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Concerning the Egyptian Code of Sanitary Drainage pumping Stations

Minister of Housing, Utilities and Urban Communities

- After perusal of Law No 6/1964 regarding design criteria and rules of
construction and building works

- And, Presidential Decree No. 46/1977 regarding Public Authority for
Housing, Building and Urban Planning Research Center

- And, Ministerial Decree No. 79/1991 and Ministerial Decree No. 318/1992 on
formation of the standing committee for the preparation of Egyptian Code
Concerning Design Criteria and Rules of Potable Water and Sanitary Drainage
Treatment Plants and Pumping Stations.

- And, Ministerial Decree No. 492/1996 on formation of the main committee
on design criteria and rules of construction and building works.

- And, the note presented from chairman of standing committee for Design
Criteria and Rules of Potable Water and Sanitary Drainage Treatment Plants
dated 05/06/1997.

Decided the following:

Article (1): Part (1) of Egyptian Code Concerning Design Criteria and Rules of
Sanitary Drainage Pumping Stations shall be applied.

Article (2): Concerned bodies as mentioned in Law No. 6/1964 shall adhere to
implement provisions of this code.

Article (3): Housing & Building Research Center shall publish, define and train on
provisions of this code.

Article (4): This decree shall be published in the Egyptian Gazette and shall enter
into effect after six months of its publication.

Minister of Housing, Utilities and Urban Communities

Prof. Dr. Eng. Mohamed Ibrahim Sulayman

Introduction

Due to the huge investments in the filed of infra structural of water supply and
sanitary drainage projects, as these projects represent the urgent priorities in
development programs, and due to the change of urban styles in our community,
so it is necessary to chose systems and methods suitable for sanitary drainage
treatment.

As sanitary drainage projects are carried out according to special conditions
and specifications followed by each administrative entity in cooperation with the
authorities and bodies implementing these works, this has led to a multiplicity of



jurisprudence in the preparation of design criteria and rules for the sanitary
drainage works (pumping stations and treatment plants) due the multiplicity of
agencies working in this area, which led to differences in the criteria and rules to
be followed for the same type of works.

Therefore, it was issued decree of Minister of Construction, New Urban
Communities, Housing and Utilities No. 79/1991 and No. 318/1992 on formation
of the of the standing committee for the preparation of Egyptian Code
Concerning Design Criteria and Rules of Potable Water and Sanitary Drainage
Treatment Plants and Pumping Stations under Law No. 6/1964.

The committee prepared the code draft for sanitary drainage pumping
stations and distributed it to the concerned bodies, such as general authorities,
universities, consultation offices, research centers and institutes, armed forces,
contracting companies and others, to give their opinion, and then a public
symposium was held to discuss the various opinions. Based on these discussions,
this code was prepared in its final form.

This code has been issued by the Ministerial Decree No. 168/1997. Housing &
Building Research Center shall publish, identify and train on this code for the
development of sanitation works in the Republic.

With God's Blessings

Minister of Housing, Utilities and Urban Communities

Prof. Dr. Eng. Mohamed Ibrahim Sulayman

Preface

Due to the successive development and steady expansion in the filed of
constriction, building and reconstruction at a national scale, it was issued Law
No. 6/1964 regarding design criteria and rules of construction and building
works (Article 1), where Ministry of Housing, Utilities and Urban Communities is
responsible to implement this work.

From this standpoint, Housing & Building National Research Center in
accordance with the Presidential Decree No. 63/2005, shall publish, update and
train on the code, work items specifications and technical specifications of
construction materials in order to comply with the international trends and meet
the local conditions so that the codes work as a guide in the field of construction



and building works and also to guide the engineers and the workers in the
construction filed.

To ensure achieving the desired objectives of these codes, the main committee
formed from representatives of the Ministry of Housing, Utilities and Urban
Communities and the ministries concerned with construction and building
works, as well as university professors, experts and consultants in this field, shall
develop the general approach in all areas related to construction and building
works also sets the general policy and planning for method of work on a
permanent basis, form the standing committees and specialized subcommittees
of professors, consultants and senior engineers in the fields of application related
to construction and building works whom have long recognized experience in
this field from outside and inside the center.

