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ABSTRACT 

Design Of Waste water Collection system And Storm Water 

Drainage system For Sourif Town 

 

Prepared By:  

   INASHAl M AMZAH         HANIA BUA MADI 

AMAMDEH ARWANM HASHANK THAYFAuH 

 

Supervised By:  

Jabari-Eng. Samah Al 

 

The disposal of raw waste water and storm water without treatment creates major 

potential health and environmental problems. in Hebron rural areas, the sewage 

facilities do not exist. 

The people disposal sanitary waste in cesspits, laterains and open drains , the waste 

water has been seeping into the ground through the overflows of the deteriorated 

cesspits and laterains causing serious environmental and health problem . also water 

accumulate on the streets as a result of precipitation, population growth and 

development of the area causing storm water collection low areas and flood streets 

and walk ways. 

Sourif like other towns in the Hebron district has no drainage system for waste water 

and storm water. the people disposal sanitary waste in cesspit, laterains and open 

drain , these laterains and cesspit are deteriorating and they are in very bad condition 

, adding to this the increasing in water consumption and consequently increasing in 

waste water production, resulting in over flows from the cesspits and excessive 

recharges of ground water in Sourif area. Also rapid growth of the area has decrease 
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the open area available for percolation of rain water and has greatly increased the 

runoff to low lying areas . 

The present study considered the annual population growth and their water 

consumption for the coming 25 years that will be the design period for the waste 

water collection system , also estimation of  the accumulated areas , rainfall intensity 

and the quantity of storm water for the storm water drainage system and the 

necessary hydraulic simple calculation . 

The study shows a number of important conclusions . absence of drainage system in 

Sourif town cause problems to the peoples, subsequently there is a big need for 

design and construction of waste water collection system and storm water drainage 

system . gravity flow sewer were proposed for Sourif town to minimize the cost of 

construction and excavations  .  

.      
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BILL OF QUANTITY

5.1 BILL OF QUANTITY FOR THE PROPOSED WASTEWATER

COLLECTION SYSTEM

No. EXCAVATION UNIT QTY

UNIT

PRICE

TOTAL

PRICE

$ C $ C

A1

Excavation of pipes trench in

all kind of soil for one pipe

diameter 8 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM
2000

A2

Excavation of pipes trench in

all kind of soil for one pipe

diameter 10 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 2800

A3

Excavation of pipes trench in

all kind of soil for one pipe

diameter 12 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 4370
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A4

Excavation of pipes trench in

all kind of soil for one pipe

diameter 15 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 2410

A5

Excavation of pipes trench in

all kind of soil for one pipe

diameter 18 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 1015

A6

Excavation of pipes trench in

all kind of soil for one pipe

diameter 24 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 7230

A4

Excavation of pipes trench in

all kind of soil for one pipe

diameter 28 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 2410
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A5

Excavation of pipes trench in

all kind of soil for one pipe

diameter 32 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 1015

A6

Excavation of pipes trench in

all kind of soil for one pipe

diameter 36 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 7230



63

5.2 BILL OF QUANTITY FOR THE PROPOSED STORM WATER

DRAINAGE SYSTEM

No. EXCAVATION UNIT QTY

UNIT

PRICE

TOTAL

PRICE

$ C $ C

A1

Excavation of pipes trench in

all kind of soil for one pipe

diameter 10 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 500

A2

Excavation of pipes trench in

all kind of soil for one pipe

diameter 15 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 450

A3

Excavation of pipes trench in

all kind of soil for one pipe

diameter 18 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 105

A4

Excavation of pipes trench in

all kind of soil for one pipe

diameter 28 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 366
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A5

Excavation of pipes trench in

all kind of soil for one pipe

diameter 36 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 118.5

A6

Excavation of pipes trench in

all kind of soil for one pipe

diameter 65 inch depth and

disposing of the debris and

the top soil unsuitable for

backfill outside  the site

LM 293
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1.1 General 

Drainage is the term applied to systems for dealing with excess water. It is importante for the 

disposal of surplus irrigation water, storm water, and waste water.Water drainage is a natural 

phenomenon which takes place naturaly and depends on the geomorphological and hydrological 

features, water drainage is often considered as minor problem, but with rapid increase in 

population and concequent in all round activities of man, the problem has been accentuated. 

The wide expansion and accelerated development of Sourif Town had led to change in the 

hydrological and geomorphological features and the drainage system had become more complex, 

hence the amount of waste water and running water has increased. At the same time waste water 

collection system and  storm water draiage are not exist.   

In view of this prevailing condition, the drainage system in Sourif Town would have a new 

characteristics and the development of new water drainage is very necessary to drainage waste 

water and excess water from streets. This study is conducted to design a waste water collection 

system and storme water drainage system for Sourif Town.  

Sourif like other town in Palestine have no sewerge facility. The people are using latrines, 

cesspits and few of them use septic tanks, which are emptied by cesspit emptier and tankers from 

time to time. These latrines and cesspits are deteriorating and they are in very bad condition, 

adding to this the increasing water consumption and consequently increasing in waste water 

production resulting in over flows from the cesspits and excessive recharge of ground water in 

Sourif area. For all the reasons mentioned above and since a waste water treatment plant will be 

erected, this evaluation and design  of waste water collection system and storm water collection 

system study for Sourif have been conducted. 

 

1.2 Problem Definition 

The acceleration expansion and developed of Sourif has resulted in increasing of water 

consumption and consequently in generation of large quantities of waste water from various 
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sources such as residential areas, commercial establishments and different industries. Due to the 

absence of waste water collection system, the waste water has been seeping into the ground 

through the overflows of the deteiorated cesspits and latrines that are commonly used in Sourif. 

Moreover, in some areas waste water is flows to the wadis through open drains in different 

routes causing serious environmental and health problems. 

The main damaging consequences of these waste water routes are offensive adors and smells, 

proper media for breeding of mosquitoes, soil contamination and polluting of the existing 

aquifers. The municipality of Sourif is receiving on daily bases complains from the people 

asking a comprehensive solution for the waste water problems in the town.Also water drainage is 

very important due to water a ccumulation on the sheets as a result of heavy preciption (running 

water). 

In view of these bad conditions, and since there is no seweage or storm water networks exist, 

along with fast increasing of the environmental and health problem. The design of waste water 

collection system and storm water drainage system study become a pressing necessity so as to 

solve all problems that were mentioned above. This study 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 industrial development in the area and the amounmt of rainfall 

intensity also will consider. 

 

1.3 Objecives Of The Project 

The main objectives of this project are: 

1. Division of Sourif area into catchment and sub-catchment areas according to existing 

situation and the topographic maps and classifying them into classes. 

2. Estimation of population and their densities for the design period for each catchment area. 

3. Determination of the water consumption and consequently the waste water production 

from the different sources for each catchment area. 
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4. Evaluation of the collected data, propose collection system of the town and design of the 

main trunks of the network. 

5. Estimation of rainfall intensity and then quantities of strom water for each catchment. 

6. Showing the proposed waste water network and strom water network  its parts on different 

maps for different purposes. 

7. Preparation of Bill of Quantities for the main trunks. 

 

 

1.4 Methadology 

1. Many site visits to Sourif town and Municipality were done. 

2. All needed maps and the previous studies that contain different information about Sourif 

were obtained. 

3. The amounts of water consumption for different purposes and consequently the amounts 

of waste water production for each area were obtained. 

4. The amount of storm water for each area. 

5. The different layouts of the proposed waste water collection system and storm water 

drainage system are ploted. 

6. The necssary hydraulic calculation for the two systems and other design reqirements will 

be carried out in the next semester. 

7. Bill of quantity of the designed waste water  main trunks will be prepared with needed 

recommendations. 

8. Finalizing of the project that will contain the report and the needed maps and drawings. 
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1.5 Phases Of The Project 

The project will consist of the four phases and will be completed by Jan 2011 as shown in (Table 

1.1) 

TABLE  1.1:- PhasesOf The ProjectWithTheirExpectedDuration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5.1 First phase:- Data Collection And Survey 

In this phase, available data and information were collected from different sources. Moreover, 

many site visits to both the town and the municipality were done. This phase include the 

following tasks. 

1. Collecting of aerial and topographical maps for all the area. 

2. Collecting of meteorological and hydrological data(temperature, wind  speed, rainfall, 

evapoeration…etc) from different sources. 
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3. Evaluation of town population densities in each zone of the town with their 

waterconsumption and predicting their numbers, densities and their water consumption in 

year 2036. 

 

1.5.2 Second Phase:-Preparing Layout For Two Networks And Calculate The Amount Of 

Waste WaterAnd Storm Water 

In this phase layout will prepared and put in its final shape and then quantities of waste water 

and storm water will determine. 

This phase include the following tasks: 

1. Draw the layout of the two networks and compare it with the real setuation in 

Sourif twon then make adjusment and last draw the final layout this task is the 

most improtant. 

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

town 

3. Determination of the stormwater quantities 

4. Determination of the waste water quantities and projection of the waste water 

production in year 2036. 

 

1.5.3 Third Phase:- Design Of Waste WaterAnd Storm Water Collection Systems 

In this phase the necessary hydraulic calculation needed for the design of the main trunks will be 

carried out. This phase include the following tasks: 

1. Establish a system layout, which includes the areas that are going to be served, existing 

streets and roads, topography…etc. 

2. Establish the catchments and sub-catchments areas and routes of the sewers. 

3. Establish the design criteria and conducting the needed sewer diameter hydraulic 

calculations. 
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4. Preparing needed different drawings for the designed sewers. 

 

1.5.4 Fourth Phase:- Writing The Report And Other Needed Jobs 

After  finishing the design calculation of the main trunks the project team prepared the 

specifications drawing, bill of quantities and preliminary maps.Final report of the project was 

prepared and submitted to the Department of civil and Architectural Engineering at Palestine 

Polytechnic University. 

 

1.6 Organization Of The Project 

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

report consist of six chapters. The first chapter entitled "Introduction" outlines the problem, 

project objectives, and phase of the project. 

 

Chapter two entitled "Chataristics of the project area" presents basic background data and 

information on the object area, water supply, and waste water disposal. 

 

Chapter three entitled " Drainage Systems" deals with municipal sewage systems , types of waste 

water collection systems, storm system, rainfall intensities, sewer appurtenances, flow in sewer, 

design of sewer systems and sewer construction and maintenance. 

Chapter four entitled "Design Criteria" presents information about population and their densities, 

the actual water consumption, land use, time of concentration, rainfall intensity, quantity of 

storm water, and design criteria applicable to the sewerage networks. 

 

Chapter five "Bill of Quantities" deals with the item of the project estimated quantity of each 

item. 

 

Chapter six "Conclusions " discusses the conclusions of the study.   
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2.1 General 

In this chapter, the basic data of Sourif town will be briefly discussed. The topography, 

population water consumption, and waste water production will be briefly presented.  

 

 

2.2 Project Area  

Sourif is situated 18 Km to the north east of Hebron town, as shown on the project location plan 

(Fig2.1), the average hight of the town is 600 m with respect to sea level. The total area of the 

town is about 4960 donum. 

The population within the municipal administrative borders in year 2009 is around 16000 

persons. This population is expected to grow substantially up to the year 2036 planning horizon 

of this project. 

The town is composed of several hills and mountains. The heights of these mountains are range 

between 460 m and 825 m.The topography of Sourifarea is illustrated in Drawing D1 (Apendex 

B). Sourif town  lies on the coordinate lines:   115330.88 – 118779.42  longitude lines .  

155246.78 –157003.24   latitude lines. 

 



8 
 

 

Fig 2.1 Location Plan For Sourif Town 
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2.3 Land Use 

As mentioned earlier, the land area of Sourif town is approximately 4960 donum. There is no 

clear town plan defining land use in the various zones of Sourif. The land use can be distributed 

as follows:- 

1. Old town : This area is consists of old buildings which have a historical importance, these 

buildings are used as resedinces, workshops, public building, and cemetry. Some of these 

buildings are very old and to be maintained. 

2. Old town surrounding: The land use of Sourif town(shown in Fig 2.2) is distributed as 

follow :- 

1. Habitation area, food stories, workshop building, public buildings. 

2. Agricultural areas. 

3. Roads. 
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Fig 2.The land use of Sourif town 
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2.4 Road Network 

There are two main roads link the town with neighbour  towns and villages: 

The road link the town with road number 60 (Jerusalem-Hebron road).The road that link the 

town with neighbour villags Kharas, Noba….etc. 

These roads need to be repaired, expanded or modified. The expansion sometimes become 

impossible due to the buildings that surround these roads. The best alternatives is to find an 

external roads network that links between the two entrances of the town and between those 

entrances and internal roads. The town has poor internal roads network. 

 

 

2.5 Meteorological Data 

The hydrology of the region depends primarily on its climate, and secondarily on its topography. 

Climate is largely dependent on geographical position of the earth surface; humidity, 

temperature, and wind. These factors affect are affecting evaporation and transpiration. So this 

study will include needed data about these factors, since they play big role in the determination 

of water demand. 

The climate of Sourif tends to be cold in winter with limited amount of rain, and warm in 

summer with relative humid. 

 

2.5.1 Rainfall 

The average annual rainfall in Sourif town for the last five year is approximately 300-400 mm. 

The maximum annual rainfall in the period from 2005 to 2010 is 330.1 mm. This was in year 

2005/2006.The minimum annual rainfall is 268.8mm, which was in the year 2009/2010 Table 

(2.1) shows the monthly rainfall and number of raining days during the period from 2005-2010. 
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Table 2.1 Monthly Rainfall AndNumber Of Raining Days During The Period From 2005-

2010 

 

2.5.2 Temperature 

The temperature is characterized by considerable variation between summer and winter times. 

The mean temperature values at Sourif town for the period 1995 to 2000 are given in below. 

 The Mean maximum temperature:                    31˚C 

 The Mean minimum temperature:                       8˚C                       

 The Mean Maximum temperature record:         30˚C 

 The Mean Minimum temperature record:         4.4˚C 

 

2.5.3 Relative Humidity 

Since Sourif is situated at considerable distance from the sea in a mountains region on the 

outskirts of the desert, Sourif has low values of relative humidity compared to those in the plains. 

the relative humidity in Sourif town range from 54-78%, it reaches the maximum value in 

January(78%). 
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2.5.4 Wind 

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 a rounds noon from southwest and west, and at 

night from west and northwest. In summer, northeasterly wind blows all day long. According to 

data obtained from Meteorological Station, average wind in winter is about 9.8km/h and in 

summer 5.4km/h. 
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3.1 WASTE WATER COLLECTION SYSTEM DESIGN 

 

3.1.1 General 

Once used for its intended purposes, the water supply  of a community is considered to be waste 

water. The individual conduits used to collect and transport waste water to the treatment facilities 

or to the point of disposal are called sewers. 

 

There are three types of sewers: sanitary, storm, and combined. Sanitary sewers are designed to 

carry waste water from residential, commercial, and industrial areas, and a certain amount of 

infiltration /inflow that may enter the system due to deteriorated conditions of sewers and 

manholes. Storm sewers are exclusively designed to carry the storm water. Combined sewers are 

designed to carry both the sanitary and the storm flows. 

 

The network of sewers used to collect waste water from a community is known as waste water 

collection system. The purpose of this chapter is to define the types of sewers used in the 

collection systems, types of waste water collection systems that are used, the appurtenances used 

in conjunction with sewers, the flow in sewers, the design of sewers, and the construction and 

maintenance of sewers. 

 

3.1.2  Municipal Sewerage System 

Types Of Sewers  

The types and sizes of sewers used in municipal collection system will vary with size of the 

collection system and the location of the waste water treatment facilities. The municipal or the 

community sewerage system consists of (1) building sewers (also called house connections), (2) 

laterals or branch sewers, (3) main and submain sewers, (4) trunk sewers. 

 

House sewers connect the building plumbing to the laterals or to any other sewer lines mentioned 

above. Laterals or branch sewers convey the waste water to the main sewers. Several main sewers 
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connect to the trunk sewers that convey the waste water to large intercepting sewers or the 

treatment plant. 

 

The diameter of a sewer line is generally determined from the peak flow that the line must carry 

and the local sewer regulations, concerning the minimum sizes of the laterals and house 

connections. The minimum size recommended for gravity sewer is 200 mm  (8 inch). 

 

Sewer Materials  

Sewers are made from concrete, reinforced concrete, vitrified clay, asbestos cement, brick 

masonry, cast iron, ductile iron, corrugated steel, sheet steel, and plastic or polyvinylchloride or 

ultra polyuinyl chloride. Concrete and ultra polyvinyl chlorides are the most common materials 

for sewer construction. 

 

3.1.3 Types Of Waste Water Collection Systems 

Gravity Sewer System 

Collecting both waste water and storm water in one conduit (combined system) or in separate 

conduits (separate system). In this system, the sewers are partially filled. A typical characteristic 

is that the gradients of the sewers must be sufficient to create self-cleansing velocities for the 

transportation of sediment. These velocities are 0.6 to 0.7 m/s minimum when sewers are 

flowing full or half-full. Manholes are provided at regular intervals for the cleaning of sewers. 

 

Pressure Type System 

Collecting waste water only. The system, which is entirely kept under pressure, can be compared 

with a water distribution system. Sewage from an individual house connection, which is 

collected in manhole on the site of the premises, is pumped into the pressure system. There are 

no requirements with regard to the gradients of the sewers. 
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Vacuum Type System 

Collecting waste water only in an airtight system. A vacuum of 5-7 m is maintained in the 

system for the collection and transportation of the waste water. There is no special requirement 

for the gradients of the sewers. 

