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ABSTRACT

DESIGN OF WASTEWATER COLLECTION
SYSTEM FOR AL-SAMOU TOWN

By:

ISMAEL ZA'AREER HANI SHAWAR
KHALED IDAIS

Palestine Polytechnic University

There is no wastewater collection system at present in Al-samou’ town. The sewage
from residential and public buildings in the area is drained to cesspits. These have
become clogged with time and require frequent emptying. The continued use of
cesspits with the icrease in population will cause environmental and health problem,
and may create contamination of the underground water aquifer. Furthermore,
emptying csspools constitutes an offensive odor nuisance to the population. On the
other hand, emptying the vacuum trunks in the nearly wadi causes negative impacts

on the visual landscape.

In reference to above description of the existing situation, there is a clear need of
project in order to improve the sanitary level in Al-samou' town. The first step is

serving the city with wastewater collection system. So, the main objective of this



project is to design wastewater collection network for Al-samou' town of the Hebron

district.

The present study considered the annual population growth and their water
consumption for the coming 25 years that will be the design period, along with the
commercial and industrial development in the area. The necessary hydraulic
calculation needed for the design of the main trunks was carried out by simple

caculation.

The results of the study show that wastewater disposal in Al-samou’ area causes
problems to the peoples; subsequently there is a big need for immediate steps for
construction of the proposed wastewater collection system. Gravity flow sanitary

sewer was proposed for most of Al-samou’ areas .
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CHAPTER ONE INTRODUCTION

CHAPTER ONE

INTRODUCTION

1.1 Background

Currently, there are no public wastewater collection and treatment facilities serving
most of rural areas in the West Bank. And due to the lack of sewage collection and
treatment system, large areas in the West Bank and ground water aquifer are being
contaminated by raw sewage. This contamination will have long-term impact on
agricultural land and creates health hazards when utilized for human consumption.
For the above mentioned reasons, serious and major steps should be taken to

collect, dispose and treat the wastewater before discharging it in open environment.

1.2 Problem Definition

More than 60% of the water used for domestic purposes and industry turn into
sewage requiring purification (treatment) for reuse in irrigation or alternative
disposal. Contrarily, if wastewater not treated and not disposed of, sewage may
contaminate sources of drinking water. In Palestine, water-borne diseases are very

commonplace.

In the West Bank, no piped wastewater disposal system is available in most of the

rural areas. Wastewater from individua residence is discharge directly into
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subsurface pits, allowing the wastewater to seep into the surrounding soil and
percolate into the underlying aquifer causing ground water pollution. At the same
time, the existing treatment plants are heavily overloaded and poorly operated and
maintai ned.

Al-Samou' town like other towns in West Bank has no sewage facility and the people
are using latrines, cesspits and septic tanks for the disposal of wastewater. These
latrines and cesspits are deteriorating and they are in very bad condition, adding to
this the increasing in water consumption and consequently increasing in wastewater
production, resulting in overflow from the cesspits and excessive recharges of
ground water in Al-Samou'’ area.

In view of this bad condition, and since there is no sewerage exist, along with the
fast increase in the environmental and health problems, an evaluation and design of
wastewater collection system study become a pressing necessity so as to solve all
the problems that were mentioned above. This project which includes evaluation
and design will consider the annual growth of the people and their water
consumption for the coming 25 years, which will be the design period, along with

the commercial and industrial development in the area.

1.3 Purpose of Project

The overal purpose of this project is to investigate and evaluate wastewater

collection and treatment processes along with conceptual designs that are suitable
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for Al-Samou' town. More specifically the main purposes of this project may be

classified as follow:

1. Display the current situation of wastewater disposal in Al-Samou' town.

2. Define the types of sewage facilities and their locations that will need to
be constructed.

3. Propose wastewater collection system for the town and design the main
trunks of the proposed sewerage collection network.

4. Estimate the cost for construction of the collection network.

The project will help in reducing the threat to the environment, water and land

resources and to the health of the people living in Al-Samou' town.

1.4 Scope of the Work

The scope of work of this project is to evaluate and develop preliminary conceptual
design for sewer networks for Al-Samou' town of the Hebron district. The
preliminary design will incorporate a variety of design criteria including:
investigation of site, site suitability, design alternatives, environmental consideration

and cost estimate.

1.5 Stages of the Project
The project consists of six phases, which are proposed to be completed in
accordance with time schedule shown in (Table 1.1). The description of each of the

six phases of the project and tasks involved islisted below:
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Table (1.1): Phases of the Project with their Expected Duration

Phase
No.