The Centre benefited from all the expertise available at home and outside in the
preparation of codes in order to support and increase the effectiveness of the
preparation of codes. The various committees were the melting pot of all
knowledge and expertise, and a model for the close link between the Centre,
Universities, production sectors and services, and in furtherance of national
participation and contribution in this national work that contributes to increase
the effectiveness of the development of scientific planning.

Perhaps the most important controls to measure the volume of work in the
codes, is to record what is being achieved to be untroubled of the effort done and
know our location on the road through what has been prepared and issued from
codes and specifications contained in the attached tables, note that the codes
have being updated at a continuous basis according to the new scientific,
technological developments and in accordance with the experiences gained from
conditions of application.

God is the source of our strength in this regard,,

Chairman
Housing & Building National Research Center
Prof. Dr. Eng. Omima Ahmed Salah Eldin

List of Construction and Building Codes issued from the Center

No Code Name Code No

1 | Design Criteria and Rules of Potable Water and Sanitary Drainage Treatment 101
Plants and Pumping Stations:
Volume 1: Sanitary Drainage Pumping Stations 101/1
Volume 2: Sanitary Drainage Treatment Works 101/2
Volume 3: Potable Water Purification Plants 101/3
Volume 4: Potable Water Pumping Stations. 101/4

2 | Design and Execution of Pipelines for Potable Water and Sanitary Drainage 102
Networks

3 | Urban and Rural Roads Works: 104
Part (1): Preliminary Studies for the Roads 104/1
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Part (4): Roads Materials and their Test 104/4
Part (5): Bridges Design and Construction 104/5
Part (6): Constructional Design of Roads 104/6
Part (7): Surface and Underground Drainage for the Roads 104/7
Part (8): Road Equipments. 104/8
Part (9): Rules of Road Works Inside and Outside Cities. 104/9
Part (10): Roads Maintenance 104/10
4 | Calculation of Loads and Strengths in Construction and Building Works 201
5 | Soil Mechanics, Design and Execution of Foundations: 202
Part 1: Study of the Site 202/1
Part (2): Laboratory Teats 202/2
Part (3): Shallow Foundations 202/3
Part (4): Deep Foundation 202/4
Part (5): Foundations on soils with problems 202/5
Part (6); Foundations subject to Vibrations and Dynamic Loads 202/6
Part (7): Retaining Structures 202/7
Part (8): Slope Stability 202/8
Part (9): Earth Works and Dewatering 202/9
Part (10): Foundation on Rocks 202/10
Part (20): Technical Terminology 202/20
6 | Design and Execution of Reinforced Concrete Constructions 203
7 | Design Criteria and Rules of Building Works: 204
Part (1): Retaining Walls 204/1
Part (3): Bearing Walls 204/2
Part (4): External non-bearing walls used as external curtains. 204/3
Part (5): Bearing Walls used as Partitions 204/5
Part (6): Arches, Domes and Vaults 204/6
Part (7): Resistance of building with bearing walls to earthquakes | 204/7
“Constructional and Architectural Rules”
Part (8): Technical Terminology 204/8
8 | Steel Construction and Bridges 205
9 | Design Criteria and Rules of Sanitary Installations Engineering in Buildings: 302
Part (1): Sanitary Installation of Buildings 301/1
Part (2): Water supply and sanitary drainage treatment in small communities. 301/2
Part (3): Supply of Hot water and Swimming Pool Works. 301/3
Part (4): Equipping of kitchens, hospitals and disposal of wastes. 301/4
10 | Design Criteria and Rules of Electrical Connections and Installations in 302

Buildings:

302/1




Part (1): Basics 302/2
Part (2): Basics 302/3
Part (3): Tables and Annexes 302/4
Part (4): Earthing 302/5
Part (5): Prevention of lightning 302/6
Part (6): Power Factor Correction 302/7
Part (7): Harmonics 302/8
Part (8): Conductors and Starters used in control of 3-phase induction motors. 302/9
Part (9): Lighting Control 302/10
Part (10): Emergency Generators