 

Pressure and vacuum–types systems require a comparatively high degree of mechanization, 

automation and skilled manpower. They are often more economical than gravity system, when 

applied in low population density and unstable soil conditions. Piping with flexible joints has to 

be used in areas with expansive soils. 

 

3.1.4 Sewer Appurtenances  

 Manholes 

Manholes should be of durable structure, provide easy access to the sewers for maintenance, and 

cause minimum interference to the sewage flow. Manholes should be located at the start and at 

the end of the line, at the intersections of sewers, at changes in grade, size and alignment except 

in curved sewers, and at intervals of 35-50 m in straight lines. 

 

The general shapes of the manholes are square, rectangular or circular in plan, the latter is 

common. Manholes for small sewers are generally 1.0-1.2 m in diameter. For larger sewers 

larger manhole bases are provided. The maximum spacing of manholes is 35-50 m depending on 

the size of sewer and available size of sewer cleaning equipment (Qasim, 1985). 

 

Standard manholes consist of base, risers, top, frame and cover, manhole benching, and step-

iron. The construction materials of the manholes are usually precast concrete sections, cast in 

place concrete or brick. Frame and cover usually made of cast iron and they should have 

adequate strength and weight.  
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Drop Manholes 

A drop manhole is used where an incoming sewer, generally a lateral, enters the manhole at a 

point more than about 0.6 m above the outgoing sewer. The drop pipe permits workmen to enter 

the manhole without fear of being wetted, avoid the splashing of sewage and corrosion of 

manhole bottom (Hammer 1977). 

 

House Connections 

The house sewers are generally 10-15 cm in diameter and constructed on a slope of 2% m/m. 

house connections are also called, service laterals, orservice connections. Service connections 

are generally provided in the municipal sewers during construction. While the sewer line is under 

construction, the connections are conveniently located in the form of wyes or tees, and plugged 

tightly until service connections are made. In deep sewers, a vertical pipe encased in concrete is 

provided for house connections. 

 

3.1.5 Design Parameters 

Population 

     The ideal approach for population forecasting is by the evaluation and using the previous 

census records, which cover along period. The longer the period, and the more comprehensive 

census data, the more accurate will be the result which will be obtained. In the analysis of these 

data demographical, economic and political factors should be considered in order to develop a 

method of forecasting which will predict the expected growth rate , future population and their 

distribution in the different zones of the area. 

 

In the town of Sourif, as well as other Palestinian cities and towns, there is great uncertainty in 

the political future. 
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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 assumption 

have therefore been made to project the future population of the town of Sourif over next 25 

year. 

 

Population Forecast 

     Prediction of the future population of Sourif 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 Sourif. The base for the 

forecasting is the 2009 population for Sourif obtained from PCBS of 16000 inhabitants. The rate 

of population growth for the purpose of our study was based on estimation used for other towns 

of similar population composition and characteristics. 

 

The rate of population growth in other town in West Bank is 3.5%. A grater rate of growth was 

assumed for the town of Gaza. 

Therefore the rate of 3.5% per year was used for the future growth of the population of Sourif 

town. 

 

To calculate the population for the end of the design period (year 2036), a geometric increase is 

assumed, represented by the following equation: 

     (   )
                                 (3.1) 

In which, P is future population,    is present population, R is annual population growth rate, 

and n is the period of projection. 
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Using the above assumption and equation, Table 3.1 presents the population projection up to the 

design horizon of 2036. The data show that the population of Sourif is estimated to be 52512 in 

year 2036. 

Table3.1Population Forecasts For Sourif 

Year 2009 2011 2016 2021 2026 2031 2036 

Population 16000 17472 21773 27134 33814 42138 52512 

 

2. Flow Rate Projections  

The total waste water flow in sanitary sewers for municipal area is made up of two components: 

(1) Residential area (2) infiltration. Sanitary sewers are designed for peak flows from residential 

and peak infiltration allowance for the entire service area. Theflow rateprojections are 

necessary to determine the required capacities of sanitary sewers. 

3. The Peak Coefficient 

In general, this coefficient increases when the average flow decrease, 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 =1.5 + 2.5 /√ q                                (3.2) 

Where, q (in l/s) is the daily average flow rate of the network branch under consideration and Pf 

is the peak factor.  

 

4. Hydraulic Design   

As mentioned earlier and according to usual practice, the sewers will be designed for gravity 

flow using Manning’s formula: 

V = (1/n) R
2/3

 S
1/2

(3.3) 

Depending on pipe materials, the typical values of n is 0.015 

5. Minimum And Maximum Velocities 
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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 , 

Usually, maximum sewer velocities are limited to about 3 m/s in order to limit abrasion and 

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

 

6. Pipes And Sewers 

Experience indicates a minimum diameter of 200 mm (8 in) for sewer pipes. For house 

connections. 

Pipe Materials: Different pipe materials may be recommended for the sewers. Polyvinyl 

chloride, vitrified clay or polyethylene material for small size pipes (approximately up to the size 

400 mm in diameter). 

Centrifugal cast reinforced concrete pipes may be used for larger diameter. 

7.  Manholes  

Manholes should be located at changes in size, slope direction or junction with secondary sewer. 

Manholes spacing generally does not exceed 50 m. 

 

8.  Sewer Slope
 

For a circular sewer pipe, the slope must be between the minimum and maximum slope, the 

minimum and maximum slope is determined from minimum and maximum velocity. Generally 

the natural ground slope is used because it is the technical and economic solution, the solution is 

therefore recommended. 

 

9. Depth of Sewer Pipe 

The depth of sewers is generally 1.5 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 1.5 m below basement floor 

(Qasim, 1985). 
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 Important Numbers 

 Maximum velocity = 3 m/s 

 Minimum velocity = 0.6 m/s 

 Maximum slope = 15% 

 Minimum slope = 0.5% 

 H/D = 50% 

 Minimum diameter 200 mm 

 Maximum diameter 600 mm 

 Minimum cover 1.5 m 

 Maximum cover 5 m 

 

 

After the preliminary sewer layout plan is prepared, the design computations are accomplished. 

Design computations for sewers are repetitious and therefore, are best performed in a tabular 

format. Table 3.2 is typical of the way in which data can be organized to facilitate computations 

for closed system.  
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3.2 STORM WATER DRAINAGE SYSTEM DESIGN 

 

3.2.1 General  

Rapid effective removal of storm runoff was a luxury not found in many cities in the early 

nineteenth century. Today, the modern city dweller has come to think of this as an essential 

service. Urban drainage facilities have progressed from crude ditches and stepping stones to the 

present intricate coordinates systems of curbs, gutters, inlets, and underground conveyance.                                                                                           

 

The design must consider meteorological factors, geomorphologic factors, and the economic 

value of the land, as well as human value considerations such as aesthetic and public safety 

aspects of the design.  The design of storm water detention basins should also consider the 

possible effects of inadequate maintenance of the facility 

 

3.2.2 Storm Water Runoff 

Storm water runoff is that portion of precipitation which flows over the ground surface during 

and a short time after a storm. The dependence parameters that controlled the quantity of the 

storm water which carried by a storm or combined sewer are the surface of the drainage area (A, 

ha), the intensity of the rainfall (i, l/s.ha), and runoff coefficient C dimensionless (the condition 

of the surface). There are many methods and formulas to determine the storm flow, and in all of 

them above parameters show up. One of the most common methods is Rational method which 

will be discussed below. 

 

Rational Method 

The rational method has probably been the most popular method for designing storm systems.  It 

has been applied all over the world and runoff is related to rainfall intensity by the formula,  

Q = C .i .A          3.4 

Where   

Q = peak runoff rate (l/sec)  
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            C = runoff coefficient, which is actually the ratio of the peak runoff rate to the       

average rainfall for a period known as the time of concentration. 

             i = average rainfall intensity, mm/min, for period equal to the time of concentration         

                                                                                 

            A =   drainage area, hectar 

 

For small catchments areas, it continues to be a reasonable method, provided that it is used 

properly and that results and design concepts are assessed for reasonableness. This procedure is 

suitable for small systems where the establishment of a computer model is not warranted.  

 

The steps in the rational method calculation procedure are summarised below: 

1. The drainage area is first subdivided into sub-areas with homogeneous land use according to 

the existing or planned development.  

2. For each sub-area, estimate the runoff coefficient C and the corresponding area A.  

3. The layout of the drainage system is then drawn according to the topography, the existing or 

planned streets and roads and local design practices.  

4. Inlet points are then defined according to the detail of design considerations.  For main drains, 

for example, the outlets of the earlier mentioned homogeneous sub-areas should serve as the 

inlet nodes.  On the other hand in very detailed calculations, all the inlet points should be 

defined according to local design practices.  

5. After the inlet points have been chosen, the designer must specify the drainage sub-area for 

each inlet point A and the corresponding mean runoff coefficient C.  If thesub-area for a 

given inlet has non-homogeneous land use, a weighted coefficient may be estimated.  

6. The runoff calculations are then done by means of the general rational method equations for 

each inlet point, proceeding from the upper parts of the watershed to the final outlet.  The 
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peak runoff, which is calculated at each point, is then used to determine the size of the 

downstream trunk drain using a hydraulic formula for pipes flowing full.  

7.  After the preliminary minor system is designed and checked for its interaction withthe major 

system, reviews are made of alternatives, hydrological assumptions areverified, new 

computations are made, and final data obtained on street grades and elevations. The engineer 

then should proceed with final hydraulic design of the system. 

Runoff Coefficient, C 

Runoff coefficient is a function of infiltration capacity, interception by vegetation, depression 

storage, and evapotranspiration. It is requires greatest exercise of judgment by engineer and 

assumed constant, actually variable with time. It is desirable to develop composite runoff 

coefficient (weighted average) for each drainage area as: 

 

(3.5) 

 

Where   Ai = i
th

 area. 

Ci = i
th

 runoff coefficient. 

 

The range of coefficients with respect to general character of the area is given in the following 

tables (Table 3.2 and Table 3.3). 

 

Table 3.3 The Range Of Coefficient With Respect to General Character Of The       Area 

(Sarikaya, 1984) 

Description of Area Runoff Coefficients 

Business  

Down town 

Neighborhood 

0.70 to 0.95 

0.50 to 0.70 

Residential 





Ai

AiCi
C

.
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Single-Family 

Multi-unit, detached 

Multi-unit, attached 

0.30 to 0.50 

0.40 to 0.60 

0.60 to 0.75 

Residential (suburban) 0.25 to 0.40 

Apartment 0.50 to 0.70 

Industrial 

Light 

Heavy 

0.50 to 0.80 

0.60 to 0.90 

Parks, Cemeteries 0.10 to 0.25 

Playground 0.20 to 0.35 

Railroad yard 0.20 to 0.35 

Unimproved 0.10 to 0.30 

 

 

Table 3.4The Range of Coefficient With Respect to Surface Type of the Area 

(Sarikaya, 1984) 

Character of Surface Runoff Coefficients 

Pavement 

Asphalt and concrete 

Brick 

0.70 to 0.95 

0.70 to 0.85 

Lawns, Sandy soil 

Flat, 2 percent 

Average,2to7percent 

Steep, 7 percent 

0.05 to 0.10 

0.10 to 0.15 

0.15 to 0.20 

Roofs 0.75 to 0.95 

Lawns, heavy soil 
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Flat, 2 percent 

Average,2 to 7percent 

Steep, 7 percent 

0.13 to 0.17 

0.18 to 0.22 

0.25 to 0.35 

 

Rainfall Intensity, i 

In determining rainfall intensity for use in rational formula it must be recognized that the shorter 

the duration, the greater the expected average intensity will be. The critical duration of rainfall 

will be that which produces maximum runoff and this will be that which is sufficient to produce 

flow from the entire drainage area. Shorter periods will provide lower flows since the total area 

is not involved and longer periods will produce lower average intensities. The storm sewer 

designer thus requires some relationship between duration and expected intensity. Intensities 

vary from place to another and curves or equations are specified for the areas for which they 

were developed. 

The rainfall intensity depends on many factors through which we can do our calculations; we can 

list these factors as follow:    

1. Average frequency of occurrence of storm (1/n) or (f). 

Average frequency of occurrence is the frequency with which a given event is equaled or 

exceeded on the average, once in a period of years. Probability of occurrence, which is the 

reciprocal of frequency, (n) is preferred by sum engineers. Thus, if the frequency of a rain 

once a 5-year (1/n=5), then probability of occurrence n=0.20. Selection of storm design 

rain frequency based on cost-benefit analysis or experience. There is range of frequency of 

often used:  

a.  Residential area:   f = 2 to 10 years (5 year most common). 

b. Commercial and high value districts: f = 10 to 50 (15 year common). 

c. Flood protection:  f = 50 year.   

 

2. Intensity, duration and frequency characteristics of rainfall. 
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Basic data derived from gage measurement of rainfall (Point rainfall) over a long   period can be 

used to obtain a rainfall height diagram that show the relation   between the height of rain (mm) 

and time (min). The slope of the curve or rain height per unit time is defined as rain intensity:  

i= (Δ height of rain / Δ time) 








min

mm
 

The rain intensity in liter per second . hectare is equal: 











min
7.166)

.
(

mm
i

has

l
i  

in order to drive intensity-duration-frequency curves long-term observation of   rainfall is 

needed. Analysis of such observation is given in any text in sanitary engineering.  

 

3.  Time of Concentration 

The time of concentration is the time required for the runoff to become established and flow 

from the most remote part (in time) of the drainage area to the point under design. 

 (3.6)fic ttt  

Where    tc: time of concentration. 

ti: inlet time. 

tf: flow time. 

 

Time of flow in storm, tf = 
(v) flow ofVelocity 

(L) line pipe ofLength 

 

 

Inlet time (ti): is the time required for water to flow over ground surface and along gutters to 

drainage inlet. Inlet time is function of rainfall intensity, surface slope, surface roughness, flow 

distance, and infiltration capacity and depression storage. 

 

3.2.3 Hydraulic Consideration 

Waste water systems and (storm water) are usually designed as open channels except where lift 

stations of the flows, and the fact that an unconfined or free surface exists. The driving are 
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required to overcome topographic barriers. The hydraulic problems associated with these flows 

are complicated in some cases by the quality of the fluid, the highly variable nature force for 

open-channel flow and sewer flow is gravity. For the hydraulic calculations of sewers, it is 

usually assumed uniform flow in which the velocity of flow is constant, and steady flow 

condition in which the rate discharge at any point of a sewer remains constant (Metcalf,1982).  

 

Hydraulic design equations 

In principle all open channel flow formulas can be used in hydraulic design of sewer pipes. The 

following are the most important formulas:  

 

1. Chezy's formula:  

RSCV  (3.7) 

      Where    V:     the velocity of flow (m/s). 

 

C:   the Chezycoefficient; where m = 0.35 for concrete pipe or  0.25 for vitrified clay pipe 

Rm

R
C




100

 

      R:    the hydraulic radius (m) 

      S:    the slope of the sewer pipe (m/m). 

 

2.   Darcy-Weisbach formula: It is not widely used in waste water collection design and 

evaluation because a trial and error solution is required to determine pipe size for a given flow 

and head loss, since the friction factor is based on the relative roughness which involves the 

pipe diameter, making it complicated. Darcy-Weishbach formula states that   

gD

VL
H

2

2




                                       (3.8) 

 Where    H:  the pressure head loss ( mwc ). 

 L:   the length of pipe (m). 

 D:   the diameter of pipe (m) 
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λ :  the dimensionless friction factor generally varying between  0.02  to  0.075.  

 

3.  The Manning formula: Manning’s formula, though generally used for gravity conduits like 

open channel, it is also applicable to turbulent flow in pressure conduits and yields good 

results, provided the roughness coefficient n is accurately estimated. Velocity, according to 

Manning’s equation is given by:  

V = (1/n)  R
2/3

S
1/2

(3.9) 

 

 Where    n:   the Manning's roughness coefficient [1/n (kstr) = 75 m/s
1/3

]. 

R:  the hydraulic radius = area /wetted perimeter ( R = A/P ) 

  For circular pipe flowing full, R= ( D/4 ). 

  For open channel flowing full, R= [( b*d )/ ( b+2d )]. 

The Manning's roughness coefficient depends on the material and age of the conduit. Commonly 

used values of n for different materials are given in Table (3.4). 

 

Table 3.5 Common Values Of Roughness Coefficient Used In The Manning  Equation 

(Sarikaya, 1984) 

Material Commonly Used Values of n 

Concrete 0.013 and 0.015 

Vitrified clay 0.013 and 0.015 

Cast iron 0.013 and 0.015 

Brick 0.015 and 0.017 

Corrugated metal pipe 0.022 and 0.025 

Asbestos cement 0.013 and 0.015 

Earthen channels 0.025 and 0.003 

PVC 0.015 
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Hydraulics Of Partially Field Section 

The filling rate of a sewer is an important consideration, as sewers are seldom running full, so 

storm water sewers designed for 70% running full, that is means only 70% of the pipe capacity 

should be utilized to carry the peak flow. 

 

Partially filled sewers are calculated by using partial flow diagram and tables indicating the 

relation between water depth, velocity of flow and rate flow .The hydraulic characteristics are 

similar as for open channels, but the velocity of flow is reduced by increased air friction in the 

pipe with increasing water level, particularly near the top of the pipe.  The velocity of flow and 

the flow rate are reduced at filling rates between 60% and 100%; the water level in the pipe is 

unstable at filling rates above 90% or 95%. 

