544
NBS | 0.0 0.0 0.0 5665 | 337 | 742 6.744
NB9 | 10 00 | 4910 0.0 00 | 00 4919
NBI10| 31 00 | 698 1397 | 2239 | 0.0 4365
NBIL| 00 0.0 0.0 202 | 7472 | 16l 8,034
NB12| 285 0.0 0.0 0.0 00 | 8921 9.207
NBI13| 00 00 | 1845 | 1054 | 2373 | 00 5272

Table (A.5c) : Area Suitability ( mz) of Nominated Areas of Line C, (Researcher)

NA? | RP | msc | s¢ vst | HS' | ES® T"talln‘?"ea’
NCI | 238 59 0.0 2676 | 00 | 00 2.974
NC2 | 0.0 0.0 202 3234 | 606 | 00 4,042
NC3 | 434 | 00 217 3693 | 00 | 00 4345
NC4 | 00 00 | 3.974 729 | 1921 | 00 6.623
NC5 | 00 00 | 1.887 | 1234 | 508 | 00 3.629
NC6 | 0.0 00 | L33 | 1700 | 00 | 00 2.833
NC7 | 00 160 763 334 | 518 | 00 1774
NCS | 0.0 0.0 0.0 3389 | 424 | 39 3.851
NC9 | 0.0 0.0 538 1.166 | 90 | 00 1794
NC10 | 0.0 0.0 851 00 | 500 | 00 1351
NCI1| 262 | 00 | 3.065 0.0 00 | 00 3327
NC12 | 81 0.0 230 1793 | 1.041 | 00 3.145
NCI3 | 00 00 | 2165 | 1499 | 500 | 00 4,163
NC14 | 0.0 00 | 1223 | 2598 | 00 | 00 3.821
NCI5 | 0.0 0.0 0.0 754 | 2523 | 0.0 3.276
NC16 | 0.0 | 1099 0.0 1744 | 948 | 0.0 3.790
NC17| 00 | 1545 0.0 3522 | 1112 | 00 6.180
NCIS | 0.0 00 | 1.052 | 2526 | 00 | 00 3.508

NA= Nominated Area, b: R = Restricted, c; M.S= Moderately Suitable, d; S = Suitable, e; V.S. = Very
Suitable, f; H.S. = Highly Suitable, g; E,S. = Extremely Suitable,
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Table (A.5¢)

NA® R" M.S ¢ s4d V.Sse© HS' | E.S# | Total Area, m"
NC19 | 00 0.0 2242 285 1032 0.0 3.559
NC210| 0.0 0.0 3,734 1245 948 0.0 5.928
NC21 | 00 105 3,348 0.0 1,570 | 209 5232

Table (A.5d) : Area Suitability ( mz) of Nominated Areas of Line D, (Researcher)

NA'|[ R® | ms® s¢ vs*® HST | E.S® | Total Area, m’
ND1 0.0 0.0 0.0 0.0 0.0 10,686 10,686
Table (A.5e) : Area Suitability ( mz) of Nominated Areas of Line E, (Researcher)

NA®| R® | MsS® S ¢ vs® | HST | ES® | Total Area, m’
NEI 30 0.0 0.0 1139 3,780 0.0 4,950
NE2 585 0.0 0.0 5,444 0.0 0.0 6,028
NE3 313 0.0 3,557 0.0 578 0.0 4,446
NE4 0.0 0.0 832 2495 0.0 0.0 3,327
NES5 0.0 0.0 905 1,590 247 0.0 2,742
NE6 480 0.0 0.0 2,194 651 103 3,427
NE7 32 0.0 2,237 0.0 671 256 3,196
NES 0.0 0.0 0.0 844 4,781 0.0 5,625
NE9 261 0.0 1,417 1,343 709 0.0 3,730
NE10 0.0 0.0 1,260 5,403 0 0.0 6,663
NEI11 65 0.0 500 677 371 0.0 1,613
NEI12 171 0.0 2,026 0.0 0 0.0 2,198
NE13 252 0.0 0.0 3,347 0 0.0 3,599
NE14 0.0 471 1,020 1,843 588 0.0 3,921
NEI15 147 0.0 339 471 515 0.0 1,472
NEI16 0.0 0.0 331 331 5,952 0.0 6,613
NE17 0.0 0.0 318 1063 0 0.0 1,381
NE18 54 0.0 295 590 1,743 0.0 2,681
NEI19 299 0.0 0.0 2635 60 0.0 2,994
NE20 0.0 0.0 385 1540 0 0.0 1,925
NE21 0.0 1147 0.0 2248 1,193 0.0 4,587
NE22 | 2,651 0.0 0.0 0.0 6,200 0.0 8,851
NE23 | 1,401 0.0 0.0 0.0 10,262 0.0 11,663
NE24 | 1,043 0.0 2,310 0.0 4,099 0.0 7,453

a : NA= Nominated Area, b: R = Restricted, c; M.S= Moderately Suitable, d; S = Suitable,
e; V.S. = Very Suitable, f; H.S. = Highly Suitable, g; E,S. = Extremely Suitable,
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Table (A.5f) : Area Sultablllty (m ) of Nominated Areas of Line F, (Researcher)

NA?|] R | MS°© s V.S HST | E.S® | Total Area, m
NF1 | 81 0.0 0.0 0.0 696 12,551 13,327
NE2 | 0.0 0.0 0.0 0.0 5,445 | 3,063 8,508
NE3 | 0.0 0.0 333 1,018 0.0 0.0 1,351
NF4 | 71 0.0 0.0 1,373 3,373 0.0 4,819
NF5 | 146 0.0 0.0 438 3,065 0.0 3,649
NF6 | 0.0 0.0 0.0 94 2,872 | 1,742 4,708
NF7 | 42 0.0 0.0 3,779 0.0 332 4,153
NF8 | 0.0 0.0 0.0 169 4,827 | 3,472 8,468
NF9 | 0.0 0.0 0.0 2,341 1,040 954 4335
NF10 | 186 466 0.0 2,608 3,912 | 2,142 9,315
NF11| 0.0 0.0 231 1,978 1,088 0.0 3,296
NF12 | 111 0.0 0.0 4,012 16,460 0.0 20,575

Table (A. Sg) Area Sultablllty (m ) of Nominated Areas of Line G, (Researcher)

NA? | RP M.S*© st VS H.S' E.S® | Total Area, m”
NGl 0.0 514 1,028 2,134 277 0.0 3,952
NG2 | 589 0.0 0.0 2,550 6,670 0.0 9,809
NG3 0.0 223 556 0.0 4,229 556 5,565
NG4 | 153 0.0 306 3,362 0.0 0.0 3,821
NG5 132 182 0.0 1,339 0.0 0.0 1,653
NG6 74 0.0 1,450 121 290 0.0 1,936
NG7 50 565 595 0.0 0.0 0.0 1,210
NG8 20 0.0 886 101 496 0.0 1,502
NG9 27 0.0 1,523 0.0 1,122 0.0 2,671
NG10 | 0.0 0.0 2,520 1,079 1,470 0.0 5,071
NG11 | 139 0.0 696 1,447 501 0.0 2,782
NG12 | 330 0.0 165 2,472 330 0.0 3,296
NG13 | 97 682 0.0 1,493 974 0.0 3,246
NG14 | 0.0 0.0 315 1,258 0.0 0.0 1573
NG15 | 0.0 251 879 1,381 0.0 0.0 2,510
NG16 | 50 655 1,482 0.0 0.0 0.0 2,188
NG17 | 283 0.0 339 5,033 0.0 0.0 5,655
NGI18 | 0.0 812 0.0 4,521 464 0.0 5,796

a : NA= Nominated Area, b: R = Restricted, ¢; M.S= Moderately Suitable, d; S = Suitable,
e; V.S. = Very Suitable, f; H.S. = Highly Suitable, g; E,S. = Extremely Suitable,
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Table (A.5g)

NA® | R® | msc¢| s¢ V.S® H.S' | E.S® | Total Area, m’
NG19 139 0.0 278 3,061 0.0 0.0 3,478
NG20 0.0 0.0 1,497 3,548 499 0.0 5,544
NG21 122 0.0 1,478 190 922 0.0 2,712
NG22 135 473 0.0 0.0 5,268 878 6,754
NG23 541 0.0 270 4,393 8,314 0.0 13,518
NG24 0.0 0.0 7,379 0.0 3,801 0.0 11,180
Table (A.Sh) : Area Suitability ( mz) of Nominated Areas of Line H, (Researcher)
NA? R [ ms® s vst | HS' | E.S® | Total Area, m’
NH1 0.0 0.0 2,520 3,256 0.0 0.0 5,776
NH2 0.0 0.0 0.0 8,568 1,059 0.0 9,627
NH3 104 0.0 1,661 311 0.0 0.0 2,077
NH4 998 0.0 4,123 141 0.0 0.0 5,262
NHS5 84 0.0 2,055 1,677 377 0.0 4,194
NH6 0.0 276 829 0.0 4,419 0.0 5,524
NH7 177 0.0 0.0 3,009 1,239 0.0 4,425
NHS 0.0 0.0 3,339 629 871 0.0 4,839
NH9 509 0.0 1,908 3,944 0.0 0.0 6,361
NH10 0.0 0.0 1,489 1,747 0.0 0.0 3,236
NHI11 762 0.0 1,385 4,363 413 0.0 6,926
NH12 1,833 0.0 2,596 9,622 1,222 0.0 15,272

Table (A.Si) : Area Suitability ( mz) of Nominated Areas of Line I, (Researcher)
NA? R" M.S€ st V.S HS' E.S® | Total Area, m’
NI1 163 0.0 373 1,723 70 0.0 2,329

NI2 207 0.0 0.0 0.0 1,506 0.0 1,714

NI3 96 0.0 1,266 334 693 0.0 2,389

NI4 0.0 0.0 0.0 4,926 4,368 0.0 9,295

NIS 0.0 753 251 3,514 502 0.0 5,020

NI6 0.0 0.0 688 213 350 0.0 1,250

NI7 76 248 0.0 1,619 0.0 0.0 1,905

NI8 0.0 0.0 2,835 232 1,580 0.0 4,647

NI9 89 0.0 254 762 165 0.0 1,270
NI10 0.0 0.0 512 563 205 0.0 1,280

a : NA= Nominated Area, b: R = Restricted, c; M.S= Moderately Suitable, d; S = Suitable,
e; V.S. = Very Suitable, f; H.S. = Highly Suitable, g; E,S. = Extremely Suitable,
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Table (A.5i)

NA® | R" | msc | s¢ vs® | HS' | ES® | Total Area, m’
NI11 10 615 1139 0.0 0.0 0.0 1,764
NI12 0.0 0.0 285 854 0.0 0.0 1,139
NI13 334 0.0 1,502 100 1,401 0.0 3,337
NI14 107 0.0 1,288 0.0 558 193 2,147
NI15 0.0 0.0 0.0 118 2,251 0.0 2,369
NI16 36 0.0 1,142 607 0.0 0.0 1,784
NI17 0.0 437 3,058 312 2,434 0.0 6,240
Table (A.5j) : Area Suitability ( mz) of Nominated Areas of Line J, (Researcher)
NA® | R" | Ms® | s | vs°© HS' | E.S® | Total Area, m’
NJ1 0.0 1,663 0.0 11,582 971 0.0 14,214
NJ2 0.0 0.0 0.0 2,841 5,406 916 9,163

NJ3 356 713 0.0 1,069 7,636 407 10,182
NJ4 9161 0.0 0.0 458 36,188 0.0 45,807

a : NA= Nominated Area, b: R = Restricted, c; M.S= Moderately Suitable, d; S = Suitable,
e; V.S. = Very Suitable, f; H.S. = Highly Suitable, g; E,S. = Extremely Suitable,

Table (A.6): Normalized WAY of the Nominated Areas, (Researcher)

NA? | WAV” | NWAV® | NA" | WAV" | NWAV®
NA1 10 0.00 NBI10 22 0.48
NA2 17 0.47 NBI11 26 0.70
NA3 16 0.39 NBI12 32 1.00
NA4 17 0.48 NB13 21 0.40
NAS 25 1.00 NC1 18 0.47
NA6 16 0.41 NC2 21 0.67
NB1 22 0.49 NC3 18 0.44
NB2 22 0.49 NC4 18 0.46
NB3 26 0.66 NC5 17 0.42
NB4 22 0.47 NC6 17 0.41
NB5 27 0.71 NC7 18 0.45
NB6 22 0.45 NC8 21 0.68
NB7 23 0.49 NC9 18 0.49
NB8 22 0.46 NCI0 18 0.48
NB9 13 0.00 NCI11 12 0.00

a; NA = Nominated Areas, b; WAV = Weighted Average Value %,
c; NWAYV = Normalized weighted Average Value
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Table (A. 6)

NA? WAV"® | N.WAV® | NA® WAV | N. WAV®
NC12 21 0.71 NF4 24 0.43
NC13 17 0.41 NF5 25 0.46
NC14 18 0.45 NF6 29 0.74
NC15 25 1.00 NF7 21 0.19
NC16 18 0.45 NF8 29 0.76
NC17 18 0.45 NF9 25 0.44
NC18 18 0.49 NF10 25 0.46
NCI19 18 0.44 NF11 22 0.25
NC20 17 0.37 NF12 25 0.49
NC21 18 0.46 NG1 17 0.39
ND1 33 1.00 NG2 23 0.74

NE1 25 0.93 NG3 25 0.84

NE2 18 0.43 NG4 19 0.48

NE3 14 0.15 NG5 17 0.39

NE4 18 0.45 NG6 15 0.29

NE5 18 0.46 NG7 10 0.00

NE6 19 0.49 NGS8 18 0.44

NE7 18 0.40 NG9 19 0.49

NES8 26 0.98 NG10 19 0.48

NE9 17 0.38 NG11 19 0.47
NEI10 19 0.48 NG12 18 0.46
NEI11 19 0.48 NG13 19 0.48
NEI12 12 0.00 NG14 19 0.48
NE13 19 0.47 NG15 16 0.35
NE14 18 0.40 NG16 11 0.06
NE15 19 0.49 NG17 19 0.48
NE16 26 0.98 NG18 19 0.48
NE17 18 0.46 NG19 19 0.48
NEI18 23 0.80 NG20 19 0.49
NE19 18 0.44 NG21 18 0.43
NE20 19 0.48 NG22 26 0.87
NE21 18 0.46 NG23 23 0.73
NE22 19 0.48 NG24 18 0.44
NE23 23 0.82 NH1 17 0.47
NE24 19 0.49 NH2 21 0.75