Duration

Title

One

Collection and Analysis of
Al-Samou'.

Two

Performing the Surveying
Works.

2/07 |3/07 |4/07 |5/07

6/07

7/06

Three

Design of the Sewage
Network.

Four

Preparing Plan Drawings

and Profiles.

Five

Preparing Bill of Quantities
and Cost Estimates.

Writing the Report.

L

Phase 1. Coallection and Analysis of Data

During this phase, available data and information were collected from different

sources. Moreover, many site visits to the project area were undertaken. First phase

included the following tasks:

1. Caollection of aerial and topographical maps of the area.

2. Coallection, analysis and augmentation as necessary data on population, land

use, zoning, water consumption and environmental conditions.

3. Projection on land use development, population growth and density, and

economic growth (industrial, commercial, etc).
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4. Determination of the wastewater quantities and projection of wastewater

production in year 2032.

Phase 2: Perform the Surveying Works

The tasks which were performed in the second phase are:

1. Determination of the coordinates of some points in the area which help in
preparing the necessary maps for the project.

2. Evaluation of the contour maps and matching it with actual ground levels.

3. Performing and selecting topographic survey for the sewage network.

Phase 3. Design of the Sewage Network

During the third phase, the areas to be served by sewage were defined, the layout

was established, and the necessary hydraulic calculations needed for the design of

one of the main trunks were carried out. The tasks, which were performed in this

phase, are:

1. Definethe areato be served by sewerage and establish the boundaries.

2. Establish a system layout which includes the areas that are going to be served,
existing streets and roads, topography ..... etc.

3. Establish the main catchments areas and routes of the sewer.

4. Prepare a design criterion that meets the sewage contribution and flow for the
entire area through the year 2032.

5. Do the necessary hydraulic calculation and find out the sewers diameter.



CHAPTER ONE INTRODUCTION

Phase 4: Preparing Plan Drawings and Profiles
Plan drawings and profiles with appropriate scales for the wastewater collection

system were prepared.

Phase 5: Preparing Bill of Quantitiesand Cost Estimates
After finishing the design calculation of the main trunks, the research team

prepared bill of quantities and estimate the cost of the project.

Phase 6: Writing the Report
Upon the completion of the work, one final report was written and submitted to the
Department of Civil and Architectural Engineering at Palestine Polytechnic

University.

1.6 Organization of the Report

The study report has been prepared in accordance with the objectives and scope of
work. The report consists of five chapters.

The first chapter entitled “Introduction” outlines the problem, purpose of
project, scope of the work and phases of the project.

Chapter two entitled “Characteristics of the Project Area” talks about Al-

Samou' Town, physical features, demographic features and water supply.
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Chapter three entitled “Design and Planning Criteria” presents information
about population and their densities, the actual water consumption, land use, and
design criteria applicabl e to the sewerage networks.

Chapter four entitled “Analysis and Design” deals with the layout of the system,
design calculation of the main trunks, and the profiles of the lines designed.
Chapter five, entitled “Bill of Quantities” deals with the quantities needed to
complete the design system.

Chapter six, which is the last chapter, entitled “Conclusions” summarized the

project into briefly notes.
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CHAPTER TWO

CHARACTEEISTICSOF THE PEOJECT AREA

2.1 Al-Samou' Town

Al-Samou' town is located 23 kilometers to the south of the city of Hebron. The total

|land area of the town is about 18,000 dounms.

2.2 Physical Features

A summary of physical features of the study area based on available data is presented
bel ow.

2.2.1 Topography

The study area consists of mountains with steep slopes and few plain areas located
center of the city. The city is about 750 meters above mean sea level (AMSL). The
area of city center is located between 750 m and 700 m AMSL. The built-up area of

town spreads between the elevations of 750 m to 650 m AMSL.

10
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qi=mmn land betweaeaen the wall =amnd thhe L
Lime | |

Fig.2.1-Location Map of Al-Samou' Town

2.2.2 Climate

11
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Al-Samou' city has a typical Mediterranean climate with two main seasons:. the dray
season from May to October and the rainy season from November to April, spring
and autumn are short and have special characteristics. The climatelogical data
presented in the following paragraphs were obtained from the survey carried out by

Meteorological Station which islocated at the elevation of (+750) m AMSL.