 

3.2.4 Storm Water Sewers Design 

Designing a community storm system is not a simple task. It requires considerable experience 

and a great deal of information to make proper decisions concerning the layout, sizing, and 

construction of a storm network that is efficient and cost-effective. The design engineer needs to 

generally undertake the following tasks (Qasim, 1985, Peavy, 1985): 

1. Define the service area. 

2. Conduct preliminary investigations. 

3. Develop preliminary layout plan and profile.  

4. Selection of design parameters. 

5. Review construction considerations. 

6. Conduct field investigation and complete design and final profiles 

 

Service Area 

Service area is defined as the total area that will eventually be served by the drainage system. 

The service area may be based on natural drainage or political boundaries, or both. It is 

important that the design engineers and project team become familiar with the surface area of the 

proposed project. 
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Preliminary Investigation  

The design engineer must conduct the preliminary investigations to develop a layout plan of the 

drainage system. Site visits and contacts with the city and local planning agencies and state 

officials should be made to determine the land use plans, zoning regulations, and probable future 

changes that may affect both the developed and undeveloped land. Data must be developed on 

topography, geology, hydrology, climate, ecological elements, and social and economic 

conditions. Topographic maps with existing and proposed streets and other utility lines provide 

the most important information for preliminary flow routing (Qasim, 1985).  

If reliable topographic maps are not available, field investigations must be conducted to prepare 

the contours, place bench marks, locate building, utility lines, drainage ditches, low and high 

areas, stream, and the like. All these factors influence the sewer layout. 

 

Layout Plan  

Proper storm sewer layout plan and profiles must be completed before design flows can be 

established. The following is a list of basic rules that must be followed in developing a sewer 

plan and profile. 

1.  Select the site for disposal of the storm water at the end of the network, generally the lowest 

elevation of the entire drainage area. 

2.  The preliminary layout of storm sewers is made from the topographic maps. In                 

general, sewers are located on streets, or on available right-of-way; and sloped in the same 

direction as the slope of the natural ground surface. 

3. The trunk storm sewers are commonly located in valleys. Each line is started from the 

intercepting sewer and extended uphill until the edge of the drainage area is reached, and 

further extension is not possible without working downhill. 

4. Main storm sewers are started from the trunk line and extended uphill intercepting the 

laterals. 

5. Preliminary layout and routing of storm sewage flow is done by considering several feasible 

alternatives. In each alternative, factors such as total length of storm sewers, and cost of 
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construction of laying deeper lines versus cost of construction, operation, and maintenance of 

lift station, should be evaluated to arrive at a cost- effective drainage system.  

6.  After the preliminary storm sewer layout plan is prepared, the street profiles are drawn. 

These profiles should show the street elevations, existing storm sewer lines, and manholes 

and inlets. These profiles are used to design the proposed lines. 

 

Finally, these layout plans and profiles are revised after the field investigations and storm sewer 

designs are complete (Viessman, 1985). 

 

Selection of Design Parameters 

Many design factors must be investigated before storm sewer design can be completed. Factors 

such as design period; peak, average, and minimum flow; storm sewer slopes and minimum 

velocities; design equations …etc. are all important in developing storm sewer design. Many of 

the factors are briefly discussed below. 

 

1. Design Flow Rate 

Storm water sewers should be designed to carry the largest storm that occurred in the period of 

design; commonly it is 5 years because of consideration of the cost and the frequently factors.  

 

2. Minimum Size 

The minimum storm sewer size recommended is 250mm (10″) for closed system, and for open 

channel depend on the type of profile that selected. 

 

3. Minimum and Maximum Velocities 

In storm water sewers, solids tend to settle under low-velocity conditions. Self-cleaning 

velocities must be developed regularly to flush out the solids. Most countries specify minimum 

velocity in the sewers under low flow conditions. The minimum allowable velocity is 1 m/s is 

desirable. This way the lines will be flushed out at least once or twice a day. The maximum 

velocity for storm water system is5 m/s. The maximum velocity is limited to prevent the erosion 

of sewer inverts.       
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4. Slope 

For closed systemminimum slopes determined from minimum velocities, for minimum velocity 

0.9 m/s, the slopes are shown in Table (3.5). 

 

Table 3.6 Minimum Recommended Slopes Of Storm Sewer (n = 0.015)     (Sarikaya, 

1984) 

Pipe Diameter (D) Slope (min) Slope (max) =1/D 

Mm Inch Mm Cm 

250 10 0.00735 0.04 

300 12 0.00576 0.033 

450 18 0.00336 0.0222 

600 24 0.00229 0.0167 

Note: for a velocity of 0.75m/s the slopes shown above should be multiplied by 1.56 

 

Maximum slopes determined from maximum velocities, 1/D (cm) can be used as a guide. For 

open channel, the slope also depends on the profile type, and generally used as the slope of the 

road. 

 

5. Depth 

The depth of storm sewers when using closed system is generally just enough to receive flow but 

not less than 1 m below the ground surface. Depth depends on the water table, lowest point to be 

served, topography, and the freeze depth. But for the open channel it is at the ground surface. 

 

6. Appurtenances  

Storm Sewer appurtenances include manholes, inlets, outlets and outfall, and others. Appropriate 

storm sewer appurtenances must be selected in design of storm water sewers.  
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7. Design Equations and Procedures 

Storm water sewers are mostly designed to flow partially full. Once the peak, average, and 

minimum flow estimates and made general layout and topographic features for each line are 

established, the design engineer begins to size the sewers. Design equations proposed by 

Manning, Chezy, Gangullet, Kutter, and Scobey have been used for designing sewers and drains. 

The Manning equation, however, has received most widespread application.  This equation is 

expressed below: 

V = (1/n)  R
2/3

S
1/2  

(3.10) 

 

And as mentioned earlier, the runoff flow is calculated using the following formula:   

Q = C.i.A   (3.11) 

 

Various types of nomographs have been developed for solution of problems  involving 

sewers flowing full. Nomographs based on Manning’s equation for circular pipe flowing full 

and variable n values are provided in Fig 3.1. Hydraulic elements of circular pipes under 

partially-full flow conditions are provided in Fig 3.2. It may be noted that the value of n 

decreases with the depth of flows Fig 3.1. However, in most designs n is assumed constant 

for all flow depths. Also, it is a common practice to use d, v, and q notations for depth of 

flow, velocity, and discharge under partial flow condition while D, V, Q notations for 

diameter, velocity, and discharge for sewer flowing full.  

Use of equations 3.3 and 3.8 and Figs 3.1 and 3.2, one can design the drainage system. 
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Fig 3.1 NomographFor Solution Of MainingFormula 
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Fig 3.2 Hydraulic Properties Of Circular Sewer 
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Design Computations  

After the preliminary sewer layout plan and profile are prepared, the design computations are 

accomplished. Design computations for sewers are repetitious and therefore, are best performed 

in a tabular format. Table 3.7 is typical of the way in which data can be organized to facilitate 

computations for closed system.  

 

Preparation of Maps and Profile 

It is important that the detailed drawings be prepared and specifications completed before the 

bide can be requested. The contract drawings should show (1) surface features, (2) depth and 

character of material to be excavated, (3) the existing structures that are likely to be encountered, 

and (4) the details of sewer and appurtenances to be constructed. 

 

Important Numbers 

 Maximum velocity = 5 m/s 

 Minimum velocity = 1 m/s 

 Maximum slope = 15% 

 Minimum slope = 0.5% 

 H/D = 70% 

 Minimum Diameter 250-300 mm 

 Minimum cover 1 m 

 Maximum cover 5 m 
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4.1 WASTE WATER COLLECTION SYSTEM 

 

4.1.1 GENERAL 

In this project, design of waste water collection system for Sourif town  is made, and develop a 

future plans for construction of the collection system, corresponding to the vision of Sourif  

municipality about their future plan zone, in order to reduce the problem causes by missing this 

important part. 

 

In this section, the layout of the system established is presented, and the computation procedures 

and tables are given along the drawings of layout and profiles for all the lines designed. 

 

4.1.2 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 area to be sewered, showing roads, streets, buildings, other utilities, 

topography, and the lowest floor elevation or all buildings to be drained.  

 

In establishing the layout of waste water collection system for Sourif town, the following basic 

steps were followed: 

1. Obtain a topographic map of the area to be served. 

2. Visit the location 

3. Locate the drainage outlet. This is usually near the lowest point in the area and is often 

along a stream or drainage way. In Sourif town, the lowest point is in the North-west part 

of the zone.  

4. Sketch in preliminary pipe system to serve all the contributors. 

5. 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. 
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6. Sewers layout 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. 

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 waste water collection system for Souriftown is illustrated in (Fig 4.1), (Fig 

4.2) and drawing D1, D2 in (Appendix B).  

Four main trunks are located on the layout and each has catchment and sub catchment area. 
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Fig 4.1 A3 sanitary 

 

 

 

 

 

 

 

1. Layout Of Waste Water Collection System (With Contour Lines) Fig4.1 

2. Layout Of Waste Water Collection System (Without Contour Lines) Fig4.2 
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4.1.3 Quantity Of Waste Water 

The detailed design of sanitary sewers involves the selection of appropriate pipe sizes and slopes 

to transport the quantity of waste water expected from the surroundings and upstream areas to 

the next pipe in series, subject to the appropriate design constrains. The design computations in 

the example given below. 

After preparing the layout of the waste water collection system the quality of waste water that 

the system must carry it will be calculated using the data collected about the area. 

 

Example: Design a gravity flow trunk sanitary sewer for the area to outfall (line S2a) in    (Fig 

4.3). The following data will collect and analyzed. 

1. For current water consumption uses 60 l/c.day. 

2. For future water consumption 120 l/c.day. 

3. For current population. 

4. For Population growth rate 3.5%. 

5. For design period 25 year. 

6. The waste water calculates as 80% of the water consumption. 

7. For infiltration allowance use 10% of the domestic sewerage flow. 

8. Peaking factor depending on the formula : 

Pf = 1.5 + (2.5/√q) 
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Solution  

1. Lay out the trunk sewer. Draw a line to represent the proposed sewer Fig 4.3.    

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 35 to 50 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 

4.3. 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 street sewer 

name. 

b. The entries in columns 3 through 5 are used to identify the sewer manholes, their 

numbers and the spacing between each two manholes. 

c. The entries in column 6 used to identify unit sewage. Unit sewage = 80% multiplied 

bythe current consumption density divided area in dounm. 

d. The entries in columns 7 and 8 are used tributary area, column 7 used incremental 

area, column 8 used total area in dounm. 

e. To calculate municipal maximum flow rates columns 9, 10, 11 are used. Column9is 

municipal average sewage flow (unit sewage *total area), the peak factor column 10 

is calculated using equation 3.2 as: Pf = 1.5 + 2.5/ √q, where q = Average industrial 

sewage flow (Column 9). Column 10 represents the actual Pf that we are taken in the 

project. 

f. Column 12 used to calculate the Q max in year 2036, the value of it comes from 

multiply column 10* column 9. Column 12 calculate the infiltration which equal to 

10% fQaverage (10% * column 9).Column 13 used to calculate total average which is 

equal to column 11 + column 12. Column 13 and column 14 used to show the 

maximum flow design for year 2036 which is come from column 12 + column 13. 
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In this section the quantity of waste water for the four main trunks is calculated and it's shown on 

tables in (Appendix A) 

4.1.4 The Proposed Waste Water Collection System 

In the proposed study for the WasteWater Collection System for Sourif Town, the trial is made to 

design the main trunks of the collection system. This section deals with the results of the 

wastewater collection system. 

 

Manholes number , pipes lengths, water consumption, areas, wastewater quantities are found 

doing the calculations given in the previous section and are given in tables (1 -4) in appendix A. 

The appropriate pipe diameters, lengths and slopes, and location of the manholes are found doing 

the calculations on the sewerCAD software program. During and once the sewer design 

computations have been completed, alternative alignments have be examined, and the most cost 

and energy effective alignment has Collection System for the area, slopes ,lengths of the pipes 

,the calculated velocities and flow rates are given in Tables (5-14 ) in Appendix-A. 

 

 

4.1.5 Profiles Of Waste water Pipes  

The profiles of sewer area assist in the design and are used as the basis of construction drawings. 

The profile  is usually prepared for pipe sewer line at a horizontal and vertical scale. The profile 

shows the ground or street surface, inlets locations, elevation of street surface, pipe surface, pipe 

basement. 

 

After all the calculation is completed and all the maps of the proposed waste water collection 

system are prepared, detailed profile for sewer pipe line is drawn. The profile of sewer pipe line 

is shown in Drawing  in Appendix-B. This profile has shown the ground elevation, the proposed 

sewer pipe line. 
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4.2 STORM WATER DRAINAGE SYSTEMDESIGN 

4.2.1 General 

In this project, design of storm water drainage system for the Sourif town, in order to solve the 

problem causes by the cumulative flooded storm water in the streets. 

 

In this chapter, the layout of the system established will be presented followed by discussion of 

detailed design computations and the final design and profile of the suggested storm water 

drainage system. 

 

4.2.2 Layout Of The System 

The first step in designing a storm water drainage system is to establish an overall system layout 

that includes a plan of the area, showing roads, streets, buildings, other utilities, topography. 

In suggesting the layout of storm water drainage system for the Sourif town, the following basic 

steps were followed:  

1. Obtain a topographic map of the area to be served. 

2. Visit the location 

3. Locate the catchment of the site and determine the area of this catchment. 

4. Sketch in preliminary closed pipe system to serve the area. 

5. Sewer layout is followed natural drainage ways so as to minimize 

6. Excavation and pumping requirements. 

7. Establish preliminary pipe diameter that can drain the required water runoff.    

8. Revise the layout so as to optimize flow-carrying capacity at minimum cost. 

The final layout of storm water drainage system for Sourif town is illustrated in the (Fig 4.4) and 

(Fig 4.5) and drawing (D1), (D2) in Appendix B. 
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Fig A3 4.2 storm 

 

1. Layout Of Storm Water Collection System  

(With Contour Line) (Fig 4.4) 

2. Layout Of Storm Water Collection System  

3. (WithoutContour Line)(Fig 4.5) 
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4.2.3 Quantity Of Storm Water 

After preparing the layout of storm water drainage system the quality of storm water that the 

system must carry it will be calculated using the data collected about the area. 

 

Example:Design a gravity flow storm water drainage pipe for the area Sourif town shown in the 

accompanying (Fig 4.6). Assume that the following design criteria have been developed and 

adopted based on an analysis of local conditions and codes. 

1. For weighted Runoff coefficient (C) uses 0.65 

2. For Inlet time (Ti) use 5 minutes 

3. For Concentration time (Tc) use equations 

Tc = ti+ tf(4.2) 

4. For Runoff rate depending on the formula: 

AiCQ ..  (4.3) 

5. For Rainfall intensity use (Fig 4.7). 

 

 

Fig 4.7 The Rainfall Intensity-Duration Curve For Several Areas 
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Solution 

a.  Lay out the storm water sewer. Draw a line to represent the proposed sewer(See Fig 4.6).    

b.  Locate and number the upper and lower points of the line N1a.  

c. The necessary computations for the storm water sewer shown in Fig presented in the Table 

4.2. The data in the table are calculated as follow: 

d. The entries in columns 1 through 6 are used to identify the point locations, their numbers and 

the length between them. 

e. The entries in columns 7 used to identify the sewer area; column 7 shows the partial sewered 

area in hectare. 

f. The entries in columns 8 through 14 are used to calculate the design flow. Runoff coefficient 

(C) is entered in column 8. The partial sewered area in hectare is multiplied by runoff 

coefficient (C) and the result is given in column 9. The cumulative multiplication of the 

sewered area in hectare is multiplied by runoff coefficient (C) are given  in column 10. 

The concentration time is shown in column 11 and rainfall intensity (L/s.ha) is shown in 

column 12. Column 14 shows the quantity of storm water separately between two inlets. 

 

Two main trunks is proposed and located on the layout of the area and the quantity of storm water 

for each is illustrated in table in Appendix A  

 

4.2.4 The Proposed Storm Water Drainage System 

 In the proposed study for the Storm Water Drainage System for Jericho industrial zone, the trial 

is made to design the main trunks of the collection system. This section deals with the results of 

the storm water drainage system. 

 

Manholes number, pipes lengths, water consumption, areas, industrial wastewater quantities are 

found doing the calculations given in the previous section and are given in tables (15-16) in 

appendix A. 

The appropriate pipe diameters, lengths and slopes, and location of the manholes are found doing 

the calculations on the sewer CAD software program. During and once the sewer design 
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computations have been completed, alternative alignments have be examined, and the most cost 

and energy effective alignment has Collection System for the area, slopes ,lengths of the pipes 

,the calculated velocities and flow rates are given in Tables (17-18) in Appendix-A. 

 

4.2.5 Profiles Of Drainage Pipes  

The profiles of sewer area assist in the design and are used as the basis of construction drawings. 

The profile  is usually prepared for pipe sewer line at a horizontal and vertical scale. The profile 

shows the ground or street surface, in lets locations, elevation of street surface, pipe surface, pipe 

basement. 