NF1 33 1.00 NH3 14 0.21

NF2 29 0.75 NH4 11 0.00

NF3 18 0.00 NH5 17 0.46

a; NA = Nominated Areas, b; WAV = Weighted Average Value %,

¢; NWAV = Normalized weighted Average Value
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Table (A. 6)

NA? | WAV NWAV ¢ | NA" | WAV | NWAV ¢
NHo6 24 0.97 NI11 11 0.00
NH7 21 0.77 NII12 18 0.49
NHS8 17 0.43 NI13 18 0.45
NH9 16 0.42 NI14 18 0.46
NHI10 17 0.46 NIIS 26 1.00
NHI11 17 0.45 NI16 15 0.29
NH12 17 0.46 NI17 18 0.49

NI1 18 0.45 NJ1 19 0.00

NI2 23 0.83 NJ2 25 1.00

NI3 18 0.44 NJ3 24 0.82

NI4 23 0.81 NJ4 21 0.39

NI5 18 0.49

NI6 18 0.48

NI7 18 0.46

NIS 18 0.48

NI9 18 0.48

NI10 18 0.49

a; NA = Nominated Areas, b; WAV = Weighted Average Value %,
¢; NWAV = Normalized weighted Average Value

Table (A.7): The Optimized 31 Nominated Areas, (Researcher)

No. Old NA" Name Optimized NA Sewer Line
1 NAS OAl A
2 NB3 OBl1
3 NB5 OB2 B
4 NBI11 OB3
5 NB12 OB4
6 NC2 OCl1
7 NC8 0C2 C
8 NCI12 0C3
9 NC15 0C4
10 ND1 OD1 D
11 NE1 OE1
12 NES OE2
13 NE16 OE3 E
14 NE18 OE4
15 NE23 OE5

a; NA = Nominated Areas,
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Table (A. 7)
No. Old NA" Name Optimized NA Sewer Line

16 NF1 OF1
17 NF2 OF2 F
18 NF6 OF3
19 NF8 OF4
20 NG2 0Gl1
21 NG3 0G2 G
22 NG22 0G3
23 NG23 0G4
24 NH2 OHI1
25 NH6 OH2 H
26 NH7 OH3
27 NI2 Oll
28 NI4 0]V I
29 NII5 OI3
30 NJ2 0J1 3
31 NJ3 0J2

a; NA = Nominated Areas,

Table (A.8a): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line A,

(Researcher)
a . b Area Area of o Pop. of 0.1
ONA®" | District Names | Pop. m?x10° | Flow, m’ F* % Flow Area md
OA1 | Qaiwan 514 4,932 686 686,973 1.0 4,932 986
Hawari Shar 508 | 2,559 | 381,695 | 381,695 1.0 2,559 512
Qaiwan 510 2,503 | 209,209 | 209,209 1.0 2,503 501
Chnarol 172 8,317 | 746,714 | 485,364 0.7 5,406 1,081
Total Flow | 3,080

a;ONA = Optimized nominated area, b ;Pop. = Population, c; F= Fraction of Area of Flow/Total area,

d; Q., = Average Daily Flow
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Table (A.8b): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line B,

(Researcher)
c Pop. of d
a . L. b Area Area of F O
ONA District Names Pop. m? Flow, m? % il:ev; m/d

OB1 |Gundi Kalakn504 7,420 546,041 546,041 1.0 7,420 1,484

Gundi Kalakn162 7,819 422,660 346,581 0.8 6,412 1,282

Zirak 168 6,160 126,000 126,000 1.0 6,160 1,232
Peramagrwn 164 | 3,989 719,464 719,464 1.0 3,989 798
Baxtawari 170 1,565 371,540 222,924 | 0.6 939 188

Total Flow | 4,984

OB2 | Baxtawari 170 1,565 371,540 148,616 | 0.4 626 125
farmanbaran 154 6,150 487,903 195,161 0.4 2,460 492
Bekas 156 5,340 490,005 490,005 1.0 5,340 1,068
chnarok 172 8,317 746,714 224,014 | 0.3 2,495 499
Naghada 152 3,345 980,089 539,049 | 0.6 1,840 368

Total Flow | 2,552

OB3 | Naghada 152 3,345 980,089 343,031 | 0.45 1,505 301

Kani speka 130 20,275 537,720 188,202 | 1.00 | 20,275 4,055

Farmanbaran 154 6,150 487,903 292,742 | 0.60 3,690 738

Kwestan 150 4,300 375,452 375,452 | 1.00 4,300 860
Nergz 148 2,204 339,070 339,070 | 1.00 2,204 441
Mashxalan 128 11,321 431,491 215,745 | 1.00 11,321 2,264
Sarchinar 119 9,036 541,747 151,689 | 0.28 2,530 506
Sarchinar 121 11,441 379,292 113,788 | 1.00 11,441 2,288

Total Flow | 11,453

OB4 | Harawazi 123 14,401 | 1,237,340 | 915,632 | 0.7 10,637 2,127

Total Flow | 2,127

a;0ONA = Optimized nominated area, b ;Pop. = Population, ¢; F= Fraction of Area of Flow/Total area,
d; Q,, = Average Daily Flow
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Table (A.8¢): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line C,

(Researcher)
Area of c Pop. of d
ONA* District Names Pop.” Ar‘ia Flow, f Fﬁ)w Q‘ﬁv
m 2 % m’/d
m Area
OC1 | Hemin 146 4921 546,271 300,449 | 1.00 | 4,921 984
Zerin 144 5,910 445,677 | 200,555 | 0.72 | 4,255 851
Total Flow 1,835
OC2 | Kalakn 158 3,435 663,467 | 663,467 | 1.00 | 3,435 687
Kurdsat 138 4,275 423,543 | 220,243 | 0.52 | 2,223 444
Bastan 160 4,769 616,610 | 616,609 | 1.00 | 4,769 953
garaKi 162 7,819 422,660 77,206 | 0.18 1,428 285
Sardaw 140 5,362 581,454 | 261,654 | 045 | 2,413 482
Rozh City 807
Zrein 144 5,910 445,677 124,789 | 0.28 1,655 330
Sarwari 142 5,497 581,454 | 314,209 | 1.00 | 5,497 1,099
Zargata 126 19,356 855,239 | 427,619 | 0.50 | 9,678 1,935
Sarchnar 119 9,036 541,747 119,184 | 0.72 | 6,506 1,301
New Baxtiyari 117 16,095 409,050 | 224,977 | 0.55 8,852 1,770
Jaff Towers - 217
Total Flow 10,316
OC3 | Badinan 124 7,477 382,643 | 210,454 | 1.00 | 7,477 1,495
Besarani 122 16,241 538,511 296,181 | 1.00 | 16,241 3,248
Shirwana 115 1,000 376,513 376,513 | 1.00 1,000 200
Hakari 113 9,209 305,502 | 305,502 | 1.00 | 9,209 1,842
Zargata 126 19,356 855,239 | 427,619 | 0.50 | 9,678 1,936
Total Flow 8,721
0OC4 | New Baxtiyari 117 16,095 409,050 184,073 | 0.45 7,243 1,449
Baxtiyari 111 3,984 409,050 143,168 | 1.00 | 3,984 797
Handren 109 4,635 315,088 | 315,088 | 1.00 | 4,635 927
Harawazi 123 14,401 1,237,340 | 125,000 | 0.16 | 2,286 457
Pak City 672
Baharn City 91
Total Flow 4,393

a; ONA = Optimized nominated area, b ;Pop. = Population, ¢; F= Fraction of Area of Flow/Total area,
d; Q. = Average Daily Flow
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Table (A.8d): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line D,

(Researcher)
. | District b Area Areaof | F* Pop. of 0.
ONA™| Names Pop. m’ Flow,m’> | % | Flow Area | m’/d
OoD1 Shakraka 125 9,745 304,082 304,082 1.0 9,745 1,949
Hawarazi 123 14,401 1,237,340 289,923 0.23 3,374 675
Total Flow | 2,624

Table (A.8e): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line E,

(Researcher)
c Pop. of d
a . . b Area Area of F O
ONA" | District Names Pop. m? Flow, m? o, il:ev;' m/d
OE1 | 502 Zone 3,507 1,118,363 | 1,118,363 | 1.00 3,507 701
Kurdsat 136 3,627 853,675 85,367 0.10 363 73
Kurdsat 138 4,275 423,543 101,650 0.24 1,026 205
Barzaiakani 2,200
Slemani
Total Flow | 3,179
OE2 | Kurdsat 138 4275 423,543 101,650 0.24 1,026 205
Kurdsat 136 3,627 853,675 128,051 0.90 3,265 653
Sardaw 140 5,362 851,528 468,340 0.55 2,949 590
Swren 120 12,185 483,331 314,165 1.00 | 12,185 2,437
Kareza Wshk 118 5,956 301,305 147,639 1.00 5,956 1,191
Baxan 108 5,170 746,290 149,258 0.55 2,843 569
Garden City 662
Xwar Kurdsat 134 1,902 1,683,354 | 1,683,354 | 0.99 1,883 377
Kareza Wshk 114 | 11,936 307,684 307,684 1.00 | 11,936 2,387
Ashti 106 11,954 343,767 25,000 0.61 7,324 1,465
Ashti 104 9,985 454,686 93,000 0.38 3,794 759
Total Flow 11,295

a; ONA = Optimized nominated area, b ;Pop. = Population, ¢; F= Fraction of Area of Flow/Total area,
d; O, = Average Daily Flow
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Table (A. 8e)

Area of c Pop. of d
ONA? | District Names Pop.” Arﬁa Flow, f Fll:)w Q‘;”
m 2 Yo m’/d
m Area
OE3 | Dabashan 116 11,160 | 613,528 | 515,363 | 1.00 11,160 2,232
Haware Taza 219 7,021 | 294,538 | 60,000 | 1.00 7,021 1,404
Majid Bag 215 6,546 | 313,864 | 235,398 | 1.00 6,546 1,309
Majid Bag 213 14,322 | 371,854 | 70,652 | 0.19 2,721 544
Gundi, Almani 1,723
Nali 221 1,650 60,000 60,000 | 1.00 1,650 330
Shary Daik 365
Hawara Barza 218 22,152 | 679,846 | 535,000 | 1.00 22,152 4,430
Ali Kamal 212 12,005 | 385,418 | 385,418 | 1.00 12,005 2,401
Twi Malik 211 12,420 | 460,396 | 276,238 | 1.00 12,420 2,484
Azmar 217 8,502 | 599,419 | 599,419 | 1.00 8,502 1,700
Mamostayan 112 8,322 | 288,524 | 237,470 | 1.00 8,322 1,664
Qazi Mohammed 110 | 10,414 | 434,803 | 86,961 | 0.20 2,083 417
OE3 | Ashti 104 9,985 | 454,686 | 45,469 | 0.10 998 200
Total Flow | 21,204
OE4 | Ashti 104 9,985 | 454,686 | 227,343 | 0.50 4,992 998
Bakhan 108 5,170 | 746,290 | 335,830 | 0.45 2,326 465
Baranan 107 5,864 | 403,098 | 307,000 | 0.76 4,466 893
Ashti 106 11,954 | 343,767 | 134,069 | 0.39 4,662 932
Total Flow | 3,288
OE5 | Baranan 107 5,864 | 403,098 | 96,000 | 0.24 1,397 279
Andazyran 105 4,199 | 361,515 | 234,984 | 0.65 2,729 546
Rizgari 408 11,656 | 426,957 | 286,957 | 0.67 7,834 1,567
Ablakh 410 2,189 | 281,720 | 126,774 | 0.45 985 197
Ali Naji 103 5,612 | 437,352 | 437,352 | 1.00 5,612 1,122
Shorsh 101 8,115 | 534,268 | 363,302 | 0.68 5,518 1,104
Qazi Mihamed 110 10,414 | 434,803 | 347,843 | 0.80 8,331 1,666
Raparin 102 6,510 | 695,358 | 347,679 | 0.50 3,255 651
Shekh Mohiden 404 | 21,418 | 570,457 | 570,457 | 1.00 21,418 4284
Mushirawa 406 11,108 | 483,194 | 483,194 | 1.00 11,108 2,222
Mazari Shahid Jabar 3,155 | 554,663 | 375,000 | 0.68 2,133 427
414
From Chwar Chra 550
New city
Total Flow | 14,614

a; ONA = Optimized nominated area, b ;Pop. = Population, ¢; F= Fraction of Area of Flow/Total area,
d; Q. = Average Daily Flow
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Table (A.8f): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line F,

(Researcher)
a | rve s b Area Areaof | F© Pop. of [
ONA" | District Names Pop. m? Flow, m? % | Flow Area | m/d
OF1 | New Sulaimani 209 | 8,724 396,651 396,651 1.0 8,724 1,745
Kani Askan 205 9,775 349,511 192,231 | 0.55 5,376 1,075
Raparin 102 6,510 695,358 347,679 | 0.50 3,255 651
Total Flow | 3,471
OF2 | Shorsh 101 8,115 534,268 106,854 | 0.20 1,623 325
Kani Askan 205 9,775 349,511 157,280 | 0.45 4,399 880
Total Flow | 1,204
OF3 | Shorsh 101 8,115 534,268 64,112 0.12 974 195
Wais 402 3,370 352,614 | 352,614 | 1.00 3,370 674
Chwar Bakh 401 14,106 | 567,183 567,183 | 1.00 14,106 2,821
Sharawani 407 18,364 | 586,084 | 240,294 | 1.00 18,364 3,673
Garmeyan 403 1,432 146,899 146,899 | 1.00 1,432 286
Awa barik 405 13,405 | 452,926 | 452,926 | 1.00 13,405 2,681
Total Flow | 10,330
OF4 | Chwar Chra 413 6,525 690,624 | 241,718 | 0.70 4,568 914
Chwar Chra 411 2,045 550,521 275,260 | 1.00 2,045 409
Total Flow | 1,323

a;0ONA = Optimized nominated area, b ;Pop. = Population, c; F= Fraction of Area of Flow/Total area,

d; Q., = Average Daily Flow
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Table (A.8¢g): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line G,