2.2.2.1 Rainfall

The average annua rainfal in Al-Samou’ Town for the last five years is
approximately (300) mm, of which about 98 percent falls between October and
April. The maximum monthly rainfall recorded in January and amounted (100) mm.
Table (2.1) shows the monthly rainfall during the period 2000-2005 at the Al-Samou'
Meteorological Station.

2.2.2.2 Temperature

The temperature range is characterized by considerable variations between summer
and winter. The mean temperature values at the Al-Samou’' Metrological Station for

the period 2000 — 2005 are given in Table 2.1. The following characteristics values

are shown:
= Mean maximum temperature: 20°C
= Mean minimum temperature: 11°C
=  Maximum temperature recorded 3.96°C

=  Minimum temperature recorded 27.23°C

12
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Table2.1: Meteorological Conditionsat Al-Samou Town Weather Station for
(2000-2005)

_ Maximum Minimum
Month Rainfall Temperature | Temperature
(mm) X X
(C) (C)
September 0.0 10.25 3.96
October 5 11.58 4.70
November 30 14.57 6.46
December 90 19.59 9.93
January 100 23.63 13.23
February 75 25.90 15.77
March 30 27.16 17.04
April 5 27.23 16.96
May 0.0 25.97 15.94
June 0.0 23.18 14.02
July 0.0 17.50 9.90
August 0.0 12.09 5.62
Total 335.0

2.2.2.3 Relative humidity

Al-Samou' situated at a considerable distance from the sea in a mountains region
on the outskirts of the desert. Al-Samou' has low values of relative humidity as
compared to those in the plain. As shown in Table 2.1 the relative humidity in
Al-Samou' city ranges from 48% - 72%, it reaches the maximum value in

August.

13
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2.2.2.4Winds

The directions and velocities of wind vary depending on the season of the year.
In winter, the wind blows in the morning from the southwest, around noon from
southwest and west, and at night from west and northwest. In summer, a north
easterly wind blows all day long. According to the data obtained from the Al-
Samou’' Metrological Station, the average wind velocity in winter is about 12 m/s

and in summer 8 m/s.

2.3 Demographic Features

2.3.1 Population
The population within the municipal boundary has been determined according to a
census carried out by the Palestinian Central Bureau of Statistic (PCBS) on the night

of 9/10 December 1997.,. 17.000 .

2.3.2 Population density and zoning

According to data obtained from Municipality, the town of Al-Samou' is subdivided
into planning zones according to the land use. The zones are residential, agricultural,
commercia and industrial. Highest population density will remain almost constant as
it is aready saturated while the other residential zones represent the attractive areas

for the citizens.

14
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2.4 Water Supply

The main water source for Al-Samou' town is from Al-Semya well, which is owned
and operated by Water Authority. The average water quantity which is supplied to
Al-Samou' is around ( 384 )cubic meters per day. Table 2.2 represents the quantities

of water supplied and billed for the last three years.

Table 2.2: Quantities of Water Supplied and Billed for Al-Samou' Town

Y ear Water Supplied (m®) | Water Billed
(m°)
2004 140000 32000
2005 140000 35000
2006 140000 38000

As presented in Table 2.2, the unaccounted for water in the distribution network is

about 35-51% of the quantity of water pumped into the network.

Due to insufficient water quantities pumped into the network, the people of Al-
Samou' rely on rainwater harvesting as an additional water supply source. Almost all
new houses have underground cisterns built at the time of construction. It is
estimated that around 50% of houses have individua cisterns with an average

capacity of 50 m® per each.

15
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CHAPTER THREE

DESIGN AND PLANNING CRITERIA

3.1 Introduction

In the previous chapters, the problem of the study area has been defined and the
objectives of the project have been listed. The characteristics of the project area (Al-
Samou’ Town) have been described. Wastewater collection systems and design of
sewer system were explained. In this chapter, basis for planning and design will be
discussed including present population, population forecasting, projected water

consumption, town structure plan, and the design and planning criteria of the project.

3.2 Population For ecast

3.2.1 Introduction

The ideal approach for population forecasting is by the study and use of previous
census records, which cover aong period. The longer the period, and the more
comprehensive the census data, the more accurate will be the results, which will be
obtained. In the analysis of these data, demographical, economical and political
factors should be considered in order to develop a method of forecasting which will
predict the expected growth rate, future population and its distribution in the different

zones of the area under consideration.
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In Al-Samou’' Town, there is great uncertainty in the political and economical future.
Additionally, there were no accurate population data since the occupation of the
West Bank in 1967, until 1997 when the Palestinian Central Bureau of Statistic
(PCBS) conducted comprehensive census covering the West Bank and Gaza Strip.
The final results of this census show that the total population of Al-Samou’ Town is

17000 inhabitants.