 

After all the calculation is completed and all the maps of the proposed storm water drainage 

system are prepared, detailed profile for sewer pipe line is drawn. The profile of sewer pipe line 

is shown in Drawings  in Appendix-B. This profile has shown the ground elevation, the proposed 

sewer pipe line. 
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BILL OF QUANTITY 

 

5.1 BILL OF QUANTITY FOR THE PROPOSED WASTEWATER  

COLLECTION SYSTEM 

No. EXCAVATION UNIT QTY 

UNIT 

PRICE 

TOTAL 

PRICE 

$ C $ C 

A1 

Excavation of pipes trench in 

all kind of soil for one pipe 

diameter 8 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

  LM 
  

2000 
    

A2 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 10 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 2800     

A3 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 12 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 4370     
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A4 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 15 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 2410     

A5 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 18 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 1015     

A6 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 24 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 7230     

A4 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 28 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 2410     
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A5 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 32 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 1015     

A6 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 36 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 7230     

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

5.2 BILL OF QUANTITY FOR THE PROPOSED STORM WATER   

DRAINAGE SYSTEM 

No. EXCAVATION UNIT QTY 

UNIT 

PRICE 

TOTAL 

PRICE 

$ C $ C 

A1 

Excavation of pipes trench in 

all kind of soil for one pipe 

diameter 10 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 500     

A2 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 15 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 450     

A3 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 18 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 105     

A4 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 28 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 366     
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A5 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 36 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 118.5     

A6 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 65 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 293     
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CHAPTER SIX 

CONCLUSION 

In this project, the trial is made to design waste water collection system and storm water drainage 

system for Sourif town considering the annual growth of the people and their water consumption 

for the coming 25 years, the water runoff, and catchment area. The result brought out many 

important conclusions. The main conclusions drawn from the present study are summarized 

below: 

1. Sourif town has no sewage facility. The people are using laterains cesspits and septic 

tanks. The waste water has been seeping into the ground through the over flow of the 

deteriorated cesspits and laterains, causing series environmental and health problem also 

storm water collect in law areas and flood streets and walk ways, rapid growth has 

decreased the open areas available for percolation of the rainwater and has greatly 

increased the runoff to low lying areas. 

 

2. The present population of Sourif Town is 16000 person prediction of the future 

population of Sourif Town is estimated depending on 4.58 % growth rate. 

 

3. The present water consumption of Sourif Town is 60 L/c.dayand the future water 

consumption is estimated to be 111 L/c.day depending on 2.5 % increase use rate. 

 

4. The slopes of sewer in the proposed waste water, collection system and storm water 

drainage system are followed the slope of the ground to decrease the cost of construction. 

 

5. For the waste water collection system it is found that there are 4 main catchments in the 

area and each main catchments consists of many sub-catchments. 

 

6. For the storm water drainage system it is found that there are 2  main catchments in the 

area, and each main catchment consists of many sub-catchments. 
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7. For the storm water drainage system we used runoff coefficient(c) equal 0.65 because 

some of the area is agricultural areas. 

 

8. the proposed waste water collection system and storm water drainage system for Sourif 

Town covers most of the areas of the Town.  
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1.1 General 

Drainage is the term applied to systems for dealing with excess water. It is importante for the 

disposal of surplus irrigation water, storm water, and waste water.Water drainage is a natural 

phenomenon which takes place naturaly and depends on the geomorphological and hydrological 

features, water drainage is often considered as minor problem, but with rapid increase in 

population and concequent in all round activities of man, the problem has been accentuated. 

The wide expansion and accelerated development of Sourif Town had led to change in the 

hydrological and geomorphological features and the drainage system had become more complex, 

hence the amount of waste water and running water has increased. At the same time waste water 

collection system and  storm water draiage are not exist.   

In view of this prevailing condition, the drainage system in Sourif Town would have a new 

characteristics and the development of new water drainage is very necessary to drainage waste 

water and excess water from streets. This study is conducted to design a waste water collection 

system and storme water drainage system for Sourif Town.  

Sourif like other town in Palestine have no sewerge facility. The people are using latrines, 

cesspits and few of them use septic tanks, which are emptied by cesspit emptier and tankers from 

time to time. These latrines and cesspits are deteriorating and they are in very bad condition, 

adding to this the increasing water consumption and consequently increasing in waste water 

production resulting in over flows from the cesspits and excessive recharge of ground water in 

Sourif area. For all the reasons mentioned above and since a waste water treatment plant will be 

erected, this evaluation and design  of waste water collection system and storm water collection 

system study for Sourif have been conducted. 

 

1.2 Problem Definition 

The acceleration expansion and developed of Sourif has resulted in increasing of water 

consumption and consequently in generation of large quantities of waste water from various 
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sources such as residential areas, commercial establishments and different industries. Due to the 

absence of waste water collection system, the waste water has been seeping into the ground 

through the overflows of the deteiorated cesspits and latrines that are commonly used in Sourif. 

Moreover, in some areas waste water is flows to the wadis through open drains in different 

routes causing serious environmental and health problems. 

The main damaging consequences of these waste water routes are offensive adors and smells, 

proper media for breeding of mosquitoes, soil contamination and polluting of the existing 

aquifers. The municipality of Sourif is receiving on daily bases complains from the people 

asking a comprehensive solution for the waste water problems in the town.Also water drainage is 

very important due to water a ccumulation on the sheets as a result of heavy preciption (running 

water). 

In view of these bad conditions, and since there is no seweage or storm water networks exist, 

along with fast increasing of the environmental and health problem. The design of waste water 

collection system and storm water drainage system study become a pressing necessity so as to 

solve all problems that were mentioned above. This study 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 industrial development in the area and the amounmt of rainfall 

intensity also will consider. 

 

1.3 Objecives Of The Project 

The main objectives of this project are: 

1. Division of Sourif area into catchment and sub-catchment areas according to existing 

situation and the topographic maps and classifying them into classes. 

2. Estimation of population and their densities for the design period for each catchment area. 

3. Determination of the water consumption and consequently the waste water production 

from the different sources for each catchment area. 
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4. Evaluation of the collected data, propose collection system of the town and design of the 

main trunks of the network. 

5. Estimation of rainfall intensity and then quantities of strom water for each catchment. 

6. Showing the proposed waste water network and strom water network  its parts on different 

maps for different purposes. 

7. Preparation of Bill of Quantities for the main trunks. 

 

 

1.4 Methadology 

1. Many site visits to Sourif town and Municipality were done. 

2. All needed maps and the previous studies that contain different information about Sourif 

were obtained. 

3. The amounts of water consumption for different purposes and consequently the amounts 

of waste water production for each area were obtained. 

4. The amount of storm water for each area. 

5. The different layouts of the proposed waste water collection system and storm water 

drainage system are ploted. 

6. The necssary hydraulic calculation for the two systems and other design reqirements will 

be carried out in the next semester. 

7. Bill of quantity of the designed waste water  main trunks will be prepared with needed 

recommendations. 

8. Finalizing of the project that will contain the report and the needed maps and drawings. 
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1.5 Phases Of The Project 

The project will consist of the four phases and will be completed by Jan 2011 as shown in (Table 

1.1) 

TABLE  1.1:- PhasesOf The ProjectWithTheirExpectedDuration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5.1 First phase:- Data Collection And Survey 

In this phase, available data and information were collected from different sources. Moreover, 

many site visits to both the town and the municipality were done. This phase include the 

following tasks. 

1. Collecting of aerial and topographical maps for all the area. 

2. Collecting of meteorological and hydrological data(temperature, wind  speed, rainfall, 

evapoeration…etc) from different sources. 
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3. Evaluation of town population densities in each zone of the town with their 

waterconsumption and predicting their numbers, densities and their water consumption in 

year 2036. 

 

1.5.2 Second Phase:-Preparing Layout For Two Networks And Calculate The Amount Of 

Waste WaterAnd Storm Water 

In this phase layout will prepared and put in its final shape and then quantities of waste water 

and storm water will determine. 

This phase include the following tasks: 

1. Draw the layout of the two networks and compare it with the real setuation in 

Sourif twon then make adjusment and last draw the final layout this task is the 

most improtant. 

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

town 

3. Determination of the stormwater quantities 

4. Determination of the waste water quantities and projection of the waste water 

production in year 2036. 

 

1.5.3 Third Phase:- Design Of Waste WaterAnd Storm Water Collection Systems 

In this phase the necessary hydraulic calculation needed for the design of the main trunks will be 

carried out. This phase include the following tasks: 

1. Establish a system layout, which includes the areas that are going to be served, existing 

streets and roads, topography…etc. 

2. Establish the catchments and sub-catchments areas and routes of the sewers. 

3. Establish the design criteria and conducting the needed sewer diameter hydraulic 

calculations. 
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4. Preparing needed different drawings for the designed sewers. 

 

1.5.4 Fourth Phase:- Writing The Report And Other Needed Jobs 

After  finishing the design calculation of the main trunks the project team prepared the 

specifications drawing, bill of quantities and preliminary maps.Final report of the project was 

prepared and submitted to the Department of civil and Architectural Engineering at Palestine 

Polytechnic University. 

 

1.6 Organization Of The Project 

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

report consist of six chapters. The first chapter entitled "Introduction" outlines the problem, 

project objectives, and phase of the project. 

 

Chapter two entitled "Chataristics of the project area" presents basic background data and 

information on the object area, water supply, and waste water disposal. 

 

Chapter three entitled " Drainage Systems" deals with municipal sewage systems , types of waste 

water collection systems, storm system, rainfall intensities, sewer appurtenances, flow in sewer, 

design of sewer systems and sewer construction and maintenance. 

Chapter four entitled "Design Criteria" presents information about population and their densities, 

the actual water consumption, land use, time of concentration, rainfall intensity, quantity of 

storm water, and design criteria applicable to the sewerage networks. 

 

Chapter five "Bill of Quantities" deals with the item of the project estimated quantity of each 

item. 

 

Chapter six "Conclusions " discusses the conclusions of the study.   
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2.1 General 

In this chapter, the basic data of Sourif town will be briefly discussed. The topography, 

population water consumption, and waste water production will be briefly presented.  

 

 

2.2 Project Area  

Sourif is situated 18 Km to the north east of Hebron town, as shown on the project location plan 

(Fig2.1), the average hight of the town is 600 m with respect to sea level. The total area of the 

town is about 4960 donum. 

The population within the municipal administrative borders in year 2009 is around 16000 

persons. This population is expected to grow substantially up to the year 2036 planning horizon 

of this project. 

The town is composed of several hills and mountains. The heights of these mountains are range 

between 460 m and 825 m.The topography of Sourifarea is illustrated in Drawing D1 (Apendex 

B). Sourif town  lies on the coordinate lines:   115330.88 – 118779.42  longitude lines .  

155246.78 –157003.24   latitude lines. 
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Fig 2.1 Location Plan For Sourif Town 
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2.3 Land Use 

As mentioned earlier, the land area of Sourif town is approximately 4960 donum. There is no 

clear town plan defining land use in the various zones of Sourif. The land use can be distributed 

as follows:- 

1. Old town : This area is consists of old buildings which have a historical importance, these 

buildings are used as resedinces, workshops, public building, and cemetry. Some of these 

buildings are very old and to be maintained. 

2. Old town surrounding: The land use of Sourif town(shown in Fig 2.2) is distributed as 

follow :- 

1. Habitation area, food stories, workshop building, public buildings. 

2. Agricultural areas. 

3. Roads. 
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Fig 2.The land use of Sourif town 
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2.4 Road Network 

There are two main roads link the town with neighbour  towns and villages: 

The road link the town with road number 60 (Jerusalem-Hebron road).The road that link the 

town with neighbour villags Kharas, Noba….etc. 

These roads need to be repaired, expanded or modified. The expansion sometimes become 

impossible due to the buildings that surround these roads. The best alternatives is to find an 

external roads network that links between the two entrances of the town and between those 

entrances and internal roads. The town has poor internal roads network. 

 

 

2.5 Meteorological Data 

The hydrology of the region depends primarily on its climate, and secondarily on its topography. 

Climate is largely dependent on geographical position of the earth surface; humidity, 

temperature, and wind. These factors affect are affecting evaporation and transpiration. So this 

study will include needed data about these factors, since they play big role in the determination 

of water demand. 

The climate of Sourif tends to be cold in winter with limited amount of rain, and warm in 

summer with relative humid. 

 

2.5.1 Rainfall 

The average annual rainfall in Sourif town for the last five year is approximately 300-400 mm. 

The maximum annual rainfall in the period from 2005 to 2010 is 330.1 mm. This was in year 

2005/2006.The minimum annual rainfall is 268.8mm, which was in the year 2009/2010 Table 

(2.1) shows the monthly rainfall and number of raining days during the period from 2005-2010. 
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Table 2.1 Monthly Rainfall AndNumber Of Raining Days During The Period From 2005-

2010 

 

2.5.2 Temperature 

The temperature is characterized by considerable variation between summer and winter times. 

The mean temperature values at Sourif town for the period 1995 to 2000 are given in below. 

 The Mean maximum temperature:                    31˚C 

 The Mean minimum temperature:                       8˚C                       

 The Mean Maximum temperature record:         30˚C 

 The Mean Minimum temperature record:         4.4˚C 

 

2.5.3 Relative Humidity 

Since Sourif is situated at considerable distance from the sea in a mountains region on the 

outskirts of the desert, Sourif has low values of relative humidity compared to those in the plains. 

the relative humidity in Sourif town range from 54-78%, it reaches the maximum value in 

January(78%). 
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2.5.4 Wind 

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 a rounds noon from southwest and west, and at 

night from west and northwest. In summer, northeasterly wind blows all day long. According to 

data obtained from Meteorological Station, average wind in winter is about 9.8km/h and in 

summer 5.4km/h. 
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3.1 WASTE WATER COLLECTION SYSTEM DESIGN 

 

3.1.1 General 

Once used for its intended purposes, the water supply  of a community is considered to be waste 

water. The individual conduits used to collect and transport waste water to the treatment facilities 

or to the point of disposal are called sewers. 

 

There are three types of sewers: sanitary, storm, and combined. Sanitary sewers are designed to 

carry waste water from residential, commercial, and industrial areas, and a certain amount of 

infiltration /inflow that may enter the system due to deteriorated conditions of sewers and 

manholes. Storm sewers are exclusively designed to carry the storm water. Combined sewers are 

designed to carry both the sanitary and the storm flows. 

 

The network of sewers used to collect waste water from a community is known as waste water 

collection system. The purpose of this chapter is to define the types of sewers used in the 

collection systems, types of waste water collection systems that are used, the appurtenances used 

in conjunction with sewers, the flow in sewers, the design of sewers, and the construction and 

maintenance of sewers. 

 

3.1.2  Municipal Sewerage System 

Types Of Sewers  

The types and sizes of sewers used in municipal collection system will vary with size of the 

collection system and the location of the waste water treatment facilities. The municipal or the 

community sewerage system consists of (1) building sewers (also called house connections), (2) 

laterals or branch sewers, (3) main and submain sewers, (4) trunk sewers. 

 

House sewers connect the building plumbing to the laterals or to any other sewer lines mentioned 

above. Laterals or branch sewers convey the waste water to the main sewers. Several main sewers 
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connect to the trunk sewers that convey the waste water to large intercepting sewers or the 

treatment plant. 

 

The diameter of a sewer line is generally determined from the peak flow that the line must carry 

and the local sewer regulations, concerning the minimum sizes of the laterals and house 

connections. The minimum size recommended for gravity sewer is 200 mm  (8 inch). 

 

Sewer Materials  

Sewers are made from concrete, reinforced concrete, vitrified clay, asbestos cement, brick 

masonry, cast iron, ductile iron, corrugated steel, sheet steel, and plastic or polyvinylchloride or 

ultra polyuinyl chloride. Concrete and ultra polyvinyl chlorides are the most common materials 

for sewer construction. 

 

3.1.3 Types Of Waste Water Collection Systems 

Gravity Sewer System 

Collecting both waste water and storm water in one conduit (combined system) or in separate 

conduits (separate system). In this system, the sewers are partially filled. A typical characteristic 

is that the gradients of the sewers must be sufficient to create self-cleansing velocities for the 

transportation of sediment. These velocities are 0.6 to 0.7 m/s minimum when sewers are 

flowing full or half-full. Manholes are provided at regular intervals for the cleaning of sewers. 

 

Pressure Type System 

Collecting waste water only. The system, which is entirely kept under pressure, can be compared 

with a water distribution system. Sewage from an individual house connection, which is 

collected in manhole on the site of the premises, is pumped into the pressure system. There are 

no requirements with regard to the gradients of the sewers. 
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Vacuum Type System 

Collecting waste water only in an airtight system. A vacuum of 5-7 m is maintained in the 

system for the collection and transportation of the waste water. There is no special requirement 

for the gradients of the sewers. 

 

Pressure and vacuum–types systems require a comparatively high degree of mechanization, 

automation and skilled manpower. They are often more economical than gravity system, when 

applied in low population density and unstable soil conditions. Piping with flexible joints has to 

be used in areas with expansive soils. 

 

3.1.4 Sewer Appurtenances  

 Manholes 

Manholes should be of durable structure, provide easy access to the sewers for maintenance, and 

cause minimum interference to the sewage flow. Manholes should be located at the start and at 

the end of the line, at the intersections of sewers, at changes in grade, size and alignment except 

in curved sewers, and at intervals of 35-50 m in straight lines. 

 

The general shapes of the manholes are square, rectangular or circular in plan, the latter is 

common. Manholes for small sewers are generally 1.0-1.2 m in diameter. For larger sewers 

larger manhole bases are provided. The maximum spacing of manholes is 35-50 m depending on 

the size of sewer and available size of sewer cleaning equipment (Qasim, 1985). 

 

Standard manholes consist of base, risers, top, frame and cover, manhole benching, and step-

iron. The construction materials of the manholes are usually precast concrete sections, cast in 

place concrete or brick. Frame and cover usually made of cast iron and they should have 

adequate strength and weight.  
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Drop Manholes 

A drop manhole is used where an incoming sewer, generally a lateral, enters the manhole at a 

point more than about 0.6 m above the outgoing sewer. The drop pipe permits workmen to enter 

the manhole without fear of being wetted, avoid the splashing of sewage and corrosion of 

manhole bottom (Hammer 1977). 