(Researcher)
¢ Pop. of d
a . L. b Area Area of F O
ONA® | District Names Pop. m? Flow, m? % il:ev; m/d
OG1 | Mahwi 226 659 750,266 750,266 1.00 659 132
Kaziwa 234 6,147 | 1,426,241 350,000 0.25 1,509 302
Goizha City 1,440
Total Flow | 1.874
OG2 | Ibrahim Ahmed 9,041 446,907 446,907 1.00 9,041 1,808
224
Azadi 216 13,261 418,231 154,745 1.00 13,261 2,652
New Goizhai 220 | 8,429 261,473 203,949 1.00 8,429 1,686
Azadi 222 17,899 | 641,063 108,981 1.00 17,899 3,580
Shahidan 214 13,103 382,846 99,540 1.00 13,103 2,621
Total Flow | 12,347
OG3 | Shekhan 203 3,067 214,983 189,185 1.00 3,067 613
Grdi Joga 207 2,066 204,599 204,599 1.00 2,066 413
Malkani 206 12,053 | 414,216 140,833 1.00 12,053 2,411
Sabwnkaran 204 | 11,040 | 308,149 308,149 1.00 11,040 2,208
Bazrgani 201 1,776 180,515 180,515 1.00 1,776 355
Sarshagam 302 7,855 208,513 95,916 0.46 3,613 723
Sarshagqam 310 7,314 725,291 188,576 0.26 1,902 380
Total Flow | 7,103
0G4 | Kaziwa 234 6,147 | 1,426,241 713,121 0.50 3,074 615
Mama Yara 307 7,295 227,011 227,011 1.00 7,295 1,459
Rosh Halat 309 8,041 524,674 424,986 1.00 8,041 1,608
Saywan 301 11,058 | 383,693 41,019 1.00 11,058 2,212
Darogha 210 10,435 369,428 118,217 1.00 10,435 2,087
Goisha 208 9,818 340,023 176,812 1.00 9,818 1,964
khabat 304 10,799 | 307,816 169,299 1.00 10,799 2,160
khabat 306 5,904 309,908 99,171 0.32 1,889 378
Dargazen 202 1,968 109,697 109,697 1.00 1,968 394
Sarshagam 302 7,855 208,513 112,597 0.54 4241 848
Sarshagam 310 7,314 725,291 398,910 1.00 7,314 1,463
Waluba 326 12,148 | 628,361 62,836 0.20 2,430 486
Total Flow | 15,672

a; ONA = Optimized nominated area, b ;Pop. = Population, c; F= Fraction of Area of Flow/Total area,
d; Q., = Average Daily Flow
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Table (A.8h): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line H,

(Researcher)

c Pop. of d

a . L. b Area Area of F O
ONA® | District Names Pop. m? Flow, m’ % llil&v; m/d

OH1 | Kwra Kazhaw 325 3,639 | 1,040,209 859,620 0.83 3,007 601
Dilan City 1, 2 1,098

Asaish 323 2,610 333,978 333,978 1.00 2,610 522

Kani Shakraw 317 3,181 533,427 533,427 1.00 3,181 636

Danya City 704
Total Flow | 3,561

OH2 | Hiwa 311 4,870 934,258 344,374 1.00 4,870 974
Pari 315 6,074 522,765 405,991 1.00 6,074 1,215

Kwra Kazhaw 325 3,639 | 1,040,209 176,836 0.17 619 124
Sana 313 8,650 835,642 835,642 0.75 6,488 1,298
Total Flow | 3,611

OH3 | Chia 316 4,904 572,582 343,549 0.60 2,943 589
Kani Ba 318 6,861 662,669 662,669 1.00 6,861 1,372
Total Flow | 1,960

Table (A.8i): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line I,

(Researcher)

I b Area Area of o Pop. of 0"
ONA" | District Names Pop. m? Flow, m F* % Flow Area | m/d
OI1 | Rozh Halat 309 8,041 524,674 | 419,739 1.00 8,041 1,608

Kaziwa 234 6,147 | 1,426,241 | 356,560 0.25 1,537 307

Rozh Halat 305 | 13,904 | 553,189 | 553,189 1.00 13,904 2,781
Total Flow | 4,696

OI2 | Khabat 306 5,904 309,908 | 210,738 0.68 4,015 803
Zmnako 308 10,867 | 387,546 | 213,150 0.55 5,977 1,195
Tanjaro 314 19,673 | 601,360 182,000 0.51 10,033 2,007
Total Flow | 4,005

a; ONA = Optimized nominated area, b ;Pop. = Population, c; F= Fraction of Area of Flow/Total area,

d; Q. = Average Daily Flow
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Table (A. 8i)

a | rve o s b Area Area of . Pop. of Y
ONA" | District Names Pop. m? Flow, m’ F* % Flowp Area 1?13 /d
OI3 | Chia 316 4,904 572,582 | 229,033 0.40 1,962 392

Nawroz 320 6,870 640,593 108,901 0.24 1,649 330
Balambo 324 8,389 316,216 18,973 0.16 1,342 268
Shoqagani 1,738 693,732 173,433 0.25 435 87
Yakgrtw 332
Total Flow | 1,078

Table (A.8)j): Available Flow (Q,, ) at Optimized Nominated Areas of Sewer Line J,,

(Researcher)

c Pop. of d

a e . b Area Area of F -
ONA" | District Names Pop. m? Flow, m? % Flow 1%3 /d

Area

0J1 | Sardam City 308
Nawzad City 3,850
Mwkryan 701 8,430 | 1,119,706 | 1,119,706 | 1.00 8,430 1,686

Aso 703 4,226 609,455 609,455 1.00 | 4,226 845

Gwndi Qrga 329 2,354 229,791 229,791 1.00 | 2,354 471
Mardin 327 5,944 | 1,134,155 737,200 1.00 5,944 1,189

Gwndi Qrga 331 2,527 415,322 415,322 1.00 | 2,527 505

Srwsht 333 7,017 | 1,028,788 | 1,028,788 | 1.00 7,017 1,403
Total Flow | 10,258

0J2 | Sana 313 8,650 835,642 208,910 0.25 2,163 433
Kani Ba 318 6,861 662,669 298,201 0.45 3,087 617
Gwlabakh 335 4,565 669,087 669,087 1.00 | 4,565 913
Khastakhanai 6,481 | 4,829,240 | 4,829,240 | 1.00 6,481 1,296

Shorsh 334

Shary Spy 402

Shary Pzishkan 624
T|0tal Flow | 4,286

a; ONA = Optimized nominated area, b ;Pop. = Population, c; F= Fraction of Area of Flow/Total area,
d; Q,, = Average Daily Flow
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Table (A.9): Available Flow (Q,,) of Residential Complexes in the Study Area,

(Researcher)
. No. of No. of No. of Flow
No. City Name Buildings Flats Capita m’/d
1 | Barzaiakani Slemani(houses) 2,000 - 11,000 2,200
2 | Rozh City 84 1,008 5,040 807
3 | Baharan 21 114 570 91.2
4 | Pak City 15 840 4,200 672
5 | Nawroz City 4 192 960 153.6
6 | Dream Land 8 408 2,040 3264
7 | Darwaza City 1 (Houses) 300 - 1,650 330
8 | Darwaza City 2 23 1,081 5,405 865
9 | Darwaza City 3 8 640 3,200 512
10 | Gardin City 18 828 4,140 662.4
11 | Chwar Chrai new (houses) 500 - 2,750 550
12 | Gundi Allmany 1(House) 480 - 2,640 528
13 | Gundi Allmany 2 - 424 2,120 422
14 | Gundi Allmany 3 - 1,202 6,010 339
15 | Shary Daik 50 456 2,280 962
16 | Goizha City 1 9 432 2,160 345.6
Goizha City 2 12 576 2,880 460.8
Goizha City 3 11 792 3960 633.6
17 | Diya City 13 364 1820 291.2
Diya City - Houses 480 - 2640 331.1
18 | Kurd City 1 301 1,655 331.1
Kurd City 2 960 4,800 960
19 | Lubnan City (houses) 624 - 3,120 624
20 | Saib City 25 7 1,480 236.8
21 | Dilan City 1 25 700 3,500 560
Dilan City 2 55 672 3,360 537.6
22 | Danya City 6 720 3,600 704
2 160 800
23 | Sardam City(Houses) 280 - 1,540 308
24 | Gulli Shar 52 624 3,120 499.2
25 | Green City (houses) 500 - 2,750 550
26 | Nawzad City (houses) 3,500 - 19,250 3,850
27 | Shary Spy 19 228 1,140 182
28 | Shary Spy (Houses) 200 - 1,100 220
29 | Shary Pzishkan 15 780 3,900 624
30 | Shari Roshinbiran 24 338 1,690 270.4
31 | Jaff Towers (2 Towers) 2,000 272 1,360 217.6
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Table (A. 10): Water Demand of Irrigation (Qq) of the Green Areas (GRs),

(Researcher)
GR?* Area, m’ Qq, m’/d GR?* Area, m’ Qq, m’/d
GR1 3,563 35.6 GR41 1,495 14.9
GR2 993 9.9 GR42 250 2.5
GR3 11,667 116.7 GR43 403 4.0
GR4 4313 43.1 GR44 657 6.6
GR5 10,164 101.6 GR45 877 8.8
GR6 788 7.9 GR46 783 7.8
GR7 7,745 77.4 GR47 528 53
GRS 629 6.3 GR48 130 1.3
GR9 1,793 17.9 GR49 90 0.9
GR10 1,131 11.3 GR50 99 1.0
GRI11 839 8.4 GR51 2,314 23.1
GRI12 446 4.5 GR52 2,016 20.2
GR13 1,348 13.5 GR53 359 3.6
GR14 4,274 42.7 GR54 773 7.7
GR15 625 6.2 GR55 495 4.9
GR16 3,863 38.6 GR56 1,199 12.0
GR17 4,150 41.5 GR57 975 9.7
GR18 3,028 30.3 GR58 840 8.4
GR19 4,043 40.4 GR59 132 1.3
GR20 1,295 13.0 GR60 3,509 35.1
GR21 417 4.2 GR61 3,777 37.8
GR22 1,574 15.7 GR62 602 6.0
GR23 5,199 52.0 GR63 18,402 184.0
GR24 3,961 39.6 GR64 547 5.5
GR25 14,918 149.2 GR65 1,057 10.6
GR26 1,084 10.8 GR66 3,774 37.7
GR27 807 8.1 GR67 978 9.8
GR28 6,453 64.5 GR68 4,540 45.4
GR29 1,466 14.7 GR69 607 6.1
GR30 2,446 24.5 GR70 12,688 126.9
GR31 5,427 54.3 GR71 1,659 16.6
GR32 718 7.2 GR72 695 6.9
GR33 287 2.9 GR73 1,203 12.0
GR34 178 1.8 GR74 716 7.2
GR35 13,598 136.0 GR75 1,762 17.6
GR36 1,191 11.9 GR76 1,635 16.4
GR37 795 8.0 GR77 585 5.8
GR38 3,262 32.6 GR78 3,668 36.7
GR39 502 5.0 GA79 379 3.8
GR40 581 5.8 GAS80 1,521 15.2

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m’ Qg, m’/d GR* Area, m’ Qg, m’/d
GRS81 349 3.5 GR121 10,058 100.6
GR&2 230 2.3 GR122 2,856 28.6
GR&3 405 4.1 GR123 1,083 10.8
GR8&4 299 3.0 GR124 3,095 30.9
GR&5 798 8.0 GR125 786 7.9
GR86 2,812 28.1 GR126 651 6.5
GR&7 613 6.1 GR127 1,522 15.2
GRS8 51,767 517.7 GR128 758 7.6
GRS&9 4,852 48.5 GR129 2,933 29.3
GR90 2,659 26.6 GR130 419 4.2
GRI1 940 9.4 GR131 9,045 90.5
GR92 1,052 10.5 GR132 741 7.4
GR93 1,434 14.3 GR133 5,014 50.1
GR94 746 7.5 GR134 1,514 15.1
GR95 3,318 33.2 GR135 1,408 14.1
GR96 1,464 14.6 GR136 304 3.0
GR97 88 0.9 GR137 8,861 88.6
GRI98 208 2.1 GR138 321 3.2
GR99 158 1.6 GR139 961 9.6
GR100 371 3.7 GR140 2,903 29.0
GR101 169 1.7 GR141 448 4.5
GR102 1,437 14.4 GR142 2,939 294
GR103 2,382 23.8 GR143 1,543 154
GR104 416 4.2 GR144 3,721 37.2
GR105 2,996 30.0 GR145 1,325 13.3
GR106 1,360 13.6 GR146 1,116 11.2
GR107 2,338 23.4 GR147 73 0.7
GR108 8,431 84.3 GR148 13,034 130.3
GR109 1,659 16.6 GR149 2,438 24.4
GR110 1,094 10.9 GR150 8,416 84.2

GRI111 626 6.3 GR151 2,344 234
GRI112 126 1.3 GR152 1,919 19.2
GR113 1,151 11.5 GR153 917 9.2

GR114 345 3.5 GR154 1,557 15.6
GR115 524 5.2 GR155 433 4.3

GR116 5,654 56.5 GR156 9,559 95.6
GRI117 40 0.4 GR157 5,398 54.0
GR118 133 1.3 GR158 10,782 107.8
GRI119 3,888 38.9 GR159 4,422 44 .2
GR120 930 9.3 GR160 878 8.8

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m’ Qg, m’/d GR* Area, m’ Qg, m’/d
GR161 111 1.1 GR201 67 0.7
GR162 1,810 18.1 GR202 3,278 32.8
GR163 802 8.0 GR203 38,464 384.6
GR164 930 9.3 GR204 19,027 190.3
GR165 830 8.3 GR205 2911 29.1
GR166 298 3.0 GR206 531 5.3
GR167 287 2.9 GR207 2,216 22.2
GR168 627 6.3 GR208 10,642 106.4
GR169 664 6.6 GR209 59 0.6
GR170 1,461 14.6 GR210 5,453 54.5
GR171 412 4.1 GR211 1,771 17.7
GR172 2,123 21.2 GR212 189 1.9
GR173 88 0.9 GR213 573 5.7
GR174 4,146 41.5 GR214 3,886 38.9
GR175 449 4.5 GR215 1,670 16.7
GR176 4,490 44.9 GR216 1,294 12.9
GR177 208 2.1 GR217 661 6.6
GR178 146 1.5 GR218 7,023 70.2
GR179 2,676 26.8 GR219 649 6.5
GR180 1,097 11.0 GR220 1,735 17.3
GR181 761 7.6 GR221 474 4.7
GR182 403 4.0 GR222 3,738 374
GR183 345 34 GR223 1,770 17.7
GR184 1,850 18.5 GR224 1,021 10.2
GR185 4,581 45.8 GR225 5,258 52.6
GR186 1,586 15.9 GR226 40,939 409.4
GRI187 470 4.7 GR227 2,385 23.9
GR188 1,787 17.9 GR228 6,210 62.1
GR189 1,664 16.6 GR229 1,894 18.9
GR190 815 8.1 GR230 3,766 37.7
GR191 1,109 11.1 GR231 4,206 42.1
GR192 1,420 14.2 GR232 1,235 12.4
GR193 1,759 17.6 GR233 2,026 20.3
GR19%4 188 1.9 GR234 3,491 34.9
GR195 156 1.6 GR235 754 7.5
GR196 335 34 GR236 310 3.1
GR197 181 1.8 GR237 1,628 16.3
GR198 48 0.5 GR238 3,291 32.9
GR199 154 1.5 GR239 2,012 20.1
GR200 1,811 18.1 GR240 1,910 19.1