Due to the unstable condition of the area during the last 50 years, it would be very
difficult to develop a statistical interpretation to extrapolate future population. Some
reasonable assumptions have, therefore, been made to project the future population

of Al-Samou' Town over the next 25 years.

3.2.2 Population projection

Prediction of the future population of Al-Samou’ Town is very difficult due to the
lack of reliable historic data, and the political uncertainties, which will greatly
influence future social and economic development. At the same time, the available

data on past population growth do not constitute a reliable basis for projecting the

future population growth in Al-Samou' town.

The base for the forecast is the 1997 population for Al-Samou' town obtained from
PCBS of 17000 inhabitants. The annual growth rates for the next twenty years are

also obtained from the PCPS and they are presented in Table 3.1.
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To calculate the population at the end of the design period (year 2032), a geometric
increase is assumed, represented by the following equation:

P=Py* (1+1)" (3.1)

Where, P is the future population, Py is the present population, r is the annual

population growth rate, and n is the period of projection.

Using the above assumption and equation, Table 3.1 presents the population

projection up to the design horizon of 2030. The data show that the population of Al-

Samou' town is estimated to be 42,500 in year 2030.

Table 3.1: Population Forecast for Al-Samou Town.

Y ear Annual Growth Rate(%) Population
2005 4.24 23000
2010 3.73 27600
2015 251 31500
2020 2.26 35000
2030 2.00 42500
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3.2.3 Population Density

When determining the density of population, it is either related to the total municipal
area (gross density) or to the built-up area only (net density). The gross density
related to the municipa area includes large industrial areas, agricultural areas, un-
built areas, public parks, large water surfaces, forests ...etc. The net density is related
to the built up urban area, but it includes small-scale industries, schools, public and

commercial buildings, and roads.

Sewer design, however, is based on the net densities of population, because the
provision of sewers is limited to the built-up areas. The gross density are also used
in the design of sewer system. The net density of population varies considerably
from district to district. For Al-Samou' town the net densities it varies between 18.4
and 185 capita per hectare. The gross density for the same areas varies between 1.5

and 5.8 per hectare.

The Al-Samou' municipality studies the population densities for different areas of
Al-Samou’' based on the town study master plan, which serves for incisive building
permits. The values of gross and net population densities are given in Table 3.2 along

with the names of district and areas.
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Table 3.2: The Present and Future Population and Densitiesfor Different
Area of Al-samou' Town

< > o
g = % : ) Sty
£ g B § | 5. & =g | 5
= = QO® o 5c Q0
=z ‘g’ ~ < . < [} m § =N
g 2 8 | 2 | 86| 5 08 | 52
< 5 < = | < E 2| b
© 3 g T z 0
Biar —Elganan
Asail 7878 3715 25 22 14558 100 117
Marah El-hattab- 32
Abu sa¢ll 4428 71.24 33 63 8182 126
Al-omary-Main 25.3
Street 1573 25.3 23 64 2908 115
Khadoor-Am- 45
Ennewar 4399 69.8 15 62 8128 137
Wad shemo'on- 24
El-husseiny 4721 76 32 73 8723 156

In present project, the gross population densities are used in design of wastewater

collection system for Al-Samou' town, which give the same results if we use the

net densities.

3.3 Future Water Consumption

3.3.1Introduction
Water consumption is not constant, yearly, monthly, weekly, daily and hourly
variations in water consummations are observed. Certain dry years cause more

consumption. In hot months water is consumed in drinking, bathing, and watering
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lawns and gardens. On holidays and weekends the water consumption may be high.
Even during day water use various with high use during morning hours and close to
noon and low use at night. Maximum daily demand or maximum daily consumption
usually occurs during summer months. The ideal approach to assess the existing and
future per capita water consumption is by analyzing and extrapolating the available
record on water consumption and demand in conjunction with the expected social
and economical development. This approach can be adopted in areas having
continuous supply systems where reliable information about population, population
distribution and demand are known. There are problems adopting this approach for
Hebron area including Al-Samou’ Town due to insufficient data and aso the

intermittent water supply.