 

House Connections 

The house sewers are generally 10-15 cm in diameter and constructed on a slope of 2% m/m. 

house connections are also called, service laterals, orservice connections. Service connections 

are generally provided in the municipal sewers during construction. While the sewer line is under 

construction, the connections are conveniently located in the form of wyes or tees, and plugged 

tightly until service connections are made. In deep sewers, a vertical pipe encased in concrete is 

provided for house connections. 

 

3.1.5 Design Parameters 

Population 

     The ideal approach for population forecasting is by the evaluation and using the previous 

census records, which cover along period. The longer the period, and the more comprehensive 

census data, the more accurate will be the result which will be obtained. In the analysis of these 

data demographical, economic and political factors should be considered in order to develop a 

method of forecasting which will predict the expected growth rate , future population and their 

distribution in the different zones of the area. 

 

In the town of Sourif, as well as other Palestinian cities and towns, there is great uncertainty in 

the political future. 
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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 assumption 

have therefore been made to project the future population of the town of Sourif over next 25 

year. 

 

Population Forecast 

     Prediction of the future population of Sourif 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 Sourif. The base for the 

forecasting is the 2009 population for Sourif obtained from PCBS of 16000 inhabitants. The rate 

of population growth for the purpose of our study was based on estimation used for other towns 

of similar population composition and characteristics. 

 

The rate of population growth in other town in West Bank is 3.5%. A grater rate of growth was 

assumed for the town of Gaza. 

Therefore the rate of 3.5% per year was used for the future growth of the population of Sourif 

town. 

 

To calculate the population for the end of the design period (year 2036), a geometric increase is 

assumed, represented by the following equation: 

     (   )
                                 (3.1) 

In which, P is future population,    is present population, R is annual population growth rate, 

and n is the period of projection. 
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Using the above assumption and equation, Table 3.1 presents the population projection up to the 

design horizon of 2036. The data show that the population of Sourif is estimated to be 52512 in 

year 2036. 

Table3.1Population Forecasts For Sourif 

Year 2009 2011 2016 2021 2026 2031 2036 

Population 16000 17472 21773 27134 33814 42138 52512 

 

2. Flow Rate Projections  

The total waste water flow in sanitary sewers for municipal area is made up of two components: 

(1) Residential area (2) infiltration. Sanitary sewers are designed for peak flows from residential 

and peak infiltration allowance for the entire service area. Theflow rateprojections are 

necessary to determine the required capacities of sanitary sewers. 

3. The Peak Coefficient 

In general, this coefficient increases when the average flow decrease, 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 =1.5 + 2.5 /√ q                                (3.2) 

Where, q (in l/s) is the daily average flow rate of the network branch under consideration and Pf 

is the peak factor.  

 

4. Hydraulic Design   

As mentioned earlier and according to usual practice, the sewers will be designed for gravity 

flow using Manning’s formula: 

V = (1/n) R
2/3

 S
1/2

(3.3) 

Depending on pipe materials, the typical values of n is 0.015 

5. Minimum And Maximum Velocities 
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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 , 

Usually, maximum sewer velocities are limited to about 3 m/s in order to limit abrasion and 

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

 

6. Pipes And Sewers 

Experience indicates a minimum diameter of 200 mm (8 in) for sewer pipes. For house 

connections. 

Pipe Materials: Different pipe materials may be recommended for the sewers. Polyvinyl 

chloride, vitrified clay or polyethylene material for small size pipes (approximately up to the size 

400 mm in diameter). 

Centrifugal cast reinforced concrete pipes may be used for larger diameter. 

7.  Manholes  

Manholes should be located at changes in size, slope direction or junction with secondary sewer. 

Manholes spacing generally does not exceed 50 m. 

 

8.  Sewer Slope
 

For a circular sewer pipe, the slope must be between the minimum and maximum slope, the 

minimum and maximum slope is determined from minimum and maximum velocity. Generally 

the natural ground slope is used because it is the technical and economic solution, the solution is 

therefore recommended. 

 

9. Depth of Sewer Pipe 

The depth of sewers is generally 1.5 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 1.5 m below basement floor 

(Qasim, 1985). 
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 Important Numbers 

 Maximum velocity = 3 m/s 

 Minimum velocity = 0.6 m/s 

 Maximum slope = 15% 

 Minimum slope = 0.5% 

 H/D = 50% 

 Minimum diameter 200 mm 

 Maximum diameter 600 mm 

 Minimum cover 1.5 m 

 Maximum cover 5 m 

 

 

After the preliminary sewer layout plan is prepared, the design computations are accomplished. 

Design computations for sewers are repetitious and therefore, are best performed in a tabular 

format. Table 3.2 is typical of the way in which data can be organized to facilitate computations 

for closed system.  
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3.2 STORM WATER DRAINAGE SYSTEM DESIGN 

 

3.2.1 General  

Rapid effective removal of storm runoff was a luxury not found in many cities in the early 

nineteenth century. Today, the modern city dweller has come to think of this as an essential 

service. Urban drainage facilities have progressed from crude ditches and stepping stones to the 

present intricate coordinates systems of curbs, gutters, inlets, and underground conveyance.                                                                                           

 

The design must consider meteorological factors, geomorphologic factors, and the economic 

value of the land, as well as human value considerations such as aesthetic and public safety 

aspects of the design.  The design of storm water detention basins should also consider the 

possible effects of inadequate maintenance of the facility 

 

3.2.2 Storm Water Runoff 

Storm water runoff is that portion of precipitation which flows over the ground surface during 

and a short time after a storm. The dependence parameters that controlled the quantity of the 

storm water which carried by a storm or combined sewer are the surface of the drainage area (A, 

ha), the intensity of the rainfall (i, l/s.ha), and runoff coefficient C dimensionless (the condition 

of the surface). There are many methods and formulas to determine the storm flow, and in all of 

them above parameters show up. One of the most common methods is Rational method which 

will be discussed below. 

 

Rational Method 

The rational method has probably been the most popular method for designing storm systems.  It 

has been applied all over the world and runoff is related to rainfall intensity by the formula,  

Q = C .i .A          3.4 

Where   

Q = peak runoff rate (l/sec)  
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            C = runoff coefficient, which is actually the ratio of the peak runoff rate to the       

average rainfall for a period known as the time of concentration. 

             i = average rainfall intensity, mm/min, for period equal to the time of concentration         

                                                                                 

            A =   drainage area, hectar 

 

For small catchments areas, it continues to be a reasonable method, provided that it is used 

properly and that results and design concepts are assessed for reasonableness. This procedure is 

suitable for small systems where the establishment of a computer model is not warranted.  

 

The steps in the rational method calculation procedure are summarised below: 

1. The drainage area is first subdivided into sub-areas with homogeneous land use according to 

the existing or planned development.  

2. For each sub-area, estimate the runoff coefficient C and the corresponding area A.  

3. The layout of the drainage system is then drawn according to the topography, the existing or 

planned streets and roads and local design practices.  

4. Inlet points are then defined according to the detail of design considerations.  For main drains, 

for example, the outlets of the earlier mentioned homogeneous sub-areas should serve as the 

inlet nodes.  On the other hand in very detailed calculations, all the inlet points should be 

defined according to local design practices.  

5. After the inlet points have been chosen, the designer must specify the drainage sub-area for 

each inlet point A and the corresponding mean runoff coefficient C.  If thesub-area for a 

given inlet has non-homogeneous land use, a weighted coefficient may be estimated.  

6. The runoff calculations are then done by means of the general rational method equations for 

each inlet point, proceeding from the upper parts of the watershed to the final outlet.  The 
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peak runoff, which is calculated at each point, is then used to determine the size of the 

downstream trunk drain using a hydraulic formula for pipes flowing full.  

7.  After the preliminary minor system is designed and checked for its interaction withthe major 

system, reviews are made of alternatives, hydrological assumptions areverified, new 

computations are made, and final data obtained on street grades and elevations. The engineer 

then should proceed with final hydraulic design of the system. 

Runoff Coefficient, C 

Runoff coefficient is a function of infiltration capacity, interception by vegetation, depression 

storage, and evapotranspiration. It is requires greatest exercise of judgment by engineer and 

assumed constant, actually variable with time. It is desirable to develop composite runoff 

coefficient (weighted average) for each drainage area as: 

 

(3.5) 

 

Where   Ai = i
th

 area. 

Ci = i
th

 runoff coefficient. 

 

The range of coefficients with respect to general character of the area is given in the following 

tables (Table 3.2 and Table 3.3). 

 

Table 3.3 The Range Of Coefficient With Respect to General Character Of The       Area 

(Sarikaya, 1984) 

Description of Area Runoff Coefficients 

Business  

Down town 

Neighborhood 

0.70 to 0.95 

0.50 to 0.70 

Residential 





Ai

AiCi
C

.
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Single-Family 

Multi-unit, detached 

Multi-unit, attached 

0.30 to 0.50 

0.40 to 0.60 

0.60 to 0.75 

Residential (suburban) 0.25 to 0.40 

Apartment 0.50 to 0.70 

Industrial 

Light 

Heavy 

0.50 to 0.80 

0.60 to 0.90 

Parks, Cemeteries 0.10 to 0.25 

Playground 0.20 to 0.35 

Railroad yard 0.20 to 0.35 

Unimproved 0.10 to 0.30 

 

 

Table 3.4The Range of Coefficient With Respect to Surface Type of the Area 

(Sarikaya, 1984) 

Character of Surface Runoff Coefficients 

Pavement 

Asphalt and concrete 

Brick 

0.70 to 0.95 

0.70 to 0.85 

Lawns, Sandy soil 

Flat, 2 percent 

Average,2to7percent 

Steep, 7 percent 

0.05 to 0.10 

0.10 to 0.15 

0.15 to 0.20 

Roofs 0.75 to 0.95 

Lawns, heavy soil 
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Flat, 2 percent 

Average,2 to 7percent 

Steep, 7 percent 

0.13 to 0.17 

0.18 to 0.22 

0.25 to 0.35 

 

Rainfall Intensity, i 

In determining rainfall intensity for use in rational formula it must be recognized that the shorter 

the duration, the greater the expected average intensity will be. The critical duration of rainfall 

will be that which produces maximum runoff and this will be that which is sufficient to produce 

flow from the entire drainage area. Shorter periods will provide lower flows since the total area 

is not involved and longer periods will produce lower average intensities. The storm sewer 

designer thus requires some relationship between duration and expected intensity. Intensities 

vary from place to another and curves or equations are specified for the areas for which they 

were developed. 

The rainfall intensity depends on many factors through which we can do our calculations; we can 

list these factors as follow:    

1. Average frequency of occurrence of storm (1/n) or (f). 

Average frequency of occurrence is the frequency with which a given event is equaled or 

exceeded on the average, once in a period of years. Probability of occurrence, which is the 

reciprocal of frequency, (n) is preferred by sum engineers. Thus, if the frequency of a rain 

once a 5-year (1/n=5), then probability of occurrence n=0.20. Selection of storm design 

rain frequency based on cost-benefit analysis or experience. There is range of frequency of 

often used:  

a.  Residential area:   f = 2 to 10 years (5 year most common). 

b. Commercial and high value districts: f = 10 to 50 (15 year common). 

c. Flood protection:  f = 50 year.   

 

2. Intensity, duration and frequency characteristics of rainfall. 
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Basic data derived from gage measurement of rainfall (Point rainfall) over a long   period can be 

used to obtain a rainfall height diagram that show the relation   between the height of rain (mm) 

and time (min). The slope of the curve or rain height per unit time is defined as rain intensity:  

i= (Δ height of rain / Δ time) 








min

mm
 

The rain intensity in liter per second . hectare is equal: 











min
7.166)

.
(

mm
i

has

l
i  

in order to drive intensity-duration-frequency curves long-term observation of   rainfall is 

needed. Analysis of such observation is given in any text in sanitary engineering.  

 

3.  Time of Concentration 

The time of concentration is the time required for the runoff to become established and flow 

from the most remote part (in time) of the drainage area to the point under design. 

 (3.6)fic ttt  

Where    tc: time of concentration. 

ti: inlet time. 

tf: flow time. 

 

Time of flow in storm, tf = 
(v) flow ofVelocity 

(L) line pipe ofLength 

 

 

Inlet time (ti): is the time required for water to flow over ground surface and along gutters to 

drainage inlet. Inlet time is function of rainfall intensity, surface slope, surface roughness, flow 

distance, and infiltration capacity and depression storage. 

 

3.2.3 Hydraulic Consideration 

Waste water systems and (storm water) are usually designed as open channels except where lift 

stations of the flows, and the fact that an unconfined or free surface exists. The driving are 
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required to overcome topographic barriers. The hydraulic problems associated with these flows 

are complicated in some cases by the quality of the fluid, the highly variable nature force for 

open-channel flow and sewer flow is gravity. For the hydraulic calculations of sewers, it is 

usually assumed uniform flow in which the velocity of flow is constant, and steady flow 

condition in which the rate discharge at any point of a sewer remains constant (Metcalf,1982).  

 

Hydraulic design equations 

In principle all open channel flow formulas can be used in hydraulic design of sewer pipes. The 

following are the most important formulas:  

 

1. Chezy's formula:  

RSCV  (3.7) 

      Where    V:     the velocity of flow (m/s). 

 

C:   the Chezycoefficient; where m = 0.35 for concrete pipe or  0.25 for vitrified clay pipe 

Rm

R
C




100

 

      R:    the hydraulic radius (m) 

      S:    the slope of the sewer pipe (m/m). 

 

2.   Darcy-Weisbach formula: It is not widely used in waste water collection design and 

evaluation because a trial and error solution is required to determine pipe size for a given flow 

and head loss, since the friction factor is based on the relative roughness which involves the 

pipe diameter, making it complicated. Darcy-Weishbach formula states that   

gD

VL
H

2

2




                                       (3.8) 

 Where    H:  the pressure head loss ( mwc ). 

 L:   the length of pipe (m). 

 D:   the diameter of pipe (m) 
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λ :  the dimensionless friction factor generally varying between  0.02  to  0.075.  

 

3.  The Manning formula: Manning’s formula, though generally used for gravity conduits like 

open channel, it is also applicable to turbulent flow in pressure conduits and yields good 

results, provided the roughness coefficient n is accurately estimated. Velocity, according to 

Manning’s equation is given by:  

V = (1/n)  R
2/3

S
1/2

(3.9) 

 

 Where    n:   the Manning's roughness coefficient [1/n (kstr) = 75 m/s
1/3

]. 

R:  the hydraulic radius = area /wetted perimeter ( R = A/P ) 

  For circular pipe flowing full, R= ( D/4 ). 

  For open channel flowing full, R= [( b*d )/ ( b+2d )]. 

The Manning's roughness coefficient depends on the material and age of the conduit. Commonly 

used values of n for different materials are given in Table (3.4). 

 

Table 3.5 Common Values Of Roughness Coefficient Used In The Manning  Equation 

(Sarikaya, 1984) 

Material Commonly Used Values of n 

Concrete 0.013 and 0.015 

Vitrified clay 0.013 and 0.015 

Cast iron 0.013 and 0.015 

Brick 0.015 and 0.017 

Corrugated metal pipe 0.022 and 0.025 

Asbestos cement 0.013 and 0.015 

Earthen channels 0.025 and 0.003 

PVC 0.015 
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Hydraulics Of Partially Field Section 

The filling rate of a sewer is an important consideration, as sewers are seldom running full, so 

storm water sewers designed for 70% running full, that is means only 70% of the pipe capacity 

should be utilized to carry the peak flow. 

 

Partially filled sewers are calculated by using partial flow diagram and tables indicating the 

relation between water depth, velocity of flow and rate flow .The hydraulic characteristics are 

similar as for open channels, but the velocity of flow is reduced by increased air friction in the 

pipe with increasing water level, particularly near the top of the pipe.  The velocity of flow and 

the flow rate are reduced at filling rates between 60% and 100%; the water level in the pipe is 

unstable at filling rates above 90% or 95%. 

 

3.2.4 Storm Water Sewers Design 

Designing a community storm system is not a simple task. It requires considerable experience 

and a great deal of information to make proper decisions concerning the layout, sizing, and 

construction of a storm network that is efficient and cost-effective. The design engineer needs to 

generally undertake the following tasks (Qasim, 1985, Peavy, 1985): 

1. Define the service area. 

2. Conduct preliminary investigations. 

3. Develop preliminary layout plan and profile.  

4. Selection of design parameters. 

5. Review construction considerations. 

6. Conduct field investigation and complete design and final profiles 

 

Service Area 

Service area is defined as the total area that will eventually be served by the drainage system. 

The service area may be based on natural drainage or political boundaries, or both. It is 

important that the design engineers and project team become familiar with the surface area of the 

proposed project. 
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Preliminary Investigation  

The design engineer must conduct the preliminary investigations to develop a layout plan of the 

drainage system. Site visits and contacts with the city and local planning agencies and state 

officials should be made to determine the land use plans, zoning regulations, and probable future 

changes that may affect both the developed and undeveloped land. Data must be developed on 

topography, geology, hydrology, climate, ecological elements, and social and economic 

conditions. Topographic maps with existing and proposed streets and other utility lines provide 

the most important information for preliminary flow routing (Qasim, 1985).  