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m’ Qg, m’/d GR* Area, m Qg, m’/d
GR241 1,711 17.1 GR281 4,066 40.7
GR242 767 7.7 GR282 7,059 70.6
GR243 916 9.2 GR283 8,840 88.4
GR244 2,492 24.9 GR284 3,837 38.4
GR245 2,320 23.2 GR285 2,322 23.2
GR246 939 9.4 GR286 3,498 35.0
GR247 620 6.2 GR287 6,540 65.4
GR248 663 6.6 GR288 1,812 18.1
GR249 1,958 19.6 GR289 453 4.5
GR250 2,041 20.4 GR290 34214 342.1
GR251 512 5.1 GR291 2,266 22.7
GR252 9,121 91.2 GR292 3,380 33.8
GR253 2,041 20.4 GR293 4,467 44.7
GR254 4,432 443 GR294 8,607 86.1
GR255 915 9.1 GR295 1,410 14.1
GR256 34,742 347.4 GR296 19,135 191.4
GR257 5,217 52.2 GR297 410 4.1
GR258 16,569 165.7 GR298 4,441 44.4
GR259 10,233 102.3 GR299 11,410 114.1
GR260 375 3.7 GR300 364 3.6
GR261 2,978 29.8 GR301 952 9.5
GR262 10,072 100.7 GR302 733 7.3
GR263 1,041 10.4 GR303 735 7.3
GR264 1,111 11.1 GR304 2,458 24.6
GR265 4,575 45.8 GR305 1,864 18.6
GR266 28,335 283.4 GR306 801 8.0
GR267 496 5.0 GR307 7,416 74.2
GR268 2,878 28.8 GR308 1,691 16.9
GR269 763 7.6 GR309 2,554 25.5
GR270 3,260 32.6 GR310 2,440 24.4
GR271 3,111 31.1 GR311 6,797 68.0
GR272 92 0.9 GR312 4,415 44.1
GR273 1,718 17.2 GR313 266 2.7
GR274 264 2.6 GR314 4,600 46.0
GR275 406 4.1 GR315 9,054 90.5
GR276 6,955 69.6 GR316 2,028 20.3
GR277 593 5.9 GR317 2,030 20.3
GR278 566 5.7 GR318 672 6.7
GR279 1,491 14.9 GR319 577 5.8
GR280 3,310 33.1 GR320 105 1.0

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m Qg, m’/d GR* Area, m Qg, m’/d
GR321 86 0.9 GR361 67 0.7
GR322 85 0.8 GR362 80 0.8
GR323 297 3.0 GR363 979 9.8
GR324 176 1.8 GR364 3,676 36.8
GR325 285 2.9 GR365 935 9.3
GR326 192 1.9 GR366 596 6.0
GR327 60 0.6 GR367 540 5.4
GR328 512 5.1 GR368 2,187 21.9
GR329 399 4.0 GR369 2,324 23.2
GR330 156 1.6 GR370 3,234 323
GR331 62 0.6 GR371 8,843 88.4
GR332 320 3.2 GR372 9,237 92.4
GR333 332 3.3 GR373 1,667 16.7
GR334 1,466 14.7 GR374 1,512 15.1
GR335 3,654 36.5 GR375 28,382 283.8
GR336 143 1.4 GR376 1,366 13.7
GR337 3,333 33.3 GR377 3,105 31.0
GR338 495 4.9 GR378 1,519 15.2
GR339 526 5.3 GR379 1,168 11.7
GR340 2,382 23.8 GR380 2,474 24.7
GR341 1,064 10.6 GR381 2,558 25.6
GR342 395 3.9 GR382 1,866 18.7
GR343 17,376 173.8 GR383 8,998 90.0
GR344 8,635 86.4 GR384 1,335 13.4
GR345 5,901 59.0 GR385 599 6.0
GR346 31,331 313.3 GR386 1,394 13.9
GR347 831 8.3 GR387 642 6.4
GR348 10,756 107.6 GR388 4,251 42.5
GR349 3,812 38.1 GR389 2,098 21.0
GR350 21,423 214.2 GR390 1,565 15.6
GR351 14,042 140.4 GR391 8,369 83.7
GR352 7,690 76.9 GR392 1,493 14.9
GR353 847 8.5 GR393 6,066 60.7
GR354 6,399 64.0 GR394 228 2.3
GR355 426 4.3 GR395 2,581 25.8
GR356 6 0.1 GR396 798 8.0
GR357 12 0.1 GR397 4,929 49.3
GR358 19 0.2 GR398 361 3.6
GR359 35 0.3 GR399 2,679 26.8
GR360 243 2.4 GR400 171 1.7

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m’ Qg, m’/d GR* Area, m Qg, m’/d
GR401 1,547 15.5 GR441 1,050 10.5
GR402 450 4.5 GR442 3,602 36.0
GR403 1,000 10.0 GR443 1,470 14.7
GR404 6,133 61.3 GR444 913 9.1
GR405 715 7.1 GR445 4,537 45.4
GR406 2,003 20.0 GR446 5,837 58.4
GR407 2,193 21.9 GR447 3,345 334
GR408 3,123 31.2 GR448 1,581 15.8
GR409 1,340 13.4 GR449 2,630 26.3
GR410 1,243 12.4 GR450 1,363 13.6
GR411 7,170 71.7 GR451 5,039 50.4
GR412 5,251 52.5 GR452 1,063 10.6
GR413 13,073 130.7 GRA453 3,161 31.6
GR414 3,015 30.1 GR454 2,273 22.7
GR415 2,787 27.9 GR455 5,394 53.9
GR416 2,210 22.1 GR456 2,988 29.9
GR417 6,685 66.8 GR457 4,896 49.0
GR418 2,374 23.7 GR458 320 3.2
GR419 8,738 87.4 GR459 416 4.2
GR420 5,358 53.6 GR460 286 2.9
GR421 39,859 398.6 GR461 355 3.5
GR422 26,262 262.6 GR462 2,310 23.1
GR423 8,780 87.8 GR463 3,432 343
GR424 16,458 164.6 GR464 2,384 23.8
GR425 17.3 0.173 GR465 3,468 34.7
GR426 56.22 0.562 GR466 2,829 28.3
GR427 54 0.054 GR467 441 4.4
GR428 15.7 0.157 GR468 15,329 153.3
GR429 32,667 326.7 GR469 233 2.3
GR430 36,840 368.4 GR470 2,545 25.5
GR431 61,246 612.5 GR471 4,202 42.0
GR432 18.9 0.189 GR472 1,732 17.3
GR433 29.02 0.29 GRA473 211 2.1
GR434 20,841 208.4 GR474 3,658 36.6
GR435 16,681 166.8 GR475 1,047 10.5
GR436 11,323 113.2 GR476 3,522 35.2
GR437 9,419 94.2 GR477 378 3.8
GR438 2,142 21.4 GR478 206 2.1
GR439 2,983 29.8 GR479 466 4.7
GR440 2,543 25.4 GR480 1,143 11.4

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m’ Qg, m’/d GR* Area, m Qg, m’/d
GR481 1,401 14.0 GR521 1,247 12.5
GR482 607 6.1 GR522 1,600 16.0
GRA483 7,910 79.1 GR523 1,704 17.0
GR484 1,109 11.1 GR524 1,423 14.2
GR485 787 7.9 GR525 558 5.6
GR486 3,135 31.3 GR526 8,718 87.2
GR487 1,025 10.3 GR527 6,524 65.2
GR488 1,004 10.0 GR528 2,224 22.2
GR489 96 1.0 GR529 18,820 188.2
GR490 147 1.5 GR530 3,236 324
GR491 291,482 1,457.4 GR531 7,329 73.3
GR492 1,994 19.9 GR532 4,751 47.5
GR493 48,017 480.2 GR533 1,680 16.8
GR494 2,987 29.9 GR534 3,309 33.1
GR495 301 3.0 GR535 1,450 14.5
GR496 991 9.9 GR536 6,036 60.4
GR497 979 9.8 GR537 7,820 78.2
GR498 408 4.1 GR538 1,960 19.6
GR499 439 4.4 GR539 2,870 28.7
GR500 2,250 22.5 GR540 1,268 12.7
GR501 1,035 10.3 GR541 788 7.9
GR502 1,489 14.9 GR542 893 8.9
GR503 1,758 17.6 GR543 1,681 16.8
GR504 2,111 21.1 GR544 3,053 30.5
GR505 6,338 63.4 GR545 1,364 13.6
GR506 1,645 16.4 GR546 3,128 31.3
GR507 877 8.8 GR547 3,555 35.5
GR508 1,896 19.0 GR548 10,521 105.2
GR509 803 8.0 GR549 17,966 179.7
GR510 423 4.2 GR550 4,013 40.1
GRS511 1,743 17.4 GR551 1,622 16.2
GR512 217 2.2 GR552 427 4.3
GR513 491 4.9 GR553 521 5.2
GR514 169 1.7 GR554 1,760 17.6
GRS515 1,662 16.6 GR555 18,084 180.8
GR516 1,730 17.3 GR556 32.11 0.321
GR517 168 1.7 GR557 20,460 204.6
GRS518 1,902 19.0 GR558 11,343 113.4
GR519 5,876 58.8 GR559 19,690 196.9
GR520 4,357 43.6 GR560 16,430 164.3

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m’ Qg, m’/d GR* Area, m Qg, m’/d
GR561 385 3.9 GR601 15,272 152.7
GR562 888 8.9 GR602 12,697 127.0
GR563 1,125 11.2 GR603 2,864 28.6
GR564 9,707 97.1 GR604 3,373 33.7
GR565 1,897 19.0 GR605 8,129 81.3
GR566 607 6.1 GR606 1,106 11.1
GR567 1,770 17.7 GR607 592 5.9
GR568 660 6.6 GR608 9,106 91.1
GR569 15,641 156.4 GR609 948 9.5
GR570 594 5.9 GR610 2,637 26.4
GR571 937 9.4 GR611 9,773 97.7
GR572 2,097 21.0 GR612 2,131 21.3
GR573 135 1.4 GR613 881 8.8
GR574 1,351 13.5 GR614 1,755 17.5
GR575 1,125 11.2 GR615 4918 49.2
GR576 865 8.6 GR616 724 7.2
GR577 834 8.3 GR617 256 2.6
GR578 115 1.2 GR618 213 2.1
GR579 2,708 27.1 GR619 489 4.9
GR580 822 8.2 GR620 476 4.8
GR581 7,221 72.2 GR621 2,616 26.2
GR582 1,972 19.7 GR622 1,066 10.7
GR583 532 5.3 GR623 1,867 18.7
GR584 1,545 15.5 GR624 2,018 20.2
GR585 3,302 33.0 GR625 7,166 71.7
GR586 308 3.1 GR626 4,625 46.2
GR587 472 4.7 GR627 2,835 28.4
GR588 4,585 45.8 GR628 1,455 14.5
GR589 983 9.8 GR629 12,298 123.0
GR590 1,411 14.1 GR630 7,088 70.9
GR591 2,126 21.3 GR631 23,355 233.6
GR592 626 6.3 GR632 1,489 14.9
GR593 4,869 48.7 GR633 5,762 57.6
GR59%4 60,800 608.0 GR634 652 6.5
GR595 9,742 97.4 GR635 24.6 0.246
GR596 19,285 192.9 GR636 3,999 40.0
GR597 1,559 15.6 GR637 1,368 13.7
GR598 5,394 53.9 GR638 2,494 24.9
GR599 4,346 43.5 GR639 11,415 114.1
GR600 141,713 708.6 GR640 976 9.8

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m Qg, m’/d GR* Area, m’ Qg, m’/d
GR641 332 3.3 GR681 3,592 359
GR642 9,853 98.5 GR682 1,970 19.7
GR643 5,063 50.6 GR683 1,020 10.2
GR644 2,285 22.9 GR684 765 7.7
GR645 8,340 83.4 GR685 15,651 156.5
GR646 273 2.7 GR686 8,109 81.1
GR647 1,018 10.2 GR687 1,521 15.2
GR648 25,895 259.0 GR688 1,284 12.8
GR649 447 4.5 GR689 4,491 44.9
GR650 2,114 21.1 GR690 7,328 73.3
GR651 186 1.9 GR691 13,388 133.9
GR652 4,144 41.4 GR692 1,283 12.8
GR653 1,231 12.3 GR693 5,548 55.5
GR654 7,951 79.5 GR694 2,314 23.1
GR655 362 3.6 GR695 1,335 13.4
GR656 2,637 26.4 GR696 4,878 48.8
GR657 501 5.0 GR697 581 5.8
GR658 358 3.6 GR698 2,133 21.3
GR659 1,697 17.0 GR699 1,409 14.1
GR660 1,206 12.1 GR700 1,216 12.2
GR661 14.35 0.144 GR701 531 5.3
GR662 507 5.1 GR702 1,720 17.2
GR663 10,247 102.5 GR703 5,935 59.3
GR664 3,402 34.0 GR704 3,527 35.3
GR665 2,262 22.6 GR705 2,838 28.4
GR666 1,755 17.6 GR706 1,294 12.9
GR667 3,500 35.0 GR707 1,111 11.1
GR668 5,250 52.5 GR708 1,926 19.3
GR669 5,012 50.1 GR709 9,209 92.1
GR670 29,171 291.7 GR710 127,155 1,271.6
GR671 19,529 195.3 GR711 10,511 105.1
GR672 12,186 121.9 GR712 33,338 3334
GR673 1,085 10.8 GR713 483,925 1,451.8
GR674 4,089 40.9 GR714 5,389 53.9
GR675 695 7.0 GR715 2,364 23.6
GR676 9,141 91.4 GR716 3,325 333
GR677 8,056 80.6 GR717 23,013 230.1
GR678 5,462 54.6 GR718 3,341 334
GR679 1,216 12.2 GR719 12,366 123.7
GR680 1,831 18.3 GR720 4,017 40.2

a:GR = Green Areas;