11 | Design Criteria and Rules of Electrical and Hydraulic Elevators in Buildings 303
(English)

12 | Design Criteria and Rules of Electrical and Hydraulic Elevators in Buildings 303
(Arabic)

13 | Air Cooling and Conditioning 304
Volume (1): Air Conditioning 304/1
Volume (2): Cooling 304/2
Volum2 (3): Control and Electricity Works 304/3

14 | Design Criteria and Rules of Protection of Constructions from Fire 305
Part (1): Design Criteria and Rules of Protection of Constructions from Fire. 305/1
Part (2): Building Service Systems Requirements to Reduce fire Risks 305/2
Part (3): Fire Detection and Alarm Systems. 305/3

15 | Design Criteria and Rules of External, Internal and Special Painting 401

16 | Design of External Areas and Building for the Disabled. 601

List of Annexes and Dictionaries Complementary for the Codes

No Annex Name

1 | Design aids with examples according to Egyptian Code

2 | Concrete Materials Lab Tests Guide

3 | Dictionary of Soil Mechanics and Foundation Engineering (3 Languages)

4 | Construction Data and Drawings Preparation Guide




List of Works Specifications and Contract Documents Issued from the Center

No Specification Name Code No
Contract Documents 901
1 | Consultation, studies and design contract 901/1
2 | General conditions of contracting works contract 901/2
3 | Engineering consultation services contract for supervision of implementation “Construction Department” | 901 /3
4 | Engineering consultation services contract for studies, designs and continuous supervision of | 9(1/4
implementation.
5 | Design and implementation contract (financed by the owner) 901/5
Works Specifications 902
6 | Sanitary Works Specifications 902/1
7 | Marble Works Specifications 902/2
8 | Architectural Woodworking Specifications 902/3
9 | Aluminum Works Specifications 902/4
10 | Earth Works Specifications (Excavation and Backfilling) 902/5
11 | Soil Insulation Specifications 902/6




12 | Reinforced Concrete Works Specifications 902/7
13 | Painting Works Specifications 902/8
14 | Public expenditure and financial commitments specifications 902/9
15 | Plastering Works Specifications 902/10
16 | Architectural blacksmith works specifications 902/11
17 | Specifications of electrical connections and installations (Part 1 and Part 2) 902/12
18 | Specifications of thermal insulation work “Design criteria and rules”. 902/13

General Introduction

Cities and villages water supply projects, as well as treatment and disposal of
sanitary drainage liquids in modern communities, represent urgent priorities in
development programs, where many of Egyptian cities and most villages suffer
from non-existence of all sanitary drainage services for disposal of the liquid
waste. [t was severely increased and had inverse impact with the supply of the
cities and villages with fresh water and increase of population.

So, the State and its concerned authorities give special interest to potable water
supply and sanitary drainage projects. Due to the change of urban patterns, it is
important to choose appropriate systems for the purification of drinking water
and liquid waste treatment.

As sanitary drainage projects are carried out according to special conditions and
specifications followed by each administrative entity in cooperation with the
authorities and bodies implementing these works, this has led to a multiplicity of
jurisprudence in the preparation of design criteria and rules for potable water
implementation works (pumping stations and purification plants) and also for
the sanitary drainage projects (pumping stations and treatment plants) due the
multiplicity of agencies working in this area, which led to differences in the
criteria and rules to be followed for the same type of works.

Therefore, it was issued decree of Minister of Construction, New Urban
Communities, Housing and Utilities No. 79/1991 on formation of the of the
standing committee concerning design criteria and rules of potable water and
sanitary drainage treatment plants and pumping stations.




The committee has divided the Code into four volumes:

Volume 1: Sanitary Drainage Pumping Stations
Volume 2: Sanitary Drainage Treatment Plants
Volume 3: Potable Water Purification Plants

Volume 4: Potable Water Pumping Stations.