If reliable topographic maps are not available, field investigations must be conducted to prepare 

the contours, place bench marks, locate building, utility lines, drainage ditches, low and high 

areas, stream, and the like. All these factors influence the sewer layout. 

 

Layout Plan  

Proper storm sewer layout plan and profiles must be completed before design flows can be 

established. The following is a list of basic rules that must be followed in developing a sewer 

plan and profile. 

1.  Select the site for disposal of the storm water at the end of the network, generally the lowest 

elevation of the entire drainage area. 

2.  The preliminary layout of storm sewers is made from the topographic maps. In                 

general, sewers are located on streets, or on available right-of-way; and sloped in the same 

direction as the slope of the natural ground surface. 

3. The trunk storm sewers are commonly located in valleys. Each line is started from the 

intercepting sewer and extended uphill until the edge of the drainage area is reached, and 

further extension is not possible without working downhill. 

4. Main storm sewers are started from the trunk line and extended uphill intercepting the 

laterals. 

5. Preliminary layout and routing of storm sewage flow is done by considering several feasible 

alternatives. In each alternative, factors such as total length of storm sewers, and cost of 
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construction of laying deeper lines versus cost of construction, operation, and maintenance of 

lift station, should be evaluated to arrive at a cost- effective drainage system.  

6.  After the preliminary storm sewer layout plan is prepared, the street profiles are drawn. 

These profiles should show the street elevations, existing storm sewer lines, and manholes 

and inlets. These profiles are used to design the proposed lines. 

 

Finally, these layout plans and profiles are revised after the field investigations and storm sewer 

designs are complete (Viessman, 1985). 

 

Selection of Design Parameters 

Many design factors must be investigated before storm sewer design can be completed. Factors 

such as design period; peak, average, and minimum flow; storm sewer slopes and minimum 

velocities; design equations …etc. are all important in developing storm sewer design. Many of 

the factors are briefly discussed below. 

 

1. Design Flow Rate 

Storm water sewers should be designed to carry the largest storm that occurred in the period of 

design; commonly it is 5 years because of consideration of the cost and the frequently factors.  

 

2. Minimum Size 

The minimum storm sewer size recommended is 250mm (10″) for closed system, and for open 

channel depend on the type of profile that selected. 

 

3. Minimum and Maximum Velocities 

In storm water sewers, solids tend to settle under low-velocity conditions. Self-cleaning 

velocities must be developed regularly to flush out the solids. Most countries specify minimum 

velocity in the sewers under low flow conditions. The minimum allowable velocity is 1 m/s is 

desirable. This way the lines will be flushed out at least once or twice a day. The maximum 

velocity for storm water system is5 m/s. The maximum velocity is limited to prevent the erosion 

of sewer inverts.       
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4. Slope 

For closed systemminimum slopes determined from minimum velocities, for minimum velocity 

0.9 m/s, the slopes are shown in Table (3.5). 

 

Table 3.6 Minimum Recommended Slopes Of Storm Sewer (n = 0.015)     (Sarikaya, 

1984) 

Pipe Diameter (D) Slope (min) Slope (max) =1/D 

Mm Inch Mm Cm 

250 10 0.00735 0.04 

300 12 0.00576 0.033 

450 18 0.00336 0.0222 

600 24 0.00229 0.0167 

Note: for a velocity of 0.75m/s the slopes shown above should be multiplied by 1.56 

 

Maximum slopes determined from maximum velocities, 1/D (cm) can be used as a guide. For 

open channel, the slope also depends on the profile type, and generally used as the slope of the 

road. 

 

5. Depth 

The depth of storm sewers when using closed system is generally just enough to receive flow but 

not less than 1 m below the ground surface. Depth depends on the water table, lowest point to be 

served, topography, and the freeze depth. But for the open channel it is at the ground surface. 

 

6. Appurtenances  

Storm Sewer appurtenances include manholes, inlets, outlets and outfall, and others. Appropriate 

storm sewer appurtenances must be selected in design of storm water sewers.  
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7. Design Equations and Procedures 

Storm water sewers are mostly designed to flow partially full. Once the peak, average, and 

minimum flow estimates and made general layout and topographic features for each line are 

established, the design engineer begins to size the sewers. Design equations proposed by 

Manning, Chezy, Gangullet, Kutter, and Scobey have been used for designing sewers and drains. 

The Manning equation, however, has received most widespread application.  This equation is 

expressed below: 

V = (1/n)  R
2/3

S
1/2  

(3.10) 

 

And as mentioned earlier, the runoff flow is calculated using the following formula:   

Q = C.i.A   (3.11) 

 

Various types of nomographs have been developed for solution of problems  involving 

sewers flowing full. Nomographs based on Manning’s equation for circular pipe flowing full 

and variable n values are provided in Fig 3.1. Hydraulic elements of circular pipes under 

partially-full flow conditions are provided in Fig 3.2. It may be noted that the value of n 

decreases with the depth of flows Fig 3.1. However, in most designs n is assumed constant 

for all flow depths. Also, it is a common practice to use d, v, and q notations for depth of 

flow, velocity, and discharge under partial flow condition while D, V, Q notations for 

diameter, velocity, and discharge for sewer flowing full.  

Use of equations 3.3 and 3.8 and Figs 3.1 and 3.2, one can design the drainage system. 
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Fig 3.1 NomographFor Solution Of MainingFormula 

 

 

 

 



37 
 

 

Fig 3.2 Hydraulic Properties Of Circular Sewer 
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Design Computations  

After the preliminary sewer layout plan and profile are prepared, the design computations are 

accomplished. Design computations for sewers are repetitious and therefore, are best performed 

in a tabular format. Table 3.7 is typical of the way in which data can be organized to facilitate 

computations for closed system.  

 

Preparation of Maps and Profile 

It is important that the detailed drawings be prepared and specifications completed before the 

bide can be requested. The contract drawings should show (1) surface features, (2) depth and 

character of material to be excavated, (3) the existing structures that are likely to be encountered, 

and (4) the details of sewer and appurtenances to be constructed. 

 

Important Numbers 

 Maximum velocity = 5 m/s 

 Minimum velocity = 1 m/s 

 Maximum slope = 15% 

 Minimum slope = 0.5% 

 H/D = 70% 

 Minimum Diameter 250-300 mm 

 Minimum cover 1 m 

 Maximum cover 5 m 
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4.1 WASTE WATER COLLECTION SYSTEM 

 

4.1.1 GENERAL 

In this project, design of waste water collection system for Sourif town  is made, and develop a 

future plans for construction of the collection system, corresponding to the vision of Sourif  

municipality about their future plan zone, in order to reduce the problem causes by missing this 

important part. 

 

In this section, the layout of the system established is presented, and the computation procedures 

and tables are given along the drawings of layout and profiles for all the lines designed. 

 

4.1.2 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 area to be sewered, showing roads, streets, buildings, other utilities, 

topography, and the lowest floor elevation or all buildings to be drained.  

 

In establishing the layout of waste water collection system for Sourif town, the following basic 

steps were followed: 

1. Obtain a topographic map of the area to be served. 

2. Visit the location 

3. Locate the drainage outlet. This is usually near the lowest point in the area and is often 

along a stream or drainage way. In Sourif town, the lowest point is in the North-west part 

of the zone.  

4. Sketch in preliminary pipe system to serve all the contributors. 

5. 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. 
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6. Sewers layout 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. 

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 waste water collection system for Souriftown is illustrated in (Fig 4.1), (Fig 

4.2) and drawing D1, D2 in (Appendix B).  

Four main trunks are located on the layout and each has catchment and sub catchment area. 
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Fig 4.1 A3 sanitary 

 

 

 

 

 

 

 

1. Layout Of Waste Water Collection System (With Contour Lines) Fig4.1 

2. Layout Of Waste Water Collection System (Without Contour Lines) Fig4.2 
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4.1.3 Quantity Of Waste Water 

The detailed design of sanitary sewers involves the selection of appropriate pipe sizes and slopes 

to transport the quantity of waste water expected from the surroundings and upstream areas to 

the next pipe in series, subject to the appropriate design constrains. The design computations in 

the example given below. 

After preparing the layout of the waste water collection system the quality of waste water that 

the system must carry it will be calculated using the data collected about the area. 

 

Example: Design a gravity flow trunk sanitary sewer for the area to outfall (line S2a) in    (Fig 

4.3). The following data will collect and analyzed. 

1. For current water consumption uses 60 l/c.day. 

2. For future water consumption 120 l/c.day. 

3. For current population. 

4. For Population growth rate 3.5%. 

5. For design period 25 year. 

6. The waste water calculates as 80% of the water consumption. 

7. For infiltration allowance use 10% of the domestic sewerage flow. 

8. Peaking factor depending on the formula : 

Pf = 1.5 + (2.5/√q) 
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Solution  

1. Lay out the trunk sewer. Draw a line to represent the proposed sewer Fig 4.3.    

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 35 to 50 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 

4.3. 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 street sewer 

name. 

b. The entries in columns 3 through 5 are used to identify the sewer manholes, their 

numbers and the spacing between each two manholes. 

c. The entries in column 6 used to identify unit sewage. Unit sewage = 80% multiplied 

bythe current consumption density divided area in dounm. 

d. The entries in columns 7 and 8 are used tributary area, column 7 used incremental 

area, column 8 used total area in dounm. 

e. To calculate municipal maximum flow rates columns 9, 10, 11 are used. Column9is 

municipal average sewage flow (unit sewage *total area), the peak factor column 10 

is calculated using equation 3.2 as: Pf = 1.5 + 2.5/ √q, where q = Average industrial 

sewage flow (Column 9). Column 10 represents the actual Pf that we are taken in the 

project. 

f. Column 12 used to calculate the Q max in year 2036, the value of it comes from 

multiply column 10* column 9. Column 12 calculate the infiltration which equal to 

10% fQaverage (10% * column 9).Column 13 used to calculate total average which is 

equal to column 11 + column 12. Column 13 and column 14 used to show the 

maximum flow design for year 2036 which is come from column 12 + column 13. 
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In this section the quantity of waste water for the four main trunks is calculated and it's shown on 

tables in (Appendix A) 

4.1.4 The Proposed Waste Water Collection System 

In the proposed study for the WasteWater Collection System for Sourif Town, the trial is made to 

design the main trunks of the collection system. This section deals with the results of the 

wastewater collection system. 

 

Manholes number , pipes lengths, water consumption, areas, wastewater quantities are found 

doing the calculations given in the previous section and are given in tables (1 -4) in appendix A. 

The appropriate pipe diameters, lengths and slopes, and location of the manholes are found doing 

the calculations on the sewerCAD software program. During and once the sewer design 

computations have been completed, alternative alignments have be examined, and the most cost 

and energy effective alignment has Collection System for the area, slopes ,lengths of the pipes 

,the calculated velocities and flow rates are given in Tables (5-14 ) in Appendix-A. 

 

 

4.1.5 Profiles Of Waste water Pipes  

The profiles of sewer area assist in the design and are used as the basis of construction drawings. 

The profile  is usually prepared for pipe sewer line at a horizontal and vertical scale. The profile 

shows the ground or street surface, inlets locations, elevation of street surface, pipe surface, pipe 

basement. 

 

After all the calculation is completed and all the maps of the proposed waste water collection 

system are prepared, detailed profile for sewer pipe line is drawn. The profile of sewer pipe line 

is shown in Drawing  in Appendix-B. This profile has shown the ground elevation, the proposed 

sewer pipe line. 
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4.2 STORM WATER DRAINAGE SYSTEMDESIGN 

4.2.1 General 

In this project, design of storm water drainage system for the Sourif town, in order to solve the 

problem causes by the cumulative flooded storm water in the streets. 

 

In this chapter, the layout of the system established will be presented followed by discussion of 

detailed design computations and the final design and profile of the suggested storm water 

drainage system. 

 

4.2.2 Layout Of The System 

The first step in designing a storm water drainage system is to establish an overall system layout 

that includes a plan of the area, showing roads, streets, buildings, other utilities, topography. 

In suggesting the layout of storm water drainage system for the Sourif town, the following basic 

steps were followed:  

1. Obtain a topographic map of the area to be served. 

2. Visit the location 

3. Locate the catchment of the site and determine the area of this catchment. 

4. Sketch in preliminary closed pipe system to serve the area. 

5. Sewer layout is followed natural drainage ways so as to minimize 

6. Excavation and pumping requirements. 

7. Establish preliminary pipe diameter that can drain the required water runoff.    

8. Revise the layout so as to optimize flow-carrying capacity at minimum cost. 

The final layout of storm water drainage system for Sourif town is illustrated in the (Fig 4.4) and 

(Fig 4.5) and drawing (D1), (D2) in Appendix B. 
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Fig A3 4.2 storm 

 

1. Layout Of Storm Water Collection System  

(With Contour Line) (Fig 4.4) 

2. Layout Of Storm Water Collection System  

3. (WithoutContour Line)(Fig 4.5) 
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4.2.3 Quantity Of Storm Water 

After preparing the layout of storm water drainage system the quality of storm water that the 

system must carry it will be calculated using the data collected about the area. 

 

Example:Design a gravity flow storm water drainage pipe for the area Sourif town shown in the 

accompanying (Fig 4.6). Assume that the following design criteria have been developed and 

adopted based on an analysis of local conditions and codes. 

1. For weighted Runoff coefficient (C) uses 0.65 

2. For Inlet time (Ti) use 5 minutes 

3. For Concentration time (Tc) use equations 

Tc = ti+ tf(4.2) 

4. For Runoff rate depending on the formula: 

AiCQ ..  (4.3) 

5. For Rainfall intensity use (Fig 4.7). 

 

 

Fig 4.7 The Rainfall Intensity-Duration Curve For Several Areas 
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Solution 

a.  Lay out the storm water sewer. Draw a line to represent the proposed sewer(See Fig 4.6).    

b.  Locate and number the upper and lower points of the line N1a.  

c. The necessary computations for the storm water sewer shown in Fig presented in the Table 

4.2. The data in the table are calculated as follow: 

d. The entries in columns 1 through 6 are used to identify the point locations, their numbers and 

the length between them. 

e. The entries in columns 7 used to identify the sewer area; column 7 shows the partial sewered 

area in hectare. 

f. The entries in columns 8 through 14 are used to calculate the design flow. Runoff coefficient 

(C) is entered in column 8. The partial sewered area in hectare is multiplied by runoff 

coefficient (C) and the result is given in column 9. The cumulative multiplication of the 

sewered area in hectare is multiplied by runoff coefficient (C) are given  in column 10. 

The concentration time is shown in column 11 and rainfall intensity (L/s.ha) is shown in 

column 12. Column 14 shows the quantity of storm water separately between two inlets. 

 

Two main trunks is proposed and located on the layout of the area and the quantity of storm water 

for each is illustrated in table in Appendix A  

 

4.2.4 The Proposed Storm Water Drainage System 

 In the proposed study for the Storm Water Drainage System for Jericho industrial zone, the trial 

is made to design the main trunks of the collection system. This section deals with the results of 

the storm water drainage system. 

 

Manholes number, pipes lengths, water consumption, areas, industrial wastewater quantities are 

found doing the calculations given in the previous section and are given in tables (15-16) in 

appendix A. 

The appropriate pipe diameters, lengths and slopes, and location of the manholes are found doing 

the calculations on the sewer CAD software program. During and once the sewer design 
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computations have been completed, alternative alignments have be examined, and the most cost 

and energy effective alignment has Collection System for the area, slopes ,lengths of the pipes 

,the calculated velocities and flow rates are given in Tables (17-18) in Appendix-A. 

 

4.2.5 Profiles Of Drainage Pipes  

The profiles of sewer area assist in the design and are used as the basis of construction drawings. 

The profile  is usually prepared for pipe sewer line at a horizontal and vertical scale. The profile 

shows the ground or street surface, in lets locations, elevation of street surface, pipe surface, pipe 

basement. 

 

After all the calculation is completed and all the maps of the proposed storm water drainage 

system are prepared, detailed profile for sewer pipe line is drawn. The profile of sewer pipe line 

is shown in Drawings  in Appendix-B. This profile has shown the ground elevation, the proposed 

sewer pipe line. 
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BILL OF QUANTITY 

 

5.1 BILL OF QUANTITY FOR THE PROPOSED WASTEWATER  

COLLECTION SYSTEM 

No. EXCAVATION UNIT QTY 

UNIT 

PRICE 

TOTAL 

PRICE 

$ C $ C 

A1 

Excavation of pipes trench in 

all kind of soil for one pipe 

diameter 8 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

  LM 
  

2000 
    

A2 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 10 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 2800     

A3 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 12 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 4370     
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A4 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 15 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 2410     

A5 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 18 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 1015     

A6 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 24 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 7230     

A4 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 28 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 2410     
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A5 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 32 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 1015     

A6 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 36 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 7230     

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

5.2 BILL OF QUANTITY FOR THE PROPOSED STORM WATER   

DRAINAGE SYSTEM 

No. EXCAVATION UNIT QTY 

UNIT 

PRICE 

TOTAL 

PRICE 

$ C $ C 

A1 

Excavation of pipes trench in 

all kind of soil for one pipe 

diameter 10 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 500     

A2 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 15 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 450     

A3 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 18 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 105     

A4 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 28 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 366     
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A5 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 36 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 118.5     

A6 

Excavation of pipes trench in  

all kind of soil for one pipe 

diameter 65 inch depth and  

disposing of the debris and  

the top soil unsuitable for 

backfill outside  the site 

LM 293     
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CHAPTER FIVE 

CONCLUSION 

In this project, the trial is made to design waste water collection system and storm water drainage 

system for Sourif town considering the annual growth of the people and their water consumption 

for the coming 25 years, the water runoff, and catchment area. The result brought out many 

important conclusions. The main conclusions drawn from the present study are summarized 

below: 

1. Sourif town has no sewage facility. The people are using laterains cesspits and septic 

tanks. The waste water has been seeping into the ground through the over flow of the 

deteriorated cesspits and laterains, causing series environmental and health problem also 

storm water collect in law areas and flood streets and walk ways, rapid growth has 

decreased the open areas available for percolation of the rainwater and has greatly 

increased the runoff to low lying areas. 