Restrictions on the Palestinian use of the annual ground water resources of the West
Bank led to limited quantities availability of water and due to this condition; the
average consumption of water in Al-Samou' Town for all purposes does not exceed
36.5 cubic meters per capita per year. Given these circumstances, the approach to
determine per capita water consumption depends on the analysis of the existing
information. The existing per capita consumption has aready been assessed at (100

liter/capita. day).
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3.3.2 Projected water consumption

The present average consumption of water for domestic use in Al-Samou Town does
not represent the present and actual demand of water. So, it is estimated the water
consumption in Al-Samou’ will dramatically increase during the next few years, due to
several ongoing water projects, which are:

1. Drilling new production wells;

2. Upgrading the existing water supply system;

3. Rehabilitation of the existing network; and

4. Detecting network leakage as well as dealing with institutional development of

water sector and tariff structures.

The Al-Samou Municipality has estimated the existing per capita water consumption
at about 100 I/c.d, and the rate of increase in the annual water consumption per capita
to 1.5 %. It is estimated that the per capita water supply will be 143 |1/c.d including the
physical losses in the year 2030. Assuming the physical losses at about 15%, the per
capita water consumption will be around 120 I/c.d. It should be noted that the figure
includes commercial and industrial consumption. The estimated per capita water

consumptions for the year 2005, 2010, 2015, 2020 and 2030, is presented in Table
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3.3.

Table 3.3: Forecast Water Demand for Al-Samou Town.

Water Demand (m 3/year) Water
Y ear Population Per Capita Total Demand(l/c.d)
2005 23000 | 36.5 | 730000 | 100
2010 - 27600 T - 3942 T 1087992 *f 108 |
2015 31500 T 4234 1 1333710 _i_ 116 |
2020 35300 T 4563 | 1610739 _;_ 125
2030 42500 } 52.20 I 2218500 } 143

It may be noted from Table 3.3 that the projected water consumption for the design
period (year 2030) is 143 liter per capita per day. And as mentioned earlier if the
losses are 15% the per capita water consumption will be 120 liter per capita per day.

Thisfigureisused in the design of wastewater.

3.4 Design Parameters

3.4.1 Flow rateprojections

The total wastewater flow in sanitary sewers is made up of two components:

(1) Residential. (2) Infiltration. Sanitary sewers are designed for peak flows from
residential and peak infiltration allowance for the entire service area. The flow rate
projections are necessary to determine the required capacities of sanitary sewers.

These projections will be based on:
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1. Population: Future population at the end of design period should be estimated.
The estimated population of Al-Samou' town in the year 2030 is 42500
inhabitants.

2. The present domestic water consumption and future consumption.

3. The percentage of water going to the sewer: In general, the average wastewater
flow may vary from 60 to 90 percent of the water used in the community. A value
of 80 percent has generally been agreed upon by all the authors of earlier projects
in the West Bank and other locations under similar conditions.

4. The service connection percentage: The percentage of houses that will be served
by sewers will depend on the nature of the habitat in the catchments area
considered and of the design period. It has been assumed that the service
connections will increase, to full coverage for the urban population in year 2032.

5. The uncontrolled inflow and infiltration: Infiltration is the entrance to the
collection system of water from outside sources such as groundwater. Inflow is
the entrance to the collection system of runoff during a rainfall event. Infiltration
depends mainly on the state of the network; the depth at which it is buried and the
groundwater elevations. Most of the sewers to be laid will be new and the ground
water elevations in the area are low. Ground water infiltration seems then to be
not significant. The network will be designed to avoid rainwater inflow. However,
there will aways be cases of manhole leaks, loose joints and private individuals
who link up their rainwater pipes to the sewerage network. Given the difficulty of

accurately estimating these parameters and according to previous studies and data
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of another area under similar conditions, a mean discharge increase of liter per
second per hectare will be applied when dimensioning the sewerage system.

6. The peak coefficient: In general, this coefficient increases when the rate of
connected population decrease, for example when the flow rate is weak. In the
other hand, when the connected population is important, the variation around a
mean discharge is weaker. As there are few field investigations conducted in the
study area to estimate this factor; it will be determined from the practice and
experience of the designer. The following relation has been used commonly by
the designer and gives satisfactory results:

Pf=15+25/Nq (3.2)
Where, g (in I/s) is the daily average flow rate of the network branch under
consideration and Pf is the peak factor.
Using these assumptions, the flow rate projections were evaluated for the study

area (Al-Samou’ town).