(A-43)




APPENDIX A

Table (A. 10)

GR* Area, m’ Qg, m’/d GR* Area, m Qg, m’/d
GR721 20,207 202.1 GR761 1,955 19.6
GR722 15,256 152.6 GR762 3,719 37.2
GR723 19,803 198.0 GR763 2,521 25.2
GR724 103,770 1,037.7 GR764 672 6.7
GR725 11,427 114.3 GR765 2,321 23.2
GR726 11,332 113.3 GR766 8,867 88.7
GR727 23,069 230.7 GR767 11,115 111.2
GR728 23,288 232.9 GR768 4,857 48.6
GR729 32,692 326.9 GR769 3,290 32.9
GR730 10,504 105.0 GR770 10,003 100.0
GR731 23,986 239.9 GR771 3 0.0
GR732 817,060 1,634.1 GR772 4 0.0
GR733 1,046,606 1,569.9 GR773 44,308 443.1
GR734 4,061 40.6 GR774 3 0.0
GR735 1,367 13.7 GR775 10,025 100.3
GR736 2,599 26.0 GR776 9,184 91.8
GR737 2,039 20.4 GR777 685 6.8
GR738 3,215 32.1 GR778 4,533 45.3
GR739 1,579 15.8 GR779 6,777 67.8
GR740 2,376 23.8 GR780 3,881 38.8
GR741 6,884 68.8 GR781 3,603 36.0
GR742 29,707 297.1 GR782 1,192 11.9
GR743 7,385 73.8 GR783 4,680 46.8
GR744 1,183 11.8 GR784 2,467 24.7
GR745 1,196 12.0 GR785 1,879 18.8
GR746 463 4.6 GR786 3,273 32.7
GR747 1,503 15.0 GR787 8,188 81.9
GR748 703 7.0 GR788 2,649 26.5
GR749 968 9.7 GR789 3,567 35.7
GR750 2,813 28.1 GR790 8,221 82.2
GR751 1,116 11.2 GR791 14,358 143.6
GR752 1,078 10.8 GR792 1,323 13.2
GR753 1,197 12.0 GR793 8,468 84.7
GR754 6,212 62.1 GR794 1,607 16.1
GR755 895 9.0 GR795 2,895 29.0
GR756 560 5.6 GR796 1,136 11.4
GR757 694 6.9 GR797 2,181 21.8
GR758 5,221 52.2 GR798 2,249 22.5
GR759 4,554 45.5 GR799 2,400 24.0
GR760 10,436 104.4 GRS800 2,935 29.4

a:GR = Green Areas;
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Table (A. 10)

GR* Area, m Qg, m’/d GR* Area, m Qg4 m'/d
GRS801 2,541 25.4 GRS8I15 7,361 73.6
GR8&02 706 7.1 GRS816 1,831 18.3
GR803 1,284 12.8 GRS817 2,088 20.9
GR804 1,411 14.1 GRS818 8,238 82.4
GR&805 883 8.8 GRS819 625 6.2
GR806 1,273 12.7 GRS820 1,746 17.5
GR807 361 3.6 GRS821 510 5.1
GRS808 246 2.5 GR822 4,178 41.8
GR809 995 9.9 GRS823 2,618 26.2
GRS10 156 1.6 GRS824 13,102 131.0
GRSI11 1,707 17.1 GRS825 791 7.9
GR&12 1,634 16.3 GR826 93,851 469.3
GRS813 1,073 10.7 GR827 26,505 132.5
GRS814 2,101 21.0

a:GR = Green Areas;

Pipe Cost Calculation Detail

The price list are taken from the market of 2014 as shown in table (A.11)

Table (A. 11): Price list of PE -100, SDR11. PN16, (Local Market)

Pipe Diameter , Unit Price Pipe Diameter , Unit Price
mm US$/m mm US$/m
20 0.55 200 7.90
25 0.75 225 9.50
32 0.85 250 10.50
40 1.25 280 11.90
50 1.45 315 13.70
63 1.75 355 16.45
75 2.25 400 19.20
90 2.35 450 22.75
110 4.40 500 26.90
125 4.90 560 32.50
140 5.40 600 39.80
160 5.90 700 49.20

180 6.90
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To find the parameters m and K,, of Equation (4.15) the best fit equation is
found using data of table (A.11) as shown below :

i
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Fig. (A.1): The Best Fit Equation of the Pipe Cost Equation, (Researcher)

Table (A. 12) : Results of the GIS — OD Network Matrix Analysis, , (Researcher)

From ONA® | To GR” | Length,m | From ONA® | To GR" | Length, m
OAl GR 411 501 OA1l GR 416 615
OAl GR 568 122 OA1l GR 216 747
OAl GR 228 187 OA1l GR 531 807
OAl GR 214 320 OBl GR 657 545
OAl GR 693 391 OBl GR 223 545
OAl GR 694 316 OBl GR 391 694
OAl GR 717 393 OBl GR 265 706
OAl GR 695 360 OBI GR 252 724
OAl GR 541 409 OBI GR 297 766
OAl GR 696 504 OBl GR 696 781
OAl GR 692 526 OBl GR 566 820
OAl GR 758 705 OBl GR 536 824
OAl GR 252 752 OBl GR 375 862
OAl GR 537 806 OBI GR 226 976
OAl GR 416 998 OBI GR 225 976

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 12)

From ONA® | To GR” | Length,m | From ONA®* | To GR" Length , m
OBl GR 659 990 0OCl1 GR 690 500
OB2 GR 250 146 OCl1 GR 543 462
OB2 GR 251 197 0OCl1 GR 398 476
OB2 GR 248 355 0Cl1 GR 403 561
OB2 GR 221 649 0]} GR 777 597
OB2 GR 766 701 0OCl1 GR 409 601
OB2 GR 633 889 OCl1 GR 39 632
OB2 GR 634 994 0OCl1 GR 40 659
OB2 GR 35 605 0OCl1 GR703 684
OB2 GR312 686 0OCl1 GR171 698
OB2 GR705 576 0OCl1 GR691 703
OB3 GR345 50 0OCl1 GR375 721
OB3 GR143 154 0OCl1 GR226 800
OB3 GR732 382 0OCl1 GR225 800
OB3 GR 478 461 0OCl1 GR79%4 726
OB3 GR 344 522 0OCl1 GR352 758
OB3 GR 754 860 0]} GR448 774
OB3 GR 289 965 0OCl1 GR150 786
OB4 GR 733 148 OCl1 GR719 786
OB4 GR 586 349 0OCl1 GR589 810
OB4 GR 592 443 0OCl1 GR236 845
OB4 GR 593 604 0OCl1 GR590 887
OB4 GR 346 606 OCl1 GR702 892
OB4 GR 249 812 0OCl1 GR566 913
OB4 GR 63 957 OCl1 GR395 929
0OCl1 GRS812 132 0C2 GR 7 612
0OCl1 GR311 179 0C2 GR763 648
0OCl1 GR 614 209 0C2 GR309 831
0OCl1 GR 629 420 0C2 GR 70 863
0OCl1 GR 253 254 0C2 GR 88 77
0OCl1 GR 615 254 0C2 GR137 197
0OCl1 GR 392 286 0C2 GR149 272
0OCl1 GR 222 412 0C2 GR483 388
0OCl1 GR 728 394 0C2 GR484 377
0OCl1 GR 217 351 0C2 GR437 143
0OCl1 GR 84 361 0C2 GR148 420
0OCl1 GR616 402 0C2 GR765 140
0OCl1 GR351 452 0C2 GR764 99

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 12)

From ONA® | To GR” | Length,m | From ONA®* | To GR" Length , m
0C2 GR 37 698 0C4 GR 675 765
0C2 GR 28 472 0C4 GR 676 765
0C2 GR 85 276 0C4 GR 720 810
0C2 GR370 461 0C4 GR 738 810
0C3 GR763 12 0C4 GR 601 821
0C3 GR309 170 0C4 GR 372 827
0C3 GR 7 370 0C4 GR 156 832
0C3 GRS85 276 0OC4 GR 36 903
0C3 GR370 444 0C4 GR291 971
0C3 GR 70 546 0C4 GR 25 997
0C3 GR765 521 OD1 GR372 318
0C3 GR764 562 OD1 GR586 384
0C3 GR739 620 OD1 GR592 478
0C3 GR 28 635 OD1 GR738 492
0C3 GR 5 691 OD1 GR593 638
0C3 GR37 698 OD1 GR346 640
0C3 GRI1 737 OD1 GR675 655
0C3 GR762 760 OD1 GR 63 668
0C3 GR 4 762 OD1 GR371 706
0C3 GR92 792 OD1 GR720 751
0C3 GR484 811 OD1 GR676 763
0C3 GR438 867 OD1 GR647 764
0C3 GR451 981 OD1 GR733 787
0C3 GR439 875 OD1 GR249 847
0C3 GR483 890 OD1 GR290 917
0C3 GR149 900 OD1 GR291 912
0C3 GR501 967 OD1 GR157 913
0C3 GR 3 973 OD1 GR480 980
0C3 GR 368 986 OE1 GR722 104
0C4 GR 157 59 OE1 GR473 132
0C4 GR 158 498 OE1 GR539 221
0C4 GR 642 423 OE1 GR472 242
0C4 GR 647 429 OE1 GR726 248
0C4 GR 480 556 OE1 GR605 399
0C4 GR 648 674 OE1 GR606 328
0C4 GR 290 705 OE1 GR531 349
0C4 GR 481 694 OE1 GR609 449
0C4 GR 63 727 OE1 GR727 397
0C4 GR371 765 OEl1 GR613 405

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 12)

From ONA® | To GR" | Length,m | From ONA® | To GR" Length , m
OEl GR 800 426 OE2 GR 71 781
OEl1 GR 379 441 OE2 GR430 991
OEl1 GR 611 464 OE2 GR673 873
OFE1 GR 364 469 OE2 GR242 907
OFE1 GR 383 522 OE2 GR212 907
OEl GR 540 528 OE2 GRI151 935
OEl1 GR 610 578 OE2 GRI1 942
OEl1 GR 378 626 OE2 GR 255 948
OEl GR 380 683 OE2 GR 52 952
OEl1 GR 26 688 OE2 GR 761 955
OFE1 GR220 697 OE2 GR 580 959
OEl GR 381 761 OE2 GR 59 983
OEl GR 803 785 OE3 GR307 92
OEl1 GR 608 807 OE3 GR656 348
OEl1 GR 455 838 OE3 GR343 641
OEl1 GR 382 872 OE3 GR 9 464
OFE1 GR 724 963 OE3 GR153 487
OEl GR 725 950 OE3 GR444 505
OEl1 GR 376 943 OE3 GR 8 525
OEl1 GR 377 964 OE3 GR21 561
OEl1 GR 292 880 OE3 GR430 987
OEl1 GR 293 880 OE3 GR387 640
OEl1 GR 723 952 OE3 GR 58 655
OEl GR 607 971 OE3 GR373 664
OEl1 GR 215 997 OE3 GR152 686
OE2 GR 187 19 OE3 GR749 725
OE2 GR 283 96 OE3 GR655 753
OE2 GR 452 45 OE3 GR 77 778
OE2 GR 453 114 OE3 GR300 785
OE2 GR 62 116 OE3 GR748 804
OE2 GR301 180 OE3 GR410 818
OE2 GR303 213 OE3 GRS811 825
OE2 GR188 237 OE3 GR456 904
OE2 GR491 338 OE3 GR267 910
OE2 GR 54 484 OE3 GR306 919
OE2 GR343 505 OE3 GR195 920
OE2 GR492 569 OE3 GRI151 925
OE2 GR767 695 OE3 GR 53 927
OE2 GR475 702 OE3 GR 78 931

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 12)

From ONA® | To GR” | Length,m | From ONA® |To GR" Length , m
OE3 GR 71 938 OES5 GR 770 647
OE3 GR 52 943 OES5 GR 649 764
OE3 GR299 948 OF1 GR 178 367
OE3 GR308 949 OF1 GR 299 537
OE3 GR713 63 OF1 GR 34 495
OE3 GR580 984 OF1 GR267 499
OE4 GR579 286 OF1 GR306 546
OE4 GR475 322 OF1 GR670 553
OE4 GR492 455 OF1 GR300 624
OE4 GR767 520 OF1 GR159 673
OFE4 GR476 535 OF1 GR654 747
OE4 GR673 599 OF1 GR713 747
OE4 GR431 655 OF1 GR710 765
OE4 GR 97 710 OF1 GR 58 876
OE4 GR429 729 OF1 GR749 946
OE4 GR477 750 OF1 GR655 975
OFE4 GR 1 767 OF2 GR670 391
OE4 GR577 775 OF2 GR159 493
OE4 GR580 784 OF2 GR 34 556
OE4 GR430 802 OF2 GR 19 687
OE4 GR 51 810 OF2 GR 98 658
OE4 GR 56 837 OF2 GR178 661
OE4 GR 53 841 OF2 GR496 727
OE4 GR2 842 OF2 GR497 729
OE4 GR347 884 OF2 GR525 784
OE4 GR453 910 OF2 GR160 809
OE4 GR189 926 OF2 GR199 849
OE4 GR748 963 OF2 GR 33 873
OE4 GR462 980 OF2 GR138 883
OES5 GR205 417 OF2 GR710 889
OES5 GR413 426 OF3 GR203 201
OES5 GR781 443 OF3 GR639 249
OES5 GR632 449 OF3 GR294 297
OES5 GR774 467 OF3 GR103 410
OES GR773 528 OF3 GR515 541
OES5 GR775 528 OF3 GR502 554
OES5 GR776 528 OF3 GR652 578
OES5 GR637 541 OF3 GR 31 586
OES5 GR630 576 OF3 GR523 587

a; ONA = Optimized Nominated Areas, b; GR = Green Areas

(A-50)