Volumes 1, 2, 3 and 4 are divided into three chapters:
Chapter (1): The Studies

Chapter (2): Design Criteria

Chapter (3): The Rules

This code indicates design criteria and rules of pumping stations. It also indicates
the maximum requirements that must be taken into considerations in design,
implementation and achievement efficiency of sanitary drainage projects. This
should not conflict with the recommendations and conditions added by the
Consultant suitable and appropriate for the projects. Subjection of the design and
implementation to the provisions of this code does not exempt from any legal
responsibilities and obligations.
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Standing committee for the preparation of Egyptian Code Concerning Design
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Pumping Stations extends thanks to Housing & Building Research Center for its
effort and facilities provided for production of this work in a decent form.
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Chapter 1
The Studies






Introduction

At the beginning of design pumping stations for liquid wastes coming from a city,

village or community, the following studies should be performed:
1. Number of people and different activities.
2. Determination of the design period.

3. Selection of pumping station site.

4. Determination of the serviced locations.

5. Calculation of design flows.

6. Determination of types of pumping stations
7. Control and protection methods.

8. General layout.

9. Survey works.

10. Soil studies

1. Number of people and different activities.

1-1 Stages of population growth

When studying population of a city, village or community for the purpose of design
the pumping stations, the population growth will be studied according to the

following stages:-



1-1-1 Start-up and prosperity stage

This stage characterized by increased rate of population in the form of geometrical

increase.
1-1-2 Stability stage

In this stage population attraction factors are stable and requires fixed population

expansion and the population growth will be calculate by the arithmetic method.
1-1-3 Saturation stage

It is the reach to the decreased increase of population growth due to stop of
attraction factors or as a result of construction of other adjacent residential
communities with stronger attraction factors. The designer should take into
consideration the difference between prediction in the population growth for

existing urban community and new urban community.

1-2 Future estimation of population

Population at the end of design periods is estimated by using the statistics
performed by the governmental bodies concerned with population studies in order
to know the current and future population taking into consideration the expected
growth and the expansion of different industrial, service and commercial activities.
To reach to this purpose, there are different practical methods, some of them are
performed through application of mathematical equations and others are through
applying the statistics on the graphical drawings. The following are some of the

mathematical methods used in predication of the number of people:

1-2-1 Arithmetic Increase Method

The applied equation is:

A T T ) RS (1



This method is represented graphically by a straight line
1-2-2 Geometrical Increase Method
The applied equation in this method is:
InPn=InP1+Kg(tn—tl} ........................................ (2)
It is represented graphically by an increasing curve of first order
1-2-3 Decreasing rate of increase
The applied equation in this method is:
B R BT Y sconssssisssaisinn 3)
It is represented graphically by decreasing curve of first order. The symbols used in
equations 1, 2 and 3 are as follows:
P.1": The population served by the project in the target year.

ljrT: Last population for the region taken according to Mobilization and Statistics
statement.

Kﬂ: Annual population increase rate in the arithmetic method (fixed rate)

K o : . .
£: Annual population increase rate in the geometric method (increased rate)

Kd: Decreased annual population increase rate in decreasing rate of increase

method.
S : Maximum value of expected population (saturation limit)
(nt1): Time period served by the project.

I, Natural logarithm for the base (e).



Fig (1-1) represents population growth curve for the city and shows the relation
between the population and the time periods that represented by each of the above

methods.

Decreasing rate of increaia/f_,f——~

Arithmetic Increase /

Geometrical Increase

(853

Population logarithn (P) (Person)

Lo e

- T
Time (Years)

Fig (1-1) Population growth curve for the city

From the figure it is clear that the population growth of the city has an increase rate
at the beginning then decreases by the growth of the city and decrease of the
activities. The increase occurs with the geometric method in the growth periods due
to the urban expansion or planning for new city with industrial, commercial or
agricultural attraction regions, followed by a fixed increase expresses the stability of
the city after the expected expansions. This increase is represented by the
arithmetic method, and then followed by decreasing rates of increase due to
decrease of economic resources of the city and being saturated and the lack of
employment and migration from the city. This is represented by decreasing rate of

increase method.