 

2. The present population of Sourif Town is 16000 person prediction of the future 

population of Sourif Town is estimated depending on 4.58 % growth rate. 

 

3. The present water consumption of Sourif Town is 60 L/c.dayand the future water 

consumption is estimated to be 111 L/c.day depending on 2.5 % increase use rate. 

 

4. The slopes of sewer in the proposed waste water, collection system and storm water 

drainage system are followed the slope of the ground to decrease the cost of construction. 

 

5. For the waste water collection system it is found that there are 4 main catchments in the 

area and each main catchments consists of many sub-catchments. 

 

6. For the storm water drainage system it is found that there are 2  main catchments in the 

area, and each main catchment consists of many sub-catchments. 
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7. For the storm water drainage system we used runoff coefficient(c) equal 0.65 because 

some of the area is agricultural areas. 

 

8. the proposed waste water collection system and storm water drainage system for Sourif 

Town covers most of the areas of the Town.  
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.9

1
2
.2

2
2
6
.4

9
1
.1

9
2
7
.6

9
4
.8

8

5
S

2
5

6
3
3
.6

3
0
.0

6
1
2
.3

3
7
6
.5

3
1
4
.2

0
2
.1

6
3
0
.7

2
1
.4

2
3
2
.1

4
4
.4

5

6
S

2
6

7
5
6
.3

6
0
.0

6
1
2
.1

5
8
8
.6

8
1
6
.4

5
2
.1

2
3
4
.8

2
1
.6

5
3
6
.4

7
4
.3

3

7
S

2
7

8
4
5

0
.0

6
1
4
.7

7
1
0
3
.4

6
1
9
.1

9
2
.0

7
3
9
.7

4
1
.9

2
4
1
.6

6
5
.2

0

8
S

2
8

9
4
5

0
.0

6
1
5
.9

5
1
1
9
.4

1
2
2
.1

5
2
.0

3
4
5
.0

0
2
.2

2
4
7
.2

1
5
.5

5

9
S

2
9

1
0

4
5

0
.0

6
1
0
.2

1
1
2
9
.6

2
2
4
.0

5
2
.0

1
4
8
.3

3
2
.4

0
5
0
.7

4
3
.5

2

1
0

S
2

1
0

1
1

4
5

0
.0

6
9
.9

1
1
3
9
.5

3
2
5
.8

9
1
.9

9
5
1
.5

5
2
.5

9
5
4
.1

4
3
.4

0

1
1

S
2

1
1

1
2

4
6
.7

1
0
.0

6
9
.7

6
1
4
9
.2

9
2
7
.7

0
1
.9

8
5
4
.7

0
2
.7

7
5
7
.4

7
3
.3

3

1
2

S
2

1
2

1
3

5
7
.8

2
0
.0

6
6
.6

4
1
5
5
.9

2
2
8
.9

3
1
.9

6
5
6
.8

4
2
.8

9
5
9
.7

3
2
.2

6

1
3

S
2

1
3

1
4

5
7
.8

2
0
.0

6
6
.5

4
1
6
2
.4

7
3
0
.1

4
1
.9

6
5
8
.9

4
3
.0

1
6
1
.9

5
2
.2

2

1
4

S
2

1
4

1
5

3
8
.7

5
0
.0

6
6
.5

5
1
6
9
.0

2
3
1
.3

6
1
.9

5
6
1
.0

4
3
.1

4
6
4
.1

7
2
.2

2

1
5

S
2

1
5

1
6

4
4
.7

1
0
.0

6
5
.2

0
1
7
4
.2

2
3
2
.3

2
1
.9

4
6
2
.7

0
3
.2

3
6
5
.9

3
1
.7

6

1
6

S
2

1
6

1
7

4
4
.7

1
0
.0

6
5
.2

0
1
7
9
.4

2
3
3
.2

9
1
.9

3
6
4
.3

6
3
.3

3
6
7
.6

9
1
.7

5

1
7

S
2

1
7

1
8

3
6
.7

8
0
.0

6
5
.2

0
1
8
4
.6

2
3
4
.2

5
1
.9

3
6
6
.0

1
3
.4

3
6
9
.4

4
1
.7

5

1
8

S
2

1
8

1
9

4
8
.3

5
0
.0

6
5
.2

0
1
8
9
.8

2
3
5
.2

2
1
.9

2
6
7
.6

6
3
.5

2
7
1
.1

9
1
.7

5

1
9

S
2

1
9

2
0
(s

)
5
5
.9

0
.0

6
5
.2

0
1
9
5
.0

2
3
6
.1

8
1
.9

2
6
9
.3

1
3
.6

2
7
2
.9

3
1
.7

5

2
0

S
2

2
0

2
1

5
5
.3

9
0
.0

6
5
.2

0
2
0
0
.2

2
3
7
.1

5
1
.9

1
7
0
.9

6
3
.7

1
1
2
0
.8

4
4
7
.9

1

2
1

S
2

2
1

2
2

5
3
.0

1
0
.0

6
5
.2

0
2
0
5
.4

3
3
8
.1

1
1
.9

0
7
2
.6

0
3
.8

1
1
2
2
.5

8
1
.7

4

2
2

S
2

2
2

2
3

4
5

0
.0

6
5
.2

0
2
1
0
.6

3
3
9
.0

8
1
.9

0
7
4
.2

4
3
.9

1
1
2
4
.3

2
1
.7

4

2
3

S
2

2
3

2
4

4
5

0
.0

6
6
.2

0
2
1
6
.8

3
4
0
.2

3
1
.8

9
7
6
.2

0
4
.0

2
1
2
6
.3

9
2
.0

7

2
4

S
2

2
4

2
5

4
5

0
.0

6
7
.2

0
2
2
4
.0

3
4
1
.5

6
1
.8

9
7
8
.4

6
4
.1

6
1
2
8
.7

9
2
.4

0

2
5

S
2

2
5

2
6

4
5

0
.0

6
8
.2

0
2
3
2
.2

3
4
3
.0

9
1
.8

8
8
1
.0

4
4
.3

1
1
3
1
.5

2
2
.7

3

2
6

S
2

2
6

2
7

4
5

0
.0

6
9
.2

0
2
4
1
.4

3
4
4
.7

9
1
.8

7
8
3
.9

2
4
.4

8
1
3
4
.5

7
3
.0

5

2
7

S
2

2
7

2
8

4
5

0
.0

6
1
0
.2

0
2
5
1
.6

3
4
6
.6

9
1
.8

7
8
7
.1

1
4
.6

7
1
3
7
.9

5
3
.3

8

2
8

S
2

2
8

2
9

4
5

0
.0

6
1
1
.2

0
2
6
2
.8

3
4
8
.7

6
1
.8

6
9
0
.6

0
4
.8

8
1
4
1
.6

5
3
.7

0

2
9

S
2

2
9

3
0

4
5

0
.0

6
1
2
.2

0
2
7
5
.0

3
5
1
.0

3
1
.8

5
9
4
.4

0
5
.1

0
1
4
5
.6

7
4
.0

2

3
0

S
2

3
0

3
1

4
5

0
.0

6
1
3
.2

0
2
8
8
.2

3
5
3
.4

8
1
.8

4
9
8
.5

0
5
.3

5
1
5
0
.0

1
4
.3

4

3
1

S
2

3
1

3
2

4
5

0
.0

6
1
4
.2

0
3
0
2
.4

3
5
6
.1

1
1
.8

3
1
0
2
.8

9
5
.6

1
1
5
4
.6

7
4
.6

6

3
2

S
2

3
2

3
3

4
5

0
.0

6
1
5
.2

0
3
1
7
.6

3
5
8
.9

3
1
.8

3
1
0
7
.5

9
5
.8

9
1
5
9
.6

5
4
.9

8

3
3

S
2

3
3

3
4

4
5
.3

0
.0

6
1
6
.2

0
3
3
3
.8

3
6
1
.9

4
1
.8

2
1
1
2
.5

8
6
.1

9
1
6
4
.9

4
5
.2

9

3
4

S
2

3
4

3
5

4
0
.9

3
0
.0

6
1
7
.2

0
3
5
1
.0

3
6
5
.1

3
1
.8

1
1
1
7
.8

7
6
.5

1
1
7
0
.5

5
5
.6

1

3
5

S
2

3
5

3
6
(s

)
4
5
.1

6
0
.0

6
1
8
.2

0
3
6
9
.2

3
6
8
.5

0
1
.8

0
1
2
3
.4

5
6
.8

5
1
7
6
.4

7
5
.9

2

3
6

S
2

3
6

3
7

9
.8

1
0
.0

6
1
9
.2

0
3
8
8
.4

3
7
2
.0

7
1
.7

9
1
2
9
.3

2
7
.2

1
1
8
0
8
.5

2
1
6
3
2
.0

5

3
7

S
2

3
7

3
8

2
1
.6

0
.0

6
2
0
.2

0
4
0
8
.6

3
7
5
.8

1
1
.7

9
1
3
5
.4

9
7
.5

8
1
8
1
5
.0

6
6
.5

4

3
8

S
2

3
8

3
9

3
8
.2

1
0
.0

6
2
1
.2

0
4
2
9
.8

3
7
9
.7

5
1
.7

8
1
4
1
.9

5
7
.9

7
1
8
2
1
.9

1
6
.8

5

3
9

S
2

3
9

4
0

5
2
.8

1
0
.0

6
2
2
.2

0
4
5
2
.0

3
8
3
.8

7
1
.7

7
1
4
8
.6

9
8
.3

9
1
8
2
9
.0

7
7
.1

6

T
a

b
le

 2
 (M

a
in

 T
r
a

n
k

 S
2

W
e
s
t W

a
te

r
 C

o
lle

c
tio

n
 S

y
s
te

m
)

T
rib

u
ta

ry
 a

re
a

Unit Sewage

Length

L
o
c
a
tio

n

Line No



11 

 

Street Sewer Name

Upper Mh No

Lower  Mh No

Incremental

Total

Average

Peak Factor

Maximum

Infiltration

Total Maximum

Q max

m
m

3
/d

. d
o
u

  d
o
u
n
m

  d
o
u
n
m

m
3
/d

a
y

m
3
/d

a
y

m
3
/d

a
y

m
3
/d

a
y

m
3
/d

a
y

1
2

3
4

5
6

7
8

9
1

0
1

1
1

2
1

3
1

4

4
0

S
2

4
0

4
1

6
0
.2

0
.0

6
2
3
.2

0
4
7
5
.2

3
8
8
.1

7
1
.7

7
1
5
5
.7

3
8
.8

2
1
8
3
6
.5

4
7
.4

7

4
1

S
2

4
1

4
2

4
7
.7

8
0
.0

6
2
4
.2

0
4
9
9
.4

3
9
2
.6

6
1
.7

6
1
6
3
.0

6
9
.2

7
1
8
4
4
.3

1
7
.7

7

4
2

S
2

4
2

4
3

3
9
.3

0
.0

6
2
5
.2

0
5
2
4
.6

4
9
7
.3

4
1
.7

5
1
7
0
.6

7
9
.7

3
1
8
5
2
.3

9
8
.0

8

4
3

S
2

4
3

4
4

4
8
.8

6
0
.0

6
2
6
.2

0
5
5
0
.8

4
1
0
2
.2

0
1
.7

5
1
7
8
.5

7
1
0
.2

2
1
8
6
0
.7

8
8
.3

9

4
4

S
2

4
4

4
5

4
5

0
.0

6
2
7
.2

0
5
7
8
.0

4
1
0
7
.2

4
1
.7

4
1
8
6
.7

6
1
0
.7

2
1
8
6
9
.4

7
8
.6

9

4
5

S
2

4
5

4
6

5
9
.6

9
0
.0

6
2
8
.2

0
6
0
6
.2

4
1
1
2
.4

8
1
.7

4
1
9
5
.2

3
1
1
.2

5
1
8
7
8
.4

7
9
.0

0

4
6

S
2

4
6

4
7

6
0
.8

0
.0

6
2
9
.2

0
6
3
5
.4

4
1
1
7
.8

9
1
.7

3
2
0
3
.9

9
1
1
.7

9
1
8
8
7
.7

6
9
.3

0

4
7

S
2

4
7

4
8
(s

)
3
8
.3

5
0
.0

6
3
0
.2

0
6
6
5
.6

4
1
2
3
.5

0
1
.7

2
2
1
3
.0

3
1
2
.3

5
1
8
9
7
.3

7
9
.6

0

4
8

S
2

4
8

4
9

5
5
.8

6
0
.0

6
3
1
.2

0
6
9
6
.8

4
1
2
9
.2

9
1
.7

2
2
2
2
.3

5
1
2
.9

3
2
0
4
9
.1

7
1
5
1
.8

1

4
9

S
2

4
9

5
0

5
5
.1

8
0
.0

6
3
2
.2

0
7
2
9
.0

4
1
3
5
.2

6
1
.7

1
2
3
1
.9

7
1
3
.5

3
2
0
5
9
.3

8
1
0
.2

1

5
0

S
2

5
0

5
1

4
4
.3

2
0
.0

6
3
3
.2

0
7
6
2
.2

4
1
4
1
.4

2
1
.7

1
2
4
1
.8

6
1
4
.1

4
2
0
6
9
.8

9
1
0
.5

1

5
1

S
2

5
1

5
2

5
3
.9

0
.0

6
3
4
.2

0
7
9
6
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4
1
4
7
.7

6
1
.7

1
2
5
2
.0

4
1
4
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8
2
0
8
0
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0
1
0
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1

5
2

S
2

5
2

5
3

3
5
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3
0
.0

6
3
5
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0
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3
1
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4
1
5
4
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1
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2
6
2
.5
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1
5
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3
2
0
9
1
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2
1
1
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1

5
3

S
2

5
3

5
4

2
8
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0
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6
3
6
.2

0
8
6
7
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4
1
6
1
.0

1
1
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0
2
7
3
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1
6
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0
2
1
0
3
.2