APPENDIX A

Table (A. 12)

From ONA® | To GR” | Length, m | From ONA® | To RGA" | Length, m
OF3 GR 454 606 OF4 GR 632 715
OF3 GR 519 616 OF4 GR 781 720
OF3 GR 102 659 OF4 GR 423 727
OF3 GR 206 702 OF4 GR 413 737
OF3 GR 423 708 OF4 GR 721 871
OF3 GR 384 741 OF4 GR 304 941
OF3 GR 304 761 OF4 GR 384 961
OF3 GR 500 777 0Gl GR 276 200
OF3 GR 721 791 0Gl GR 729 356
OF3 GR 353 798 0Gl GR 132 425
OF3 GR 394 811 0Gl GR 281 678
OF3 GR 107 950 0Gl GR 622 800
OF3 GR 355 964 0Gl GR 549 806
OF3 GR 576 812 0Gl GR 808 832
OF3 GR 524 819 0Gl GR 470 866
OF3 GR 575 838 0Gl GR 534 884
OF3 GR 517 913 0Gl GR 528 919
OF3 GR 495 915 0Gl GR 420 976
OF3 GR 354 920 0Gl GR 730 978
OF3 GR 200 921 0Gl GR 486 986
OF3 GR 561 925 0Gl GR 621 987
OF3 GR 196 959 0Gl GR 600 797
OF3 GR 516 990 0G2 GR 671 63
OF4 GR 652 284 0G2 GR 130 192
OF4 GR 649 399 0G2 GR 123 293
OF4 GR 636 412 0G2 GR 275 308
OF4 GR 650 459 0G2 GR 133 339
OF4 GR 542 507 0G2 GR 122 672
OF4 GR 529 512 0G2 GR 131 675
OF4 GR 770 516 0G2 GR 170 790
OF4 GR 782 571 0G2 GR 467 805
OF4 GR 630 588 0G2 GR 582 822
OF4 GR 801 594 0G2 GR 270 823
OF4 GR 639 613 0G3 GR 826 110
OF4 GR 637 622 0G3 GR 518 234
OF4 GR 773 636 0G3 GR 736 238
OF4 GR 774 696 0G3 GR 106 264
OF4 GR 651 698 0G3 GR 108 289
OF4 GR 638 712 0G3 GR 521 306

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 12)

From ONA® |To GR" | Length, m | From ONA® | To GR" Length , m
0G3 GR 520 325 OH1 GR 686 268
0G3 GR 751 334 OH1 GR 412 413
0G3 GR 105 343 OH1 GR 678 503
0G3 GR 109 448 OH1 GR 600 538
0G3 GR 507 474 OH1 GR 348 544
0G3 GR 499 506 OH1 GR 687 712
0G3 GR 362 510 OH1 GR 712 743
0G3 GR 100 513 OH1 GR 798 769
0G3 GR 361 515 OH1 GR 563 811
0G3 GR 99 541 OH1 GR 599 862
0G3 GR498 542 OH1 GR 796 882
0G3 GR173 607 OH1 GR 820 899
0G3 GR497 723 OH1 GR 760 943
0G3 GR496 725 OH1 GR 715 961
0G3 GR355 743 OH1 GR 627 931
0G3 GR107 752 OH1 GR 574 950
0G3 GR 19 815 OH2 GR 821 224
0G3 GR664 838 OH2 GR 526 590
0G3 GR663 866 OH2 GR 597 602
0G3 GR354 852 OH2 GR 786 609
0G3 GRS827 880 OH2 GR 598 737
0G3 GR516 969 OH2 GR 388 642
0G3 GR353 975 OH2 GR 665 708
0G4 GR109 486 OH2 GR 296 754
0G4 GR105 591 OH2 GR 683 767
0G4 GR108 645 OH2 GR 268 773
0G4 GR518 700 OH2 GR 287 789
0G4 GRS827 880 OH2 GR 810 834
0G4 GR203 971 OH2 GR 532 848
0G4 GR519 717 OH2 GR 286 873
0G4 GR174 719 OH2 GR 760 967
0G4 GR257 740 OH2 GR 715 951
0G4 GR258 789 OH2 GR 627 980
0G4 GR256 887 OH2 GR 527 1000
0G4 GR 80 959 OH2 GR 417 1000
0G4 GR 30 726 OH2 GR 596 1000
0G4 GR664 940 OH3 GR 532 85
0G4 GR102 971 OH3 GR 743 352
OH1 GR679 225 OH3 GR 261 556

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 12)

From ONA® | To GR” |Length,m |From ONA® | To GR” |Length, m
OH3 GR 286 577 OI2 GR 827 433
OH3 GR 821 623 OI2 GR 202 478
OH3 GR 685 644 0OI2 GR 258 583
OH3 GR 677 676 012 GR 663 656
OH3 GR 787 686 012 GR 257 693
OH3 GR 737 728 0OI2 GR 507 758
OH3 GR 668 761 OI2 GR 30 853
OH3 GR 667 809 0OI2 GR109 865
OH3 GR 349 914 0OI2 GR751 884
OH3 GR 263 775 0OI2 GR518 986
OH3 GR 665 841 012 GR108 957
OH3 GR 262 826 OI2 GR105 970
OH3 GR 269 857 013 GR 43 431
OH3 GR 526 860 013 GR506 613
OH3 GR 735 885 013 GR709 567
OH3 GR 407 894 013 GR262 661
OI1 GR 66 2 013 GR571 668
Oll1 GR177 73 013 GR743 756
Oll1 GR 65 132 013 GR263 711
Oll1 GR175 158 013 GR741 732
Oll1 GR 64 229 013 GR266 764
Oll1 GR268 421 013 GR572 783
Oll1 GR421 538 013 GR711 839
Oll1 GR407 854 013 GR202 884
Oll1 GR211 855 013 GR121 866
Oll1 GR176 873 013 GR256 888
Oll1 GR269 891 013 GR569 905
Oll1 GR287 779 013 GR 80 918
OI1 GR508 920 (O] K] GRS573 953
Oll1 GR662 970 0OlJ1 GR778 451
Oll1 GR535 991 0OlJ1 GR625 525
OI2 GR174 159 0OlJ1 GR624 579
OI2 GR711 279 0OlJ1 GR623 674
OI2 GR121 306 0OJ1 GR626 873
O12 GR266 809 ol1 GR595 986
OI2 GR709 887 0OlJ1 GR779 812
OI2 GR256 329 0OlJ1 GRS818 978
OI2 GR 80 359 0OJ1 GR59%4 994
OI2 GR664 379 0OJ1 GR792 997

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 12)

From ONA® | To GA" | Length,m | From ONA® | To GR"” |Length,m

0J2 GR 349 330 0J2 GR 231 726
0J2 GR 350 411 0J2 GR 598 984
0J2 GR 667 431 0J2 GR 597 987
0J2 GR 668 587 0J2 GR 626 985
0J2 GR 735 460 0J2 GR 595 991
0J2 GR 787 538 0J2 GR 779 675
0J2 GR 685 580

0J2 GR 548 606

a; ONA = Optimized Nominated Areas, b; GR = Green Areas

Table (A. 13) : Details of the Demand of the Grouping Green Areas, (Researcher)

G;‘:)l.lp From ONA * To GR" - Group Length , m Groull)nls)/gmand
1 OAl GR 411 501 72
2 OAl GR 717 393 230
3 OAl GR 693 391 55
4 OAl GR 758 705 52
5 OAl GR 252 752 91
6 OAl GR 228 187 62
7 OAl GR 537 807 78
1 OBl1 GR 391 694 84
2 OBl GR 536 824 61
3 OB1 GR 226 976 380
1 OB2 GR 35 686 136
2 OB2 GR 766 780 89
3 OB2 GR 633 889 58
4 OB2 GR 250 146 20

a;0NA =Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 13)

G;;::.lp From ONA * To GR " - Group Length , m Groull)ng)/gmand
1 OB3 GR 143 154 15
2 OB3 GR 732 382 1634
3 OB3 GR 344 522 86
1 OB4 GR733 148 1532
2 OB4 GR 63 957 38
3 OB4 GR346 606 177
1 OCl1 GR 311 220 68
2 OCl1 GR 629 420 123
3 OCl1 GR 691 800 134
4 OCl1 GR 222 412 37
5 OCl1 GR 728 394 233
6 OCl1 GR 719 786 124
7 OCl1 GR 226 800 30
8 OCl1 GR 150 786 84
8 OCl1 GR 351 452 140
10 OCl1 GR 703 684 59
1 0C2 GR 88 77 518
2 0C2 GR 28 472 65
3 0C2 GR370 461 12
1 0C3 GR370 444 20
2 0C3 GR 7 370 102
3 0C3 GR 5 691 102
4 0C3 GR 3 973 117
5 0C3 GR70 546 127
1 OC4 GR290 705 155
2 OC4 GR157 59 54
3 OC4 GR648 674 259
4 OC4 GR 25 997 149

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 13)

G;;::.lp From ONA * To GR " - Group Length , m Groull)ng)/gmand
5 OC4 GR 158 498 108
6 OC4 GR 63 763 67
1 ODl1 GR733 787 31
2 ODl1 GR290 917 188
3 OD1 GR346 640 137
4 OD1 GR 63 668 79
1 OEl GR722 104 153
2 OEl GR724 963 1038
3 OE1 GR605 449 81
4 OEl GR608 807 91
5 OEl GR383 522 90
6 OEl GR611 500 98
1 OE2 GR343 505 23
2 OE2 GR491 338 1458
3 OE2 GR767 695 88
4 OE2 GR283 96 88
1 OE3 GR343 641 152
2 OE3 GR430 987 325
3 OE3 GR713 63 1446
4 OE3 GR456 904 30
5 OE3 GR307 92 74
6 OE3 GR299 948 60
1 OE4 GR 431 655 613
2 OE4 GR 429 729 327
3 OE4 GR 430 802 36
4 OE4 GR 579 286 27
5 OE4 GR 767 520 23
1 OES5S GR 413 426 62
2 OES5S GR 773 528 443
1 OF1 GR 299 537 40.6
2 OF1 GR 713 747 544

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 13)

G;;::.lp From ONA * To GR " - Group Length , m Groull)ng)/gmand
1 OF2 GR 19 687 40
2 OF2 GR159 493 44
3 OF2 GR670 391 292
1 OF3 GR 31 700 55
2 OF3 GR294 553 87
3 OF3 GR203 201 26
4 OF3 GR639 583 51
5 OF3 GR423 708 48
6 OF3 GR519 616 24
7 OF3 GR103 786 25
8 OF3 GR354 920 22
1 OF4 GR423 727 40
2 OF4 GR639 700 64
3 OF4 GR721 871 202
4 OF4 GR529 512 188
5 OF4 GR413 737 68
1 0G1 GR 729 356 327
2 0G1 GR 281 678 41
3 0G1 GR 730 978 105
4 0G1 GR 549 806 180
5 0G1 GR 600 797 639
1 0G2 GR 671 63 195
2 0G2 GR 270 823 33
3 0G2 GR 131 675 90
4 0G2 GR 122 672 29
5 0G2 GR 170 790 15
1 0G3 GR354 920 42
2 0G3 GR&26 110 469
3 0G3 GR&27 880 49
4 0G3 GR108 289 22
5 0G3 GR520 325 43
6 0G3 GR663 866 86

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 13)

G;;::.lp From ONA * To GR " - Group Length , m Groull)ng)/gmand
1 0G4 GR519 717 36
2 0G4 GR108 645 42
3 0G4 GR 30 726 24
4 0G4 GR&27 328 27
5 0G4 GR203 971 360
1 OH1 GR600 538 70
2 OH1 GR678 503 54
3 OH1 GR712 743 334
4 OHI1 GR686 350 81
5 OH1 GR348 544 108
6 OH1 GR760 943 47
1 OH2 GR596 1000 193
2 OH2 GR296 754 191
3 OH2 GR598 737 16
4 OH2 GR526 731 29
5 OH2 GR286 873 36
6 OH2 GR760 943 57
1 OH3 GR526 860 59
2 OH3 GR532 85 48
3 OH3 GR262 826 50
4 OH3 GR677 676 81
5 OH3 GR665 841 15
6 OH3 GR685 644 52
7 OH3 GR349 914 35
1 Oll1 GA 421 538 399
2 Oll1 GA 176 873 45
3 Oll1 GA 407 854 22
4 Oll1 GA 268 421 17
5 OlIl1 GA 287 779 66

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 13)

G;::.lp From ONA * To GR " - Group Length , m Groull)ng)/:almand
6 Oll1 GR 66 2 38
1 OI2 GR 108 957 21
2 OI2 GR 827 433 57
3 OI2 GR 256 329 347
4 OI2 GR 663 656 16
5 OI2 GR 711 279 105
6 OI2 GR 266 764 146
1 OI3 GR 262 661 52
2 OI3 GR 266 764 137
3 OI3 GR 506 613 16
4 OI3 GR 741 732 69
5 OI3 GR 572 783 21
1 0OJ1 GR 778 451 45
2 0OJ1 GR 625 525 72
3 0OJ1 GR 595 986 19
4 0OJ1 GR 779 812 36
5 0OJ1 GR 594 994 608
1 0J2 GR 598 984 38
2 0J2 GR 685 580 105
3 0J2 GR 595 991 78
4 0J2 GR 779 675 32
5 0J2 GR 350 411 214

a; ONA = Optimized Nominated Areas, b; GR = Green Areas
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Table (A. 14) : Elevations of Green Areas (GRs) of the Study Area, , (Researcher)