This is in addition to the following methods for estimation of population in the

future.



1-2-4 Estimate of population by assuming population densities associated with land

uses
This method depends on the method of planning of the city or region

Table (1-1) Shows population densities according to land uses

Table (1-1) Population densities used when calculating the expected population in

planning of a city or region

Population Densities (Person/Hectare) Land Uses
20-50 1st Class Villas
50-100 2nd Class Villas
100-250 Small Residential Buildings
250-700 Medium Residential Buildings
700-1200 or more Big Residential Buildings
50-75 Commercial Areas
20-30 Industrial Areas

1-2-5 Graphical Extension Method

It is an approximate method resulted from it the future population by drawing
population growth curve of the region in the past then it is extended to conclude the

population at the required target year.
1-2-6 Graphical Comparison Method

In this method, population growth curve for the area under study is drawn for a city
similar in activities with greater population then a curve similar to the curve of the
population growth of the greater city is drawn, hence the required population

growth in the future is deduced.




2- Design Periods
2-1 Civil Works

Civil works for pumping stations and service building are designed to achieve

service requirements until the target year which ranges from 40-50 years.

2-2 Mechanical and Electrical Works

Determination of the design periods for the pumping stations depends on the nature
of current and future graduation of the flows coming to these stations until the

target year as follows:

- For the plants that serve existing residential communities and have approximate
fixed population increase in addition to the increase of water consumption rates,
flows of these plants increase gradually over the design period with limited rate,
hence the pumping units are designed for a design period commensurate with
the lifespan of these units, and is taken 15 years added to it design and
implementation period (start operation). Then these units are replaced by new

one taking into consideration the flows of the next design period.

- For the plants that serve new residential communities, the population increase is
steady, which leads to irregular changes in the flows coming to the plant at
successive time periods that needs the existence of implementation stages to
install the pumping units to meet the development of the coming flows until the

target year taking into account the lifespan of the pumps.

10



For the plants that serve areas with special nature and the main plants that is
hard to continuously change their pumping units, or the tourist villages that have
flows coming to the plant which differ considerably over the seasons, in this case
pumping stations with different flows are installed and operated in the seasons
for which they are designed, and consequently the lifespan of the equipments

must be increased and the design period will be 20-30 years.

3- Selection location of Pumping Station

The location must have the following conditions:

1.

The location must be in the places with low levels to decrease construction costs
whether for the networks or the plant and it is prefer, if possible, to be in the

middle of the drainage area.

It is prefer to be the location on lands owned to the state to avoid expropriation

procedures.

Paths of the gravity networks that serve this location must not intersect with the

obstacles of deep water, if possible.

The access road to the plant passing with the gravity lines and discharge lines
must be wide enough to accommodate these lines and for easy access to the

plant. It should avoid the highways as paths for the lines, to the possible extend.
Non-existence of obstacles on the site (gas pipelines, power lines, etc)

The site must be as close as possible from source of supply of electricity and

water.

Depth of the inlet pipe to the plant must not exceed 6.5 m except in the cases that

its technical and economic study requires increase of the depth more than this.
The site must be away from the existing facilities by a sufficient distance.

Environmental aspects must be taken into account, while avoiding overlap of

plant location especially with locations of drinking water supply facilities.

11



4- Determination of the serviced areas

Preparation of the general plan of the sanitary drainage networks for the city or the
village depends on the urban plan, structural planning and topography of the area.
When preparing the general plan of the sanitary drainage networks must take into
account to get full benefit from the topography of the region to reduce the number
of stations to the lowest possible number. Each station must serve in an area clear of
obstacles (railways, canals) and shall pour directly to the treatment plants (main

plants) or to any other near plant or to the main collectors (sub stations).