3.4.2 Hydraulic design
As mentioned earlier and according to usual practice, the sewers will be designed for

gravity flow using Manning’s formula:

Vv =1nR? s (33)

Depending on pipe materials, the typical values of n are:
- Reinforced Concrete (RC) n=0.013

- Polyvinyl Chloride (PVC) n=0.011
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- Ductile Iron: n=0.013

- Asbestos Cement: n=0.012

3.4.3 Minimum and maximum velocities

For a circular sewer pipe, the velocity at half-depth is equal to the velocity at full-
depth .To prevent the settlement of solid matter in the sewer, the literature suggested
that the minimum velocity at half or full depth — during the peak flow period —
should not be less than 0.6 m/s, but point out that the minimum self cleansing
velocity of 1.0 m/s is to be preferred wherever this is practicable. Usualy, a
maximum sewer velocity are limited to about 3 m/s in order to limit abrasion and

avoids damages which may occur to the sewers and manholes due to high velocities.

3.4.4 Pipesand sewers

i) Necessary because some large objects such as scrub brush, sometimes gets into

sewers. Experience indicates a minimum diameter of 200 mm (8 inch) for sewer

pipes. For house connections, smaller sizes may be used.

ii) Pipe Materias: different pipe materials may be recommended for the sewers.

1. Polyvinyl chloride PVC, vitrified clay VCP or polyethylene PE material for small
size pipes (approximately up to the size 400 mm in diameter).

2. Centrifugal cast reinforced concrete pipes may be used for larger diameter.
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3.45 Manholesand covers

Manholes should be located at changes in size, slope direction or junction with
secondary sewer. Manholes spacing generally does not exceed 60 m and should
never be greater than 100 m except in sewers which can be walker through gravity.

The minimum cover over sewer line will be of 1.5 m, for the buried section.

3.4.6 Sewer sope

For a circular sewer pipe, the slope must be between the minimum and maximum
dope, the minimum and maximum slope is determined from minimum and
maximum velocity. Generaly the natural ground slope is used because it is the

technica and economic solution, the solution is therefore recommended.

3.4.7 Depth of sewer pipe

As mentioned earlier, the depth of sewers is generally 1-2 m below the ground
surface. Depth should be enough to receive the sewage by gravity, avoid excessive
traffic loads, and avoid the freezing of the sewer. It is recommended that the top of

sewer should not be less than 1 m below basement floor.

3.4.8 Design period
Sewers are designed on estimated future flows at the end of a design period. So the
design period is thus the length of time throughout which the capacity of a sewer will

be able to cope with the expected flows and may be assumed at:
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1.

2.

Drains (concrete): 20 — 30 years.
Sanitary sewers: 25 — 30 years.

Buildings: 25 — 30 years.

The design period adopted for this project is 25 years.

3.5 Design and Planning Assumptions

The design and planning assumptions used in this project are as follow:

10.

11.

12.

13.

Design period 25 year (from 2007-2032).

. Present (2007) population of municipality of Al-Samou' town is 23000 capita.

The growth rate will be 2%-4.5%.
The existing per capitawater consumption has been assessed 100 I/c.d.
Total administrative area of municipality of Al-Samou' town 18,000 dounm.
Future 2030 population of Al-Samou’ town 42000 capita.
Per capitawater consumption by 2030 will reaches 120 I/c.d.
The wastewater production is about 80% of their water consumption.
Formulato be used in design of sewers :(Manning formula)
V=(Un)* R#3*g? (3.3)
Minimum velocity 0.6 m/sec.
Maximum velocity 2.5-3.5 m/sec.
h/D = 0.5 for main trunks.

M aximum manhol e spacing 50 m for main trunk.
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14.

15.

16.

17.

18.

19.

Minimum pipe diameter = 8 inch (200 mm)
Infiltration rate 20 % of average domestic wastewater.

Peak factor determine by equation
Pr =15+ (2.5/\q) (3.2)
Depth of sewer pipe: Minimum covers not less than 1.5 from the crown.

Maximum slope Smax = 0.015.

Minimum slope Smin = 0.005.
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CHAPTER FOUR

ANALYSISAND DESIGN

4.1 Introduction

In this project, an attempt is made to evaluate and design wastewater collection
system for Al-Samou' town, and develop a future plans for construction of the
collection system, corresponding to population growth and the water consumption
and subsequently the wastewater production from different sources in the future, in
order to reduce the problem causes by the disposal of raw wastewater in the area. In
this chapter, the layout of the system established is presented, and the computation
procedures and tables are given along the drawings of layout and profiles for al the

lines designed.