GR Elevation GR Elevation GR Elevation GR Elevation
amsl amsl amsl amsl
GR1 814 GR41 823 GR&1 864 GR121 793
GR2 806 GR42 799 GR&2 868 GR122 897
GR3 800 GR43 775 GR83 897 GR123 892
GR4 802 GR44 775 GR&4 815 GR124 942
GR5 800 GR45 774 GR&85 783 GR125 960
GR6 770 GR46 772 GR86 851 GR126 921
GR7 788 GR47 775 GR&7 864 GR127 948
GRS 858 GR48 775 GR&S 780 GR128 940
GR9 860 GR49 775 GR&9 790 GR129 932
GR10 857 GR50 810 GR90 801 GR130 893
GRI11 919 GRS51 841 GR91 806 GR131 921
GR12 930 GR52 822 GR92 787 GR132 945
GR13 948 GRS53 836 GR93 801 GR133 901
GR14 981 GR54 811 GRY%4 800 GR134 943
GR15 898 GRS55 803 GR95 803 GR135 889
GR16 910 GR56 881 GR96 787 GR136 760
GR17 959 GR57 826 GR97 791 GR137 781
GR18 792 GRS58 858 GR98 821 GR138 849
GR19 819 GR59 790 GR99 815 GR139 875
GR20 765 GR60 790 GR100 813 GR140 871
GR21 859 GRO61 830 GR101 809 GR141 873
GR22 740 GR62 755 GR102 788 GR142 836
GR23 806 GR63 850 GR103 792 GR143 759
GR24 768 GR64 840 GR104 801 GR144 771
GR25 759 GR65 849 GR105 798 GR145 795
GR26 925 GR66 774 GR106 808 GR146 785
GR27 970 GR67 769 GR107 802 GR147 781
GR28 781 GR68 781 GR108 800 GR148 780
GR29 800 GR69 780 GR109 795 GR149 781
GR30 784 GR70 847 GR110 965 GR150 845
GR31 795 GR71 924 GR111 900 GR151 843
GR32 865 GR72 918 GR112 915 GR152 850
GR33 820 GR73 919 GR113 926 GR153 860
GR34 832 GR74 908 GR114 926 GR154 795
GR35 780 GR75 870 GR115 900 GR155 848
GR36 754 GR76 860 GR116 888 GR156 764
GR37 785 GR77 874 GR117 887 GR157 759
GR38 821 GR78 879 GR118 885 GR158 765
GR39 830 GR79 795 GR119 941 GR159 827
GR40 832 GRS80 864 GR120 912 GR160 850
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Table (A. 14)

GR Elevation GR Elevation GR Elevation GR Elevation
amsl amsl amsl amsl
GR161 879 GR201 840 GR241 851 GR281 966
GR162 946 GR202 798 GR242 841 GR282 910
GR163 980 GR203 783 GR243 880 GR283 826
GR164 973 GR204 750 GR244 910 GR284 788
GR165 976 GR205 756 GR245 961 GR285 917
GR166 893 GR206 784 GR246 905 GR286 838
GR167 909 GR207 776 GR247 904 GR287 869
GR168 933 GR208 951 GR248 786 GR288 770
GR169 912 GR209 799 GR249 756 GR289 769
GR170 918 GR210 830 GR250 781 GR290 767
GR171 836 GR211 820 GR251 769 GR291 760
GR172 789 GR212 845 GR252 812 GR292 987
GR173 809 GR213 860 GR253 819 GR293 991
GR174 793 GR214 821 GR254 878 GR294 788
GR175 839 GR215 974 GR255 843 GR295 960
GR176 872 GR216 781 GR256 794 GR296 881
GR177 841 GR217 837 GR257 789 GR297 814
GR178 845 GR218 859 GR258 791 GR298 956
GR179 772 GR219 799 GR259 774 GR299 831
GR180 779 GR220 924 GR260 888 GR300 830
GR181 779 GR221 785 GR261 825 GR301 832
GR182 791 GR222 843 GR262 795 GR302 923
GR183 775 GR223 825 GR263 796 GR303 834
GR184 778 GR224 909 GR264 825 GR304 773
GR185 775 GR225 855 GR265 830 GR305 881
GR186 870 GR226 864 GR266 795 GR306 830
GR187 825 GR227 843 GR267 831 GR307 845
GR188 834 GR228 819 GR268 860 GR308 875
GR189 814 GR229 1001 GR269 845 GR309 797
GR190 927 GR230 1035 GR270 860 GR310 820
GR191 871 GR231 802 GR271 932 GR311 832
GR192 925 GR232 798 GR272 926 GR312 780
GR193 887 GR233 757 GR273 896 GR313 775
GR19%4 865 GR234 765 GR274 797 GR314 739
GR195 864 GR235 760 GR275 883 GR315 901
GR196 803 GR236 811 GR276 954 GR316 877
GR197 924 GR237 860 GR277 949 GR317 882
GR198 886 GR238 817 GR278 939 GR318 884
GR199 846 GR239 847 GR279 745 GR319 882
GR200 780 GR240 850 GR280 797 GR320 880
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Table (A. 14)

GR Elevation GR Elevation GR Elevation GR Elevation
amsl amsl amsl amsl
GR321 881 GR361 814 GR401 859 GR441 776
GR322 880 GR362 812 GR402 905 GR442 779
GR323 876 GR363 951 GR403 850 GR443 782
GR324 875 GR364 924 GR404 900 GR444 856
GR325 875 GR365 824 GR405 884 GR445 840
GR326 875 GR366 923 GR406 983 GR446 840
GR327 876 GR367 923 GR407 848 GR447 945
GR328 878 GR368 802 GR408 785 GR448 804
GR329 868 GR369 798 GR409 823 GR449 821
GR330 868 GR370 786 GR410 868 GR450 778
GR331 867 GR371 760 GR411 808 GR451 772
GR332 867 GR372 750 GR412 951 GR452 828
GR333 872 GR373 851 GR413 753 GR453 823
GR334 870 GR374 953 GR414 820 GR454 790
GR335 865 GR375 850 GR415 875 GR455 967
GR336 868 GR376 995 GR416 796 GR456 875
GR337 765 GR377 999 GR417 899 GR457 890
GR338 764 GR378 918 GR418 810 GR458 784
GR339 761 GR379 925 GR419 845 GR459 784
GR340 765 GR380 919 GR420 1040 GR460 785
GR341 765 GR381 910 GR421 856 GR461 775
GR342 767 GR382 915 GR422 770 GR462 785
GR343 846 GR383 928 GR423 804 GR463 783
GR344 757 GR384 770 GR424 778 GR464 762
GR345 765 GR385 786 GR425 1044 GR465 781
GR346 750 GR386 784 GR426 1043 GR466 922
GR347 790 GR387 860 GR427 1018 GR467 905
GR348 925 GR388 871 GR428 1241 GR468 953
GR349 840 GR389 881 GR429 830 GR469 957
GR350 823 GR390 844 GR430 840 GR470 1027
GR351 818 GR391 815 GR431 835 GR471 921
GR352 849 GR392 838 GR432 1164 GR472 932
GR353 800 GR393 908 GR433 1239 GR473 944
GR354 800 GR39%4 799 GR434 972 GR474 912
GR355 802 GR395 808 GR435 968 GR475 807
GR356 785 GR396 815 GR436 1046 GR476 798
GR357 785 GR397 797 GR437 786 GR477 807
GR358 785 GR398 844 GR438 776 GR478 758
GR359 785 GR399 828 GR439 778 GR479 759
GR360 771 GR400 845 GR440 770 GR480 762
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Table (A. 14)

GR Elevation GR Elevation GR Elevation GR Elevation
amsl amsl amsl amsl
GR481 742 GR521 808 GR561 782 GR601 739
GR482 775 GR522 815 GR562 792 GR602 891
GR483 779 GR523 795 GR563 900 GR603 905
GR484 777 GR524 784 GR564 1095 GR604 891
GR485 920 GR525 845 GR565 1088 GR605 922
GR486 1040 GR526 844 GR566 842 GR606 922
GR487 972 GR527 888 GR567 864 GR607 910
GR488 875 GR528 985 GR568 805 GR608 908
GR489 862 GR529 763 GR569 796 GR609 944
GR490 914 GR530 761 GR570 781 GR610 927
GR491 825 GR531 961 GR571 792 GR611 933
GR492 818 GR532 828 GR572 798 GR612 946
GR493 966 GR533 935 GR573 795 GR613 933
GR494 936 GR534 990 GR574 913 GR614 831
GR495 811 GR535 814 GR575 805 GR615 824
GR496 816 GR536 841 GR576 791 GR616 834
GR497 816 GR537 796 GR577 800 GR617 859
GR498 814 GR538 913 GR578 812 GR618 860
GR499 811 GR539 945 GR579 795 GR619 807
GR500 801 GR540 929 GR580 820 GR620 839
GR501 795 GR541 816 GR581 775 GR621 1037
GR502 794 GR542 761 GR582 933 GR622 1019
GR503 761 GR543 810 GR583 934 GR623 855
GR504 764 GR544 769 GR584 938 GR624 856
GR505 770 GR545 760 GR585 918 GR625 855
GR506 801 GR546 757 GR586 748 GR626 857
GR507 805 GR547 894 GR587 778 GR627 890
GR508 833 GR548 816 GR588 790 GR628 1072
GR509 849 GR549 1005 GR589 810 GR629 829
GR510 930 GR550 878 GR590 800 GR630 749
GRS511 936 GR551 785 GR591 826 GR631 940
GR512 920 GR552 778 GR592 748 GR632 744
GR513 916 GR553 777 GR593 750 GR633 794
GR514 794 GR554 805 GR594 875 GR634 804
GR515 793 GR555 775 GR595 864 GR635 812
GR516 800 GR556 759 GR596 880 GR636 760
GR517 795 GR557 762 GR597 852 GR637 754
GR518 800 GR558 767 GR598 850 GR638 769
GR519 794 GR559 764 GR599 989 GR639 775
GR520 809 GR560 778 GR600 977 GR640 780
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Table (A. 14)

GR Elevation GR Elevation GR Elevation GR Elevation
amsl amsl amsl amsl
GR641 920 GR681 1097 GR721 791 GR761 845
GR642 760 GR682 984 GR722 944 GR762 791
GR643 735 GR683 876 GR723 991 GR763 790
GR644 755 GR684 882 GR724 965 GR764 780
GR645 1031 GR685 830 GR725 973 GR765 786
GR646 1015 GR686 936 GR726 953 GR766 787
GR647 750 GR687 916 GR727 960 GR767 812
GR648 744 GR688 923 GR728 835 GR768 775
GR649 753 GR689 934 GR729 952 GR769 766
GR650 761 GR690 814 GR730 1039 GR770 749
GR651 768 GR691 816 GR731 877 GR771 744
GR652 764 GR692 810 GR732 751 GR772 744
GR653 890 GR693 815 GR733 739 GR773 745
GR654 840 GR694 818 GR734 770 GR774 745
GR655 823 GR695 810 GR735 835 GR775 743
GR656 834 GR696 810 GR736 801 GR776 740
GR657 825 GR697 861 GR737 835 GR777 839
GR658 816 GR698 855 GR738 751 GR778 891
GR659 816 GR699 856 GR739 808 GR779 836
GR660 910 GR700 841 GR740 778 GR780 902
GR661 988 GR701 815 GR741 775 GR781 745
GR662 815 GR702 812 GR742 767 GR782 764
GR663 804 GR703 810 GR743 815 GR783 890
GR664 805 GR704 790 GR744 783 GR784 1066
GR665 835 GR705 789 GR745 780 GR785 909
GR666 840 GR706 786 GR746 789 GR786 868
GR667 815 GR707 880 GR747 824 GR787 829
GR668 815 GR708 828 GR748 824 GR788 897
GR669 800 GR709 789 GR749 826 GR789 1065
GR670 835 GR710 828 GR750 847 GR790 930
GR671 899 GR711 795 GR751 801 GR791 850
GR672 873 GR712 981 GR752 886 GR792 847
GR673 810 GR713 845 GR753 769 GR793 835
GR674 963 GR714 874 GR754 768 GR794 843
GR675 750 GR715 886 GR755 774 GR795 1086
GR676 752 GR716 893 GR756 771 GR796 910
GR677 831 GR717 815 GR757 770 GR797 790
GR678 924 GR718 908 GR758 810 GR798 989
GR679 929 GR719 847 GR759 746 GR799 855
GR680 1024 GR720 754 GR760 898 GRS800 926
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Table (A. 14)

GR Elevation GR Elevation GR Elevation
amsl amsl amsl
GRS801 765 GRS8I11 869 GRS821 849

GR802 810 GR812 830 GR822 936
GR803 916 GR813 1012 GR823 960
GR804 870 GR814 995 GR824 893
GR805 865 GR815 882 GR825 914
GR806 894 GR816 1024 GR826 795
GR807 1058 GR817 841 GR827 785
GR808 1025 GRS818 869
GR809 900 GR819 1080
GRS810 876 GR820 899

Table (A. 15) : Elevations of the Optimized Nominated Areas, , (Researcher)

No. | ONA? | Elevation, amsl No. | ONA ?* | Elevation amsl
1 OAl 810 17 OF2 833
2 OBl 840 18 OF3 780
3 OB2 780 19 OF4 759
4 OB3 756 20 oGl 970
5 OB4 738 21 0G2 897
6 OCl1 830 22 OG3 800
7 0C2 780 23 0G4 775
8 0C3 788 24 OH1 925
9 0OC4 756 25 OH2 854
10 ODl1 732 26 OH3 827
11 OEl1 940 27 OI1 849
12 OE2 825 28 OI2 796
13 OE3 841 29 OI3 790
14 OE4 799 30 0OJ1 864
15 OES5 745 31 0J2 816
16 OF1 846

a; ONA = Optimized Nominated Areas
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Table (A. 16) : Results of The Reclaimed Water Pipe Details, , (Researcher)

Pipe Dlanl?;ter, Q, m’/s Ve::i/cslty, Length, m
OA1l -GR 411 40 0.00083 0.99 501
OA1-GR 717 75 0.00266 0.90 393
OA1 - GR 693 40 0.00064 0.77 391
OA1l - GR 758 40 0.00060 0.72 705
OAl -GR 252 50 0.00105 0.80 752
OA1 - GR 228 40 0.00072 0.86 187
OA1 - GR 537 40 0.00091 1.08 807
OB1 - GR 391 50 0.00097 0.74 694
OB1 - GR 536 40 0.00070 0.84 824
OB1- GR 226 90 0.00440 1.03 976
OB2 - GR 35 63 0.00157 0.76 686
OB2 - GR 766 50 0.00103 0.78 780
OB2 - GR 633 40 0.00067 0.80 889
OB2 - GR 250 25 0.00024 0.72 146
OB3 -GR143 25 0.00018 0.60 154
OB3 -GR 732 180 0.01891 1.11 382
OB3 -GR 344 40 0.00100 1.20 522
OB4 -GR 733 180 0.01781 1.05 148
OB4 -GR 63 32 0.00044 0.83 957
OB4 -GR 346 63 0.00205 0.99 606
OC1 - GR 311 40 0.00079 0.94 220
OC1 - GR 629 50 0.00142 1.09 420
OC1 - GR 691 50 0.00155 1.18 800
OC1 - GR 222 32 0.00043 0.81 412
OC1 - GR 728 75 0.00270 0.91 394
OC1-GR 719 50 0.00143 1.09 786
OC1 - GR 226 25 0.00034 1.05 800
OC1 -GR 150 50 0.00097 0.75 786
OCI1 - GR 351 63 0.00163 0.78 452
OC1-GR 703 40 0.00069 0.82 684
OC2 - GR 88 110 0.00599 0.94 77
OC2 - GR 28 40 0.00075 0.90 472
OC2 - GR 370 20 0.00014 0.70 461
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Table (A. 16)