5- Design Flows
5-1 Flows received at pumping station

Flows will be calculated according to the Egyptian Code concerning design and

implementation of pipe lines for potable water and sanitary drainage networks.

5-1-1 Average Flow (Qav)

It is (0.8-0.9) of the average daily consumption of water for the cities and population
communities with residential nature, including industrial and commercial activities
that serve the people, taking into consideration the difference of consumption in

winter and summer.

5-1-2 Peak Factor

The peak fact or (P.F.) is calculated from the following equation (at maximum dry

summer flow):
Peak Factor = ! + 14/ (4 +y/p)

Where (P) is the population in thousand

12



5-1-3 Min Flow Factor

Min Flow Factor (M.F.) is calculated from the following equation (at minimum dry

winter flow)

Min Flow Factor (M.F.) = 0.2 ° VP
Where (P) is the population in thousand
5-1-4 Industrial Flow Qindust

In case of existence of areas for industrial activities for the city, the industrial flow is
taken 1-2 1/s/hectare in case of unavailability certain data about the type of the
industries. But, in case of availability of this data, the flow will be taken according to

the type of the industry.
5-1-5 Commercial Flow Qcomm.

In case of existence of commercial centers, the maximum flow is taken between
(0.5-1.7) 1/s/hectare.

5-1-6 Infiltration Flow Qinf.

Infiltration water flows received at the network are calculated according to the head
of infiltration water level over the upper trace of the pipe in the network taking into
account to exclude the area at which infiltration water level is lower than the pipe

line. In case of unavailable enough data, it will be taken as follows:
- 0.46 m3/day/ 1 cm of pipe diameter / 1 km of the pipe line
- 0r, 0.21/s/ hectare

- Or, 5-15% of the average flow.

13



5-1-7 Rain flow (Qrain)

Rain flow (Qrain) is calculated from the following equation:
Quin =275 CH *A (it f5 )

Where:

C: Excess Rainwater Factor

[: Intensity of rainwater fall (mm/hour)

A: The area exposed to rainwater fall served by the line (hectare)

Table (1-2) Excess Rainwater Factor

Type of Surfaces (C) values
1. Roofs and paved streets 0.70-.095
2. Clay soils, gardens and unpaved streets 0.10-0.40
3. Sand soil 0.2-0.05
4. Residential areas (flat) 0.30-0.50
5. Residential areas (Rocky) 0.50-0.70
6. Industrial areas (Light industries) 0.55-0.65
7. Industrial areas (Heavy industries) 0.60-0.80

14




5-2 Flows Calculation
5-2-1 Maximum Flow Qmax

It is taken equal to max dry summer flow at target year and calculated from the

following equation:

Qmax = P.F. * Qav summer + Qidust. + Qcomm. + Qinf.
Where:

QOav summer = (1.2-1.3) Qav

Omax = P.F. * Oav winter + Qidust. + Qcomm. + Qinf+ Qrain
Where:

Qav winter = (0.7-0.8) Qav

5-2-2 Minimum Flow Qmin

It is taken equal to minimum dry winter flow and is calculated form the following

equation:

Qmin = ( MLE. * Qav ) + Qidust + Qcomm + Qinf.

6- Determination types of pumping stations

Flows of sanitary drainage networks are poured into the collection sump, where the
pumps are installed directly in this sump (wet well) or part of the sump is allocated
for installation of the pumps (dry well). The following factors shall be taken into

consideration when determining type of the station:
- The available area for the pumping station.
- Type of soil of station site.

- The flows incoming to the station.

15



On this basis, sanitary drainage pumping stations are divided according to the type,

shape and capacity of the sump as follows:

6-1 Type of the sump

6-1-1 Dry sump

It is used in pumping stations with medium and large flows.
6-1-2 Wet sump

[t is used in pumping stations with small and medium flows.
6-2 The shape

Sump shape will be determined rectangular or circular according to soil type, level
of groundwater and the used method of construction. The sump can be divided from

inside according to the used type of pumps.
6-3 Capacity

6-3-1 Small flows: up to 40 1/s

6-3-2 Medium flows: 40-3001/s

6-3-3 Large flows: more than 3001/s

7- Protection and Control

7-1 Protection

The purpose of protection is:

- Protection of the environment from pollution from liquid wastes, sediments and
the emitted gases, by covering all the holes in the plant with appropriate means,
putting barriers and fences around the plant to prevent unauthorized persons
from entering and using suitable ventilation which does not cause direct impact

on the environment surrounding the plant.