4.2 Layout of the System

The first step in designing a sewerage system is to establish an overall system layout
that includes a plan of the areato be sewered, showing roads, streets, buildings, other
utilities, topography, soil type, and the cellar or lowest floor elevation or all buildings
to be drained. Where part of the drainage area to be served is undeveloped and
proposed development plans are not yet available , care must be taken to provide
adequate terminal manholes that can later be connected to the system constructed

serving the area .
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In establishing the layout of wastewater collection system for Al-Samou' area, the

following basic steps were followed:

1. Obtain atopographic map of the area to be served.

2. Locate the drainage outlet. This is usually near the lowest point in the areaand is
often along a stream or drainage way. In Al-Samou' area, the lowest point isin the
western part of the town.

3. Sketch in preliminary pipe system to serve al the contributors.

4. Pipes are located so that all the users or future users can readily tap on. They are
also located so as to provide access for maintenance and thus are ordinarily placed
in streets or other rights-of-way.

5. Sewerslayout is followed natural drainage ways so as to minimize excavation and
pumping requirements. Large trunk sewers are located in low-lying areas closely
paralleling streams or channels.

6. Establish preliminary pipe sizes. Eight inches pipe size (usualy the minimum
allowable) can serve several hundred residences even at minimal grades.

7. Revise the layout so as to optimize flow-carrying capacity at minimum cost. Pipe
lengths and sizes are kept as small as possible, pipe slopes are minimized, and
followed the ground surface slope to minimize the depth of excavation, and the
numbers of appurtenances are kept as small as possible.

8. The pumping is avoided across drainage boundaries. Pumping stations are costly
and add maintenance problems.

The final layout of wastewater collection system for Al-Samou' town isillustrated in

Figure 4.1.
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4.3 Design Computations

The detailed design of sanitary sewers involves the selection of appropriate pipe
sizes and slopes to transport the quantity of wastewater expected from the
surroundings and upstream areas the next pipe in series, subject to the appropriate
design constrains. The design computations and procedures for Al-Samou' Sanitary

sewers are illustrated in the design example given below.

4.3.1 Design example: Design a gravity flow sanitary sewer
Design a gravity flow trunk sanitary sewer for the area from the old city center to
outfal (line A) shown in Figure 4.1. Assume that the following design criteria have
been devel oped and adopted based on an analysis of local conditions and codes.
1. For design period use 25 years as adesign period.
2. For population growth use 2%-4%.
3. For water consumption uses 100 I/c.d, for the current use and 120 |/c.d, for the
future use. The wastewater calculates as 80% of the water consumption.
4. For infiltration allowance use 20% of the domestic sewerage flow.
5. Peaking factor depending on the formula:
Pf = 1.5 + (2.5/\q). (3.2)
6. For the hydraulic design equation use the Manning equation with avalue of 0.015.
7. Minimum pipe size: the building code specifies 200 mm (8 in) as the smallest pipe
permissible foe this situation.
8. Minimum velocity: to prevent the deposition of solids at low wastewater flows,
use minimum velocity of 0.6 m/s during the peak flow conditions.

9. The minimum cover depth over the top of the sewer is1.5 m.
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4.3.2 Solution

1. Lay out the trunk sewer. Draw aline to represent the proposed sewer (Figure 4.1).

2. Locate and number the manholes. Locate manholes at (1) change in direction, (2)

change in slope, (3) pipe junctions, (4) upper ends of sewers, and (5) intervals

from 50 to 70 m or less. Identify each manhole with a number.

3. Prepare a sewer design computation table. Based on the experience of numerous

engineers, it has been found that the best approach for carrying out sewer

computations is to use a computation table. The necessary computations for the

sanitary sewer are presented in Table 4.1. The data in the table are calculated as

follow:

a. The entries in columns 1 and 2 are used to identify the line numbers and

b.

C.

d.

location.

The entries in columns 3 through 5 are used to identify the sewer manholes,
their numbers and the spacing between each two manholes.

The entries in columns 6 and 7 are used to identify the sewered area, column
6 shows the incremental sewered area in hectare, and column 7 shows the
cumulative area.