Pipe Dlanl:l;ter’ Q, m’/s Ve::i/cslty, Length, m
OC3 - GR 370 20 0.00023 1.16 444
OC3-GR7 50 0.00118 0.90 370
OC3-GR S5 50 0.00118 0.90 691
OC3-GR3 50 0.00135 1.03 973
OC3-GR 70 50 0.00147 1.12 546
OC4 -GR290 63 0.00179 0.86 705
OC4 -GR 157 40 0.00063 0.75 59
OC4 -GR 648 75 0.00300 1.01 674
OC4 -GR 25 63 0.00173 0.83 997
0C4 -GR 158 50 0.00125 0.95 498
OC4 -GR 63 40 0.00078 0.93 763
OD1 -GR 733 25 0.00036 1.11 787
OD1 -GR 290 63 0.00217 1.05 917
OD1 -GR 346 63 0.00158 0.76 640
OD1 -GR 63 50 0.00091 0.70 668
OEl -GR 722 63 0.00177 0.85 104
OEl -GR 724 160 0.01201 0.89 963
OE1l -GR 605 50 0.00094 0.72 449
OE1 -GR 608 50 0.00105 0.81 807
OEl -GR 383 50 0.00104 0.80 522
OEIl -GR 611 50 0.00113 0.86 500
OE2 -GR 343 25 0.00026 0.78 505
OE2 -GR 491 180 0.01687 0.99 338
OE2 -GR 767 50 0.00102 0.78 695
OE2 -GR 283 50 0.00102 0.78 96
OE3 -GR 343 63 0.00176 0.85 641
OE3 -GR 430 90 0.00376 0.88 987
OE3 -GR 713 180 0.01674 0.98 63
OE3 -GR 456 25 0.00035 1.06 904
OE3 -GR 307 40 0.00086 1.03 92
OE3 -GR 299 40 0.00069 0.83 948
OE4 -GR 431 110 0.00709 1.11 655
OE4 -GR 429 90 0.00378 0.89 729
OE4 -GR 430 32 0.00042 0.79 802

(A-67)




APPENDIX A

Table (A. 16)

Pipe Dlanl:l;ter’ Q, m’/s Ve::i/cslty, Length, m
OE4 -GR 579 25 0.00031 0.96 286
OE4 -GR 767 25 0.00027 0.82 520
OE5 -GR 413 40 0.00072 0.87 426
OES5 -GR773 110 0.00513 0.81 528
OF1 - GR 299 32 0.00047 0.88 537
OF1 - GR 713 40 0.00063 0.75 747
OF2 -GR19 32 0.00046 0.88 687
OF2 -GR 670 90 0.00338 0.79 391
OF2 -GR 159 32 0.00051 0.96 493
OF3 -GR 31 40 0.00063 0.75 700
OF3 -GR 294 40 0.00100 1.19 553
OF3 -GR 203 25 0.00029 0.89 201
OF3 -GR 639 32 0.00057 1.07 583
OF3 -GR 423 32 0.00056 1.05 708
OF3 -GR 519 25 0.00027 0.81 616
OF3 -GR 103 25 0.00028 0.84 786
OF3 -GR 354 25 0.00025 0.76 920
OF4 - GR 423 32 0.00046 0.86 727
OF4 - GR 639 40 0.00075 0.90 700
OF4 - GR 721 63 0.00234 1.10 871
OF4 - GR 529 63 0.00218 1.05 512
OF4 - GR 413 40 0.00079 0.95 737
OG1 - GR 729 90 0.00378 0.89 356
OG1 - GR 281 32 0.00047 0.89 678
OG1 - GR 730 50 0.00122 0.93 978
OG1 - GR 549 63 0.00208 1.00 806
OG1 - GR 600 110 0.00740 1.16 797
0G2 -GR671 63 0.00226 1.09 63
0G2 -GR 270 25 0.00038 1.15 823
0OG2 -GR 131 50 0.00105 0.80 675
0OG2 -GR 122 25 0.00033 1.01 672
0G2-GR 170 20 0.00017 0.84 790
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Table (A. 16)

Pipe Dlanl:l;ter’ Q, m’/s Ve::i/cslty, Length, m
OG3 -GR 354 32 0.00049 0.93 920
OG3 -GR 826 110 0.00543 0.85 110
OG3 -GR 827 32 0.00057 1.08 880
OG3 -GR 108 25 0.00025 0.76 289
OG3 -GR 520 32 0.00050 0.95 325
OG3 -GR 663 50 0.00099 0.76 866
0G4 - GR 519 32 0.00041 0.78 717
0G4 - GR 108 32 0.00049 0.92 645
0G4 - GR 30 25 0.00028 0.87 726
0G4 - GR 827 25 0.00031 0.96 328
0G4 - GR 203 90 0.00416 0.98 971
OH1 - GR 600 40 0.00080 0.96 538
OH1 - GR 678 40 0.00063 0.76 503
OH1 - GR 712 90 0.00386 0.91 743
OHI1 - GR 686 40 0.00094 1.12 350
OHI1 - GR 348 50 0.00125 0.95 544
OHI1 - GR 760 32 0.00054 1.02 943
OH2 - GR 596 63 0.00223 1.08 1000
OH2 - GR 296 63 0.00222 1.07 754
OH2 - GR 598 20 0.00018 0.89 737
OH2 - GR 526 25 0.00033 1.02 731
OH2 - GR 286 32 0.00041 0.76 873
OH2 - GR 760 40 0.00067 0.80 943
OH3 -GR 526 40 0.00068 0.81 860
OH3 -GR 532 32 0.00055 1.04 85
OH3 -GR 262 32 0.00057 1.07 826
OH3 -GR 677 40 0.00093 1.12 676
OH3 -GR 665 20 0.00017 0.83 841
OH3 -GR 685 32 0.00060 1.13 644
OH3 -GR 349 32 0.00040 0.76 914
OI1 -GR421 90 0.00461 1.08 538
OIl1 -GR 176 32 0.00052 0.98 873
OI1 -GR 407 25 0.00025 0.78 854
OI1 -GR 268 20 0.00019 0.93 421
OIl -GR 287 40 0.00076 0.91 779
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Table (A. 16)

Pipe Dla;ln;ter’ Q, m’/s Ve::i/cslty, Length, m

OI1 -GR 66 32 0.00044 0.82 2

OI2 -GR108 25 0.00024 0.73 957
OI2 -GR 827 40 0.00065 0.78 433
OI2 -GR 256 90 0.00395 0.93 329
OI2 -GR 663 20 0.00019 0.97 656
OI2 -GR 711 50 0.00122 0.93 279
OI2 -GR 266 63 0.00169 0.82 764
OI3 - GR 262 32 0.00060 1.12 661
OI3 - GR 266 63 0.00159 0.76 764
OI3 - GR 506 20 0.00019 0.94 613
OI3 - GR 741 40 0.00080 0.95 732
OI3 - GR 572 25 0.00024 0.74 783
OJ1 -GR 778 32 0.00052 0.99 451
0OJ1 -GR 625 40 0.00083 0.99 525
0OJ1 -GR 595 20 0.00022 1.07 986
0OJ1 -GR 779 32 0.00041 0.77 812
0OJ1 -GR 594 110 0.00704 1.11 994
0J2 -GR 598 32 0.00044 0.84 984
0J2 -GR 685 50 0.00121 0.93 580
0J2 -GR 595 40 0.00091 1.09 991
0J2 -GR 779 25 0.00037 1.14 675
0J2 -GR 350 63 0.00248 1.19 411
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Table (A. 17) :

Results of the Pump Heads of the Pressurized Pipes, , (Researcher)

hf Pump hf Pump
Pipe ELD* m Head Pipe ELD* m Head
(H), m (H), m
OA1-GR 411 -2.0 43 9 0OC4 - GR 25 -7 27 41
OA1-GR 717 -9.0 6.5 18 0OC4 - GR 158 -14 14 32
OA1 - GR 693 -9.0 18.6 33 0OC4 - GR 63 -3 34 46
OA1-GR 758 | -3.0 | 35.1 48 OD1 - GR 290 -32 21 60
OA1-GR252 | -40 | 275 39 OD1 - GR 346 -22 18 46
OA1-GR228 | -12.0 | 64 22 OD1 - GR 63 -27 27 61
OA1 - GR 537 11.0 | 32.5 30 OE1 - GR 724 -24 8 35
OBI - GR391 21 27 14 OE1 - GR 605 14 12 2
OBI - GR536 -5 39 54 OE1 - GR 608 28 30 9
OBI1- GR 226 -28 15 47 OEIl - GR 383 8 19 17
OB2-GR 35 -4 20 30 OE1 - GR 611 3 18 20
OB2 - GR766 -11 29 48 OE2 - GR 343 -25 46 82
OB2 - GR633 -18 43 73 OE2 - GR 491 -4 2 9
OB2 - GR 250 -5 14 24 OE2 - GR 767 9 26 25
OB3 - GR143 -8 18 31 OE3 - GR 343 -8 17 31
OB3 -GR 344 -6 19 30 OE3 - GR 430 18 16 4
OB4 - GR 63 -20 61 95 OE3 - GR 456 -38 67 120
OB4 - GR 346 -16 15 35 OE3 - GR 307 -7 4 14
OCI - GR 311 -6 10 19 OE3 - GR 299 7 45 50
OCI - GR 629 -3 7 14 OE4 - GR 431 -15 7 26
OCI - GR 691 11 23 19 OE4 - GR 429 -15 12 31
OCI - GR 222 -17 18 41 OE4 - GR 430 -25 53 90
OCI1 - GR 728 -8 7 19 OE4 - GR 579 0 23 29
OCI -GR 719 -21 24 52 OE4 - GR 767 -17 45 74
OCI - GR 226 -38 60 112 OES - GR 413 -11 20 37
OCI1 - GR 150 -19 30 57 OES - GR 773 -4 7 14
OCI - GR 351 8 12 8 OF1 - GR 299 11 23 19
OCI1 - GR 703 17 33 25 OF1 - GR 159 15 41 36
OC2-GR 28 -5 23 35 OF2 - GR19 10.4 51.8 53.8
0C2-GR 370 -10 45 67 OF3 - GR 31 -19 36 64
0OC3-GR 370 0 31 39 OF3 - GR 294 -12 21 39
OC3-GR 5 -14 24 44 OF3 - GR 203 -6 17 28
OC3-GR3 -14 30 53 OF3 - GR 639 1 32 39
OC3-GR 70 6 13 12 OF3 - GR 423 -25 39 74
0OC4 - GR290 -8 18 32 OF3 -GR 519 -17 54 85
0OC4 - GR 157 -7 2 11 OF3 -GR 103 -15 68 99
OC4 - GR 648 7 13 10 OF3 - GR 354 -24 85 128

a: ELD = Elevation difference between the nominated area and the green area — 4m, depth of the treatment

unit.
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Table (A. 17)

hi Pump hf Pump
Pipe ELD* m Head Pipe ELD* m Head
(H), m (H), m

OF4 - GR 423 -47 45 103 OH3 - GR 262 28 45 27
OF4 - GR 639 -20 32 60 OH3 - GR 677 -8 27 42
OF4 - GR 721 -25 20 51 OH3 - GR 665 -12 95 127
OF4 - GR529 -8 12 25 OH3 - GR 685 -6 34 49
OF4 - GR 413 2 32 39 OH3 - GR 349 -17 62 93
OG1 - GR 281 1 41 51 OIl - GR421 -10 8 21
0OG1 - GR 730 -73 33 114 OIl - GR 176 -26 50 88
0OG1 - GR 549 -39 19 64 OIl - GR 407 -2 117 82
0OG1 - GR 600 6 9 6 OIl - GR 268 -14 30 53
0G2 - GR 270 33 58 38 OIl - GR 287 -23 35 67
OG2 - GR 131 -28 25 59 OI2 - GR 108 -8 90 118
0OG2-GR 122 -4 51 68 OI2 - GR 827 7 22 21
0G2-GR 170 -25 82 125 OI2 - GR 256 -2 5 11
OG3 - GR 354 -4 55 72 OI2 - GR 663 -9 66 90
OG3 - GR 827 11 48 48 OI2-GR 711 -3 9 16
OG3 -GR 108 -4 27 38 OI2 - GR 266 0 21 27
0OG3 - GR 520 -13 19 38 OI3 - GR 262 0 35 44
OG3 - GR 663 -8 33 50 OI3 - GR 266 0 22 28
0G4 - GR 519 -22 48 81 OI3 - GR 506 -6 54 72
0G4 - GR 108 -29 39 77 OI3 - GR 741 20 32 20
0G4 - GR 30 -12 62 88 OI3 - GR 572 -3 73 93
0G4 - GR 827 -14 26 47 0OJ1 - GR778 -30 26 63
0G4 - GR 203 -11 15 31 OJ1 - GR 625 5 22 24
OHI1 - GR 600 -39 23 70 OJ1 - GR 595 -1 100 123
OH1 - GR 678 -3 25 36 OJ1 -GR 779 24 54 43
OH1 - GR 712 -54 12 71 OJ1 - GR 594 -10 11 25
OHI1 - GR 686 -16 14 34 0J2 - GR 598 -34 62 111
OHI1 - GR 348 -5 18 28 0J2 - GR 685 -14 19 39
OH1 - GR 760 22 53 43 0J2 - GR 595 -46 40 95
OH2 - GR 596 -30 23 60 0J2 -GR 779 -20 48 80
OH2 - GR 296 -15 17 38 0J2 - GR 350 -7 9 19
OH2 - GR 598 0 73 89

OH2 - GR 526 6 56 63

OH2 - GR 286 12 59 61

OH2 - GR 760 -48 46 105

OH3 - GR526 -21 42 73

a: ELD = Elevation difference between the nominated area and the green area — 4m, depth of the treatment

unit.
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