- Protection of the persons working in the plant from the dangers resulted from
their direct deal with the liquid wastes which may cause drowning, disease and
epidemics by using protective devices such as oxygen cylinders, insulated suits,

gloves, safety boots, etc.

16



- Protection of pumping units and discharge lines from blockage and corrosion by
using screens, sand sedimentation basin, filtration and sedimentation units, if

necessary.

- Protection of pumping units and discharge pipelines from water hammering by

using the appropriate devices.

- Protection against electrical shocks resulted from touching the life units and the
risks of the accidents resulted from the rotating parts of the mechanical
equipments in the plant by applying industrial safety instructions and

procedures.

- Protection of the mechanical equipments and electrical devices by using current
and voltage indicators and automatic circuit breakers to disconnect the electrical

supply in case of overload, voltage variation and short circuit.

- Protection against decrease or increase level of the liquid wastes in the

collection sump by using suitable sound and visual alarm.
7-2 Control

Control systems are used in the pumping stations to regulate the use of the
equipments for better performance that ensures optimum operation of these
equipments without affecting rates of the operation of the plant that may lead to
flood phenomenon or storage of the wastes in the network (gravity pipes) which
may cause their blockage and corrosion due to accumulation of sediments inside
them or in the sumps and inspection chambers in addition to emission of odors and

pollution of the environment.

Usually manual and automatic operation systems are combined together in all

plants to achieve this purpose.

Operation and control system is selected according to the condition of operation
whether it is continuous operation matched with the pumps and the associated

devices or in case of temporary faults or to face any unusual large loads at peak flow,

17



heavy rains or breakage in the pipelines. Different control systems are divided into

the following:

7-2-1 Mechanical Control
Such as mechanical indicators, regulators, floats, pressure and flow indicators.
7-2-2 Electrical Control

Such as control and signals transfer devices, computers, PLC and smart devices to

control operation of pumping units.
7-2-3 Hydraulic Control

Such as the devices that control operation of valves, gates and control of levels and

measurement.

8- Layout

After determination and selection of the site, layout of the plant is prepared to
distribute the main components according to the type of the plant, main or
substation, taking into consideration survey, hydraulic, constructional, mechanical

and electrical elements as follows:

- Survey of the site and its levels.

- Connection of the site with the public roads.

- Direction of entrance of gravity lines and exit of discharge lines.

- Distribution of plant units and their linkage with each other to facilitate the
operation to perform their purpose with keeping suitable distances between
plant units and the associated buildings to ensure easy constructional works and
facilitate installation, operation and maintenance of the mechanical and
electrical equipments and disposal of the wastes resulted from disinfection and

filtration works inside collection sump.

18



- Provision of the necessary utilities on the site such as drinking water and
sanitary drainage supply networks to the administrative building, fire fighting,

irrigation of green areas, lighting of the site and communication.

- Construction external fence for protection of the site against external effects,

including guarding and reception office.

- Provision of administrative, service buildings and sufficient areas for the tanks

(fuel and cooling) and the equipments installed outside the buildings.

- Architectural coordination between plant units and buildings regarding heads,
dimensions and distances necessary for ventilations and natural lighting as well

as beatification of the site.

- Construction of suitable internal roads.

9- Survey Works
Survey works are performed on the pumping stations site in order to:
- Survey the main features around the site such as roads, drains, canals, etc.

- Determine known level bench marks inside the site in suitable place to be

described to refer to it.
- Determine the datum line for the plant to calculate static head of the plant.

- Determine the required leveling of the sump location for the service road of the

plant.
10- Soil studies

When design and implementation of the pumping stations, it is required to perform

soil and foundation studies in order to:

- Determine the stresses necessary for design the foundations of the pumping

stations and service buildings.
- Determine type and depths of foundations.

- Determine method of implementation and construction of the sump.

19



- Determine level and type of groundwater and soil type to determine quantity
and type of the used cement and the insulation materials for the protection of

the constructions.

In addition, must comply with the code on foundations and soil tests.

20



Chapter 2: The Design
1. Hydraulic and mechanical design
2.Design of electrical works
3. Architectural and constructional design

4. Contract documents.
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1- Hydraulic and Mechanical Design

1-1 Determination of Sump Volume

The calculated volume is considered the minimum safe operation under severe
conditions according to the number of starts of pumping units per hour (or rate of
operation). When determining the sump volume in the pumping station, the

following factors should be taken into consideration:

1. The relation between the inflows and the capacity of the operating pumps in
addition to the number of starts and stops per hour rated to pump motors and

starters.

2. Sudden excess flows to prevent adverse hydraulic conditions or any surcharge in

the drainage network.

3. Design dimensions and places of distribution of the pumps, pipes and valves

inside the sump.

4. Provision of emergency volume to be used in case of faults to accommodate peak

flows incoming to the plant.

The main factor is the calculation of sump volume then the provision of the other

factors to ensure save operation.

1-2 Calculation of the Active Volume

23



Active volume of the sump in the pumping station is calculated according to the
number of starts and stops of pumping units per hour according to the following

rule as shown in fig (2-1)

? (m'/s)
; 3
@mfm/s) I ]

.3ﬂ-|| }\ ;ievﬂ' 1 (STart

V()

g Level 0 (stor)

Fig (2-1) Start and Stop Levels
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T A1)

v, v
Qin Q-Qin
T = Time between two successive starts, and it is the time of pump operation cycle

(in second)

V = Sump Active Volume, is the volume between start and stop levels for the

operating pumps in the plant (in cubic meter).

Q = Capacity of the operating units in the plant (the flows pumped by these units

(cubic meter / sec)

Qin = Maximum flow incoming to the plant (cubic meter / sec). (Average Flow x

corresponding Peak Factor)

- Operation cycle time (T) is divided into operating time of the pumps (tp) and

stop time of the pumps to fill the sump (ts) (Off Time).

T=tp+1 (2)
Gim s e 3)
Qin
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Where:

ts = is the time required to fill volume of the sump between the stop level (Level-0)

and start level (Level- 1).

v (4)

Where:

tr = The time required to discharge the sump between start level (Level -1) and stop
level (Level - 0) when Q= Qin = O

When@< Qin, the water level inside the sump will increase even in the case of

continuous operation of the pumps.

Equation (1) can be written in the following form:

1 1
=V ot &

| S P o (5)

From the equation, it is clear that operation cycle time (T) is function of the inflow

(Qin) for certain constant volume (V) and capacity of the operating pumps (Q).

The inflow can be calculated at minimum operation cycle when:

dT/dQj,= 0

26



By substitution in equation (5), then:
Q

2 e (6)

Qip =

© is called the (Critical inflow)

That means operation cycle time is minimum when the inflow Qin is half the capacity
of the pumps. By substitution in equation (5) from equation (6), then the minimum

operation cycle time will be:

4V,
Tmin = R R L (7)

Then, the minimum operation cycle time will be determined in advance and then
sump volume is calculated which achieves cycle time T greater than Tmin for the

inflow to the plant.

Therefore, the minimum active volume for the sump is:

Trmin.Q

Il = == imisiedesssssssranssmansssassssserss B
Vmin = T e (8)

From this formula, minimum active volume for the sump can be calculated for

certain number of starts of the pumps per hour.

The same formula (8) can be used in the following form:
09 Q
Z

Vmin =

Where:
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Vmin = Is the minimum sump active volume (in cubic meter)

Z = Number of starts of the pumps per hour (rate of operation)
Q = Flow