3
1
1
.4

1

5
4

S
2

5
4

5
5

3
1
.5

3
0
.0

6
3
7
.2

0
9
0
5
.0

4
1
6
7
.9

1
1
.6

9
2
8
4
.2

7
1
6
.7

9
2
1
1
4
.9

5
1
1
.7

2

5
5

S
2

5
5

5
6

3
1
.5

3
0
.0

6
3
8
.2

0
9
4
3
.2

4
1
7
5
.0

0
1
.6

9
2
9
5
.5

7
1
7
.5

0
2
1
2
6
.9

6
1
2
.0

2

5
6

S
2

5
6

5
7

2
8
.2

8
0
.0

6
3
9
.2

0
9
8
2
.4

4
1
8
2
.2

7
1
.6

9
3
0
7
.1

6
1
8
.2

3
2
1
3
9
.2

8
1
2
.3

2

5
7

S
2

5
7

5
8

5
8
.9

0
.0

6
4
0
.2

0
1
0
2
2
.6

4
1
8
9
.7

3
1
.6

8
3
1
9
.0

3
1
8
.9

7
2
1
5
1
.9

0
1
2
.6

2

5
8

S
2

5
8

5
9

5
0
.2

2
0
.0

6
4
1
.2

0
1
0
6
3
.8

4
1
9
7
.3

8
1
.6

8
3
3
1
.1

9
1
9
.7

4
2
1
6
4
.8

2
1
2
.9

2

5
9

S
2

5
9

6
0

3
6
.7

8
0
.0

6
4
2
.2

0
1
1
0
6
.0

4
2
0
5
.2

1
1
.6

7
3
4
3
.6

2
2
0
.5

2
2
1
7
8
.0

3
1
3
.2

2

6
0

S
2

6
0

6
1

3
6
.7

8
0
.0

6
4
3
.2

0
1
1
4
9
.2

4
2
1
3
.2

2
1
.6

7
3
5
6
.3

4
2
1
.3

2
2
1
9
1
.5

5
1
3
.5

2

6
1

S
2

6
1

6
2

3
9
.9

0
.0

6
4
4
.2

0
1
1
9
3
.4

4
2
2
1
.4

2
1
.6

7
3
6
9
.3

3
2
2
.1

4
2
2
0
5
.3

7
1
3
.8

2

6
2

S
2

6
2

6
3

3
4
.6

7
0
.0

6
4
5
.2

0
1
2
3
8
.6

4
2
2
9
.8

1
1
.6

6
3
8
2
.6

1
2
2
.9

8
2
2
1
9
.4

8
1
4
.1

2

6
3

S
2

6
3

6
4

3
4
.6

7
0
.0

6
4
6
.2

0
1
2
8
4
.8

4
2
3
8
.3

8
1
.6

6
3
9
6
.1

7
2
3
.8

4
2
2
3
3
.9

0
1
4
.4

1

6
4

S
2

6
4

6
5

4
0
.5

3
0
.0

6
4
7
.2

0
1
3
3
2
.0

5
2
4
7
.1

4
1
.6

6
4
1
0
.0

1
2
4
.7

1
2
2
4
8
.6

1
1
4
.7

1

6
5

S
2

6
5

6
6
(s

)
4
0
.4

5
0
.0

6
4
8
.2

0
1
3
8
0
.2

5
2
5
6
.0

8
1
.6

6
4
2
4
.1

3
2
5
.6

1
2
2
6
3
.6

2
1
5
.0

1

6
6

S
2

6
6

6
7

3
9
.4

6
0
.0

6
4
9
.2

0
1
4
2
9
.4

5
2
6
5
.2

1
1
.6

5
4
3
8
.5

2
2
6
.5

2
2
4
4
3
.7

1
1
8
0
.0

8

6
7

S
2

6
7

6
8

3
9
.3

6
0
.0

6
5
0
.2

0
1
4
7
9
.6

5
2
7
4
.5

2
1
.6

5
4
5
3
.2

0
2
7
.4

5
2
4
5
9
.3

2
1
5
.6

1

6
8

S
2

6
8

6
9

5
9
.3

3
0
.0

6
5
1
.2

0
1
5
3
0
.8

5
2
8
4
.0

2
1
.6

5
4
6
8
.1

6
2
8
.4

0
2
4
7
5
.2

3
1
5
.9

1

6
9

S
2

6
9

7
0

5
8
.2

5
0
.0

6
5
2
.2

0
1
5
8
3
.0

5
2
9
3
.7

1
1
.6

5
4
8
3
.4

0
2
9
.3

7
2
4
9
1
.4

3
1
6
.2

1

7
0

S
2

7
0

7
1

3
4
.8

9
0
.0

6
5
3
.2

0
1
6
3
6
.2

5
3
0
3
.5

8
1
.6

4
4
9
8
.9

2
3
0
.3

6
2
5
0
7
.9

4
1
6
.5

1

7
1

S
2

7
1

7
2

3
4
.8

9
0
.0

6
5
4
.2

0
1
6
9
0
.4

5
3
1
3
.6

3
1
.6

4
5
1
4
.7

2
3
1
.3

6
2
5
2
4
.7

5
1
6
.8

1

7
2

S
2

7
2

7
3

5
3
.7

3
0
.0

6
5
5
.2

0
1
7
4
5
.6

5
3
2
3
.8

7
1
.6

4
5
3
0
.8

0
3
2
.3

9
2
5
4
1
.8

5
1
7
.1

0

7
3

S
2

7
3

7
4

5
1
.9

7
0
.0

6
5
6
.2

0
1
8
0
1
.8

5
3
3
4
.3

0
1
.6

4
5
4
7
.1

6
3
3
.4

3
2
5
5
9
.2

5
1
7
.4

0

7
4

S
2

7
4

7
5

4
0
.1

0
.0

6
5
7
.2

0
1
8
5
9
.0

5
3
4
4
.9

1
1
.6

3
5
6
3
.8

0
3
4
.4

9
2
5
7
6
.9

5
1
7
.7

0

7
5

S
2

7
5

7
6
(s

)
4
0
.0

8
0
.0

6
5
8
.2

0
1
9
1
7
.2

5
3
5
5
.7

1
1
.6

3
5
8
0
.7

2
3
5
.5

7
2
5
9
4
.9

5
1
8
.0

0

7
6

s
2

7
6

7
7

3
8
.5

5
0
.0

6
5
9
.2

0
1
9
7
6
.4

5
3
6
6
.6

9
1
.6

3
5
9
7
.9

2
3
6
.6

7
2
6
5
3
.6

5
5
8
.7

1

7
7

S
2

7
7

7
8

4
5
.0

3
0
.0

6
6
0
.2

0
2
0
3
6
.6

5
3
7
7
.8

6
1
.6

3
6
1
5
.3

9
3
7
.7

9
2
6
7
2
.2

5
1
8
.5

9

7
8

S
2

7
8

7
9

4
0
.6

8
0
.0

6
6
1
.2

0
2
0
9
7
.8

5
3
8
9
.2

2
1
.6

3
6
3
3
.1

5
3
8
.9

2
2
6
9
1
.1

4
1
8
.8

9

7
9

S
2

7
9

8
0

5
6
.0

6
0
.0

6
6
2
.2

0
2
1
6
0
.0

5
4
0
0
.7

6
1
.6

2
6
5
1
.1

9
4
0
.0

8
2
7
1
0
.3

3
1
9
.1

9

8
0

S
2

8
0

8
1

5
0
.8

1
0
.0

6
6
3
.2

0
2
2
2
3
.2

5
4
1
2
.4

8
1
.6

2
6
6
9
.5

0
4
1
.2

5
2
7
2
9
.8

2
1
9
.4

9

8
1

S
2

8
1

8
2

5
0
.8

1
0
.0

6
6
4
.2

0
2
2
8
7
.4

5
4
2
4
.4

0
1
.6

2
6
8
8
.1

0
4
2
.4

4
2
7
4
9
.6

0
1
9
.7

9

8
2

S
2

8
2

8
3

5
9
.0

5
0
.0

6
6
5
.2

0
2
3
5
2
.6

5
4
3
6
.4

9
1
.6

2
7
0
6
.9

7
4
3
.6

5
2
7
6
9
.6

9
2
0
.0

8

T
a

b
le

 2
 (M

a
in

 T
r
a

n
k
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2

W
e
s
t W

a
te

r
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o
lle
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tio

n
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y
s
te

m
) C

o
n

t'd

Unit Sewage

Length

Line No

T
r
ib

u
ta

r
y
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r
e
a

L
o
c
a
tio
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Incremental

Total

Average

Peak Factor

Maximum

Infiltration

Total Maximum

Q max

m
m

3
/d

. d
o
u

  d
o
u
n
m

  d
o
u
n
m

m
3/d

a
y

m
3/d

a
y

m
3/d

a
y

m
3/d

a
y

m
3/d

a
y

1
2

3
4

5
6

7
8

9
1

0
1

1
1

2
1

3
1

4

8
3

S
2

8
3

8
4

4
5

0
.0

6
6
6
.2

0
2
4
1
8
.8

5
4
4
8
.7

7
1
.6

2
7
2
6
.1

2
4
4
.8

8
2
7
9
0
.0

7
2
0
.3

8

8
4

S
2

8
4

8
5

3
1
.1

8
0
.0

6
6
7
.2

0
2
4
8
6
.0

5
4
6
1
.2

4
1
.6

2
7
4
5
.5

5
4
6
.1

2
2
8
1
0
.7

5
2
0
.6

8

8
5

S
2

8
5

8
6

3
3
.5

5
0
.0

6
6
8
.2

0
2
5
5
4
.2

5
4
7
3
.9

0
1
.6

1
7
6
5
.2

7
4
7
.3

9
2
8
3
1
.7

3
2
0
.9

8

8
6

S
2

8
6

8
7

4
0
.4

6
0
.0

6
6
9
.2

0
2
6
2
3
.4

6
4
8
6
.7

3
1
.6

1
7
8
5
.2

6
4
8
.6

7
2
8
5
3
.0

0
2
1
.2

7

8
7

S
2

8
7

8
8

2
9
.7

9
0
.0

6
7
0
.2

0
2
6
9
3
.6

6
4
9
9
.7

6
1
.6

1
8
0
5
.5

3
4
9
.9

8
2
8
7
4
.5

7
2
1
.5

7

8
8

S
2

8
8

8
9

3
7
.5

0
.0

6
7
1
.2

0
2
7
6
4
.8

6
5
1
2
.9

7
1
.6

1
8
2
6
.0

8
5
1
.3

0
2
8
9
6
.4

4
2
1
.8

7

8
9

S
2

8
9

9
0

3
9
.4

2
0
.0

6
7
2
.2

0
2
8
3
7
.0

6
5
2
6
.3

6
1
.6

1
8
4
6
.9

0
5
2
.6

4
2
9
1
8
.6

1
2
2
.1

7

9
0

S
2

9
0

9
1

3
9
.4

2
0
.0

6
7
3
.2

0
2
9
1
0
.2

6
5
3
9
.9

5
1
.6

1
8
6
8
.0

1
5
3
.9

9
2
9
4
1
.0

7
2
2
.4

6

9
1

S
2

9
1

9
2

6
3
.6

4
0
.0

6
7
4
.2

0
2
9
8
4
.4

6
5
5
3
.7

1
1
.6

1
8
8
9
.4

0
5
5
.3

7
2
9
6
3
.8

4
2
2
.7

6

9
2

S
2

9
2

9
3

5
0
.9

3
0
.0

6
7
5
.2

0
3
0
5
9
.6

6
5
6
7
.6

6
1
.6

0
9
1
1
.0

6
5
6
.7

7
2
9
8
6
.9

0
2
3
.0

6

9
3

S
2

9
3

9
4

3
9
.0

6
0
.0

6
7
6
.2

0
3
1
3
5
.8

6
5
8
1
.8

0
1
.6

0
9
3
3
.0

0
5
8
.1

8
3
0
1
0
.2

5
2
3
.3

6

9
4

S
2

9
4

9
5

4
5

0
.0

6
7
7
.2

0
3
2
1
3
.0

6
5
9
6
.1

2
1
.6

0
9
5
5
.2

3
5
9
.6

1
3
0
3
3
.9

1
2
3
.6

5

9
5

S
2

9
5

9
6

4
5

0
.0

6
7
8
.2

0
3
2
9
1
.2

6
6
1
0
.6

3
1
.6

0
9
7
7
.7

3
6
1
.0

6
3
0
5
7
.8

6
2
3
.9

5

9
6

S
2

9
6

9
7

4
5

0
.0

6
7
9
.2

0
3
3
7
0
.4

6
6
2
5
.3

3
1
.6

0
1
0
0
0
.5

1
6
2
.5

3
3
0
8
2
.1

1
2
4
.2

5

9
7

S
2

9
7

9
8

4
5
.8

6
0
.0

6
8
0
.2

0
3
4
5
0
.6

6
6
4
0
.2

1
1
.6

0
1
0
2
3
.5

7
6
4
.0

2
3
1
0
6
.6

6
2
4
.5

5

9
8

S
2

9
8

9
9

3
4
.7

4
0
.0

6
8
1
.2

0
3
5
3
1
.8

6
6
5
5
.2

7
1
.6

0
1
0
4
6
.9

0
6
5
.5

3
3
1
3
1
.5

0
2
4
.8

4

9
9

S
2

9
9

1
0
0

5
4
.3

9
0
.0

6
8
2
.2

0
3
6
1
4
.0

6
6
7
0
.5

2
1
.6

0
1
0
7
0
.5

2
6
7
.0

5
3
1
5
6
.6

4
2
5
.1

4

1
0
0

S
2

1
0
0

1
0
1

5
4
.5

1
0
.0

6
8
3
.2

0
3
6
9
7
.2

6
6
8
5
.9

6
1
.6

0
1
0
9
4
.4

2
6
8
.6

0
3
1
8
2
.0

8
2
5
.4

4

   D
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ssam
p

tio
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1
) W

ater co
m
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p

tio
n is 

3
.2

m
3

/d
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9
) M
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p
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m
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0
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%

C
h
o
c
k
 L

o
a
d

2
) P

eak
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ual

1
.5

+
2

.5
/(Q
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0

.5
)<

3
1

0
) M

ax slo
p

e S
m

ax =
1

5
%

3
) Infiltratio

n is eq
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1
0

%
 o

f the average ind
ustrial w

astew
ater flo

w
.

1
1

) M
ax m

anho
le sp

acing =
       

6
0

m

4
) M

in p
ip

e d
iam

eter=
2

0
0

m
m

1
2

) M
in d

ep
th o

f sew
er

1
.5

m

5
) M

in velo
city V

m
in =

       
0

.6
m

/sec
1

3
) D

esign d
ep

th o
f flo

w
 h/d

<
0

.5

6
) M

ax velo
city V

m
ax =

4
m

/sec
1

4
) M

aining co
efficient   n=

0
.0

1
5

7
)d

insity o
f line=

1
.2

6
C

ap
tal/d

o
n
u
m

1
5

)d
insity o

f line after 2
5

 years=
1

0
.8

5
3

9
3

1
8

3
C

ap
tal/d

o
n
u
m

8
) w

ater co
nsm

b
tio

n=
6

0
L

/s.d
1

6
) w

ater co
nsm

b
tio

n after 2
5

 years=
1

1
1

.2
3

6
6

4
5

9
L

/s.d

8
0

%
 return to

 sew
er

Length

Lower  Mh No

Upper Mh No

T
a

b
le

 2
 (M

a
in

 T
ra

n
k

 S
2

W
e
st W

a
te

r C
o

lle
c
tio

n
 S

y
ste

m
) C

o
n

t'dT
rib

u
ta

ry
 a

re
a

Unit Sewage

L
o
c
a
tio

n

Street Sewer Name

Line No
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Lower  Mh No

Incremental

Total

Average

Peak Factor

Maximum

Infiltration

Total Maximum

Q max

m
m

3
/d

. d
o
u

  d
o
u
n
m

  d
o
u
n
m

m
3/d

a
y

m
3/d

a
y

m
3/d

a
y

m
3/d

a
y

m
3/d

a
y

1
2

3
4

5
6

7
8

9
1

0
1

1
1

2
1

3
1

4

1
S

2
a

1
2

4
5

0
.0

1
2

6
.6

7
6
.6

7
0
.2

4
3
.0

0
0
.7

1
0
.0

2
0
.7

3
0
.7

3

2
S

2
a

2
3

6
0

0
.0

1
2

9
.3

0
1
5
.9

7
0
.5

6
3
.0

0
1
.6

9
0
.0

6
1
.7

5
1
.0

2

3
S

2
a

3
4

3
4
.3

2
0
.0

1
2

3
.5

9
1
9
.5

5
0
.6

9
3
.0

0
2
.0

7
0
.0

7
2
.1

4
1
.1

2

4
S

2
a

4
5

3
4
.3

2
0
.0

1
2

3
.7

9
2
3
.3

4
0
.8

2
3
.0

0
2
.4

7
0
.0

8
2
.5

5
1
.4

3

5
S

2
a

5
6

4
2
.0

7
0
.0

1
2

7
.5

1
3
0
.8

5
1
.0

9
3
.0

0
3
.2

6
0
.1

1
3
.3

7
1
.9

4

6
S

2
a

6
7

4
2
.0

7
0
.0

1
2

8
.5

6
3
9
.4

0
1
.3

9
3
.0

0
4
.1

7
0
.1

4
4
.3

1
2
.3

7

7
S

2
a

7
8

4
5
.6

6
0
.0

1
2

1
3
.4

5
5
2
.8

5
1
.8

6
3
.0

0
5
.5

9
0
.1

9
5
.7

8
3
.4

1

8
S

2
a

8
9

4
5
.6

6
0
.0

1
2

1
1
.6

6
6
4
.5

1
2
.2

8
3
.0

0
6
.8

3
0
.2

3
7
.0

5
3
.6

4

9
S

2
a

9
1
0

5
0
.1

9
0
.0

1
2

1
9
.3

3
8
3
.8

5
2
.9

6
2
.9

5
8
.7

4
0
.3

0
9
.0

3
5
.3

9

1
0

S
2
a

1
0

1
1

4
5

0
.0

1
2

1
9
.5

5
1
0
3
.4

0
3
.6

5
2
.8

1
1
0
.2

4
0
.3

6
1
0
.6

1
5
.2

2

1
1

S
2
a

1
1

1
2

3
8
.9

6
0
.0

1
2

2
1
.1

8
1
2
4
.5

8
4
.3

9
2
.6

9
1
1
.8

3
0
.4

4
1
2
.2

7
7
.0

5

1
2

S
2
a

1
2

1
3

4
4
.7

6
0
.0

1
2

2
1
.5

2
1
4
6
.1

1
5
.1

5
2
.6

0
1
3
.4

1
0
.5

2
1
3
.9

2
6
.8

7

1
3

S
2
a

1
3

1
4

4
4
.7

6
0
.0

1
2

1
5
.4

8
1
6
1
.5

9
5
.7

0
2
.5

5
1
4
.5

2
0
.5

7
1
5
.0

9
8
.2

2

1
4

S
2
a

1
4

1
5

5
3
.3

1
0
.0

1
2

2
1
.7

6
1
8
3
.3

5
6
.4

7
2
.4

8
1
6
.0

6
0
.6

5
1
6
.7

0
8
.4

9

1
5

S
2
a

1
5

1
6

5
3
.3

1
0
.0

1
2

2
3
.3

4
2
0
6
.6

8
7
.2

9
2
.4

3
1
7
.6

8
0
.7

3
1
8
.4

1
9
.9

3

1
6

S
2
a

1
6

1
7

4
1
.3

1
0
.0

1
2

2
2
.5

8
2
2
9
.2

6
8
.0

9
2
.3

8
1
9
.2

4
0
.8

1
2
0
.0

5
1
0
.1

2

1
7

S
2
a

1
7

1
8

4
5
.8

6
0
.0

1
2

2
1
.7

6
2
5
1
.0

2
8
.8

5
2
.3

4
2
0
.7

2
0
.8

9
2
1
.6

0
1
1
.4

8

1
8

S
2
a

1
8

1
9

5
2
.0

6
0
.0

1
2

2
4
.1

4
2
7
5
.1

7
9
.7

1
2
.3

0
2
2
.3

5
0
.9

7
2
3
.3

2
1
1
.8

3

1
9

S
2
a

1
9

2
0

5
6
.2

9
0
.0

1
2

2
3
.9

6
2
9
9
.1

2
1
0
.5

5
2
.2

7
2
3
.9

5
1
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CALCULATIONS TABLESFOR

WASTEWATER AND STORM DRAINAGE

1. WASTEWATER
2. STORM DRAINAGE
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