The Future population (year 2032) including population density, incremental
population, and cumulative total population are entered in columns 8, 9, and
10 respectively. The population density (person/ha) in column 8 is obtained
by determine the number of population on the al area. The incremental
population (column 9) is obtained by multiplying column 8 by column 6.
Column 10 shows the cumulative total population by adding column 9 to the

last figure of column 10.
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e. To caculate cumulative peak design flow columns 11, 12, 13, and 13 are
used. Column 11 is obtained by multiplying future wastewater production
(80% * 120 l/c.d.) with the future incremental population (column 9) then

dividing by (24 hours *60 minutes* 60 seconds). The peak factor (column 12)

is calculated using equation 3.2 as: Py = 1.5 + 2.5/ Vq , where q = Average

Domestic sewage flow (Column 12). Column 13 represents the Maximum
Domestic (Q) in (I/s), the value of it is obtained from multiplying column 11
by column 12. Column 14 gives the infiltration allowance, which equal 0.02
* Column 11.

f. The entries in columns 15 (total average flow rate) is calculated by sum the
Column 11 and Column 13.

g. Theentriesin columns 16 (total maximum flow rate) is calculated by sum the
Column 13 and Column 14.

h. The necessary layout data for the sewer (columns 17 through 20) are obtained
as follows: The ground surface elevations at the manhole locations entered in
columns 17 and 18. The ground slope given in column 19 is obtained by
subtracting downstream elevation from upstream elevation (column 17-
column 18) and dividing the result by sewer length (column 5).

i. Sewer design information is summarized in columns 20 through 29. The
slope of sewer (column 20) is taken as the slope of the ground or less
depending on the values of the slope given in tables of Appendix-B (taking
the value of ground slope and look to the tables and take the same value or
the nearest less value). The reason for taking the slope of sewer equal to the

slope of ground is to decrease the cost of construction the sewers. The
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required pipe size (diameter) is chosen by trial and error as follow: (1)
beginning with the minimum size (20 cm), the full capacity of selected pipe
(Qrun) a a given slope and diameter is obtained from the tables (Appendix),
(2) calculate the ratio Qu/Qrui, Where Q, is the total maximum flow rate /s
(column 16), (3) from the table of hydraulic properties for partialy filled
circular sewers given in Appendix, the ratio of h/D is obtained, where d is the
depth of flow and D is the chosen diameter, (4) If the value of h/D > 0.5
choose a larger diameter and repeat the same procedures until the value of
h/D < 0.5. The last values of pipe diameter and full capacity of selected pipe
obtained are given in columns 2 1 and 22.

j.  Theentriesin columns 23 (depth of flow) is calculated by multiply the vaue

of h/D by Diameter.

k. For the same pipe diameter and same ratio of Qu/Qx or /D, the value of full
velocity (Vsyy) and ratio of V/Vyy, is obtained from the tables, where V «ua
IS the minimum partial velocity. The values of minimum velocities are
calculated by multiplying Vs with V/Vy and presented in column 24. And
then use the tables to find V/Viy ratio, where V, here represent the
minimum velocity and calculate the minimum velocity by multiplying
Vp/Viyr with full velocity. The data of minimum velocities are given in

column 25.

The final design of this trunk sanitary sewer is shown in Figures 4.2a-4.7a. The

lengths and diameters of the pipes along with the manholes are shown in this figure.
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4.4 The Proposed Wastewater Collection System

In the proposed study for the wastewater collection system for Al-Samou' town, the
tria is made to design the main trunks of the collection system for year 2032. There
are five main trunks. This section deals with the results of the suggested wastewater

collection network for year 2032.

The appropriate pipe diameters, lengths, land slopes, and location of the manholes
are found by doing the calculations given in the previous section. During and once
the sewer design computations have been completed, aternative alignments have be
examined, and the most cost—and energy—effective alignment has been selected. The
fina results for the appropriate diameters for the proposed wastewater collection
system, slopes and lengths of the pipes are given in Tables 4.2 through 4.5 along
with all relevant data. The calculated velocities, flow rates, and depth of flow in
pipes are given in the same tables. The proposed design of the collection system for

each of the main trunk are plotted separately and shown in Figures 4.8ato 4.15a.

4.5 Profiles of Sewer

The profiles of sewer area assist in the design and are used as the basis of construction
drawings. The profiles are usually prepared for each sewer line a a horizontal and
vertical scale. The profile shows the ground or street surface, tentative manhole
locations, elevation of important subsurface strata such as rock, locations of borings,
all underground structures, basement elevations, and cross streets. A plan of the line

and relevant other structures are usually shown on the same street (McGhee, 1991).
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After al the calculation is completed and al the maps of the proposed collection
system are prepared, detailed profiles for each sewer is drawn. The profiles of sewer
lines are shown in Figures 4.2b-4.15c. These profiles had shown the ground elevation,
the proposed sewer lines, manholes (manholes number and the spacing between the
manholes), depth of excavations, the diameters and slopes of the pipes, and the type of

soil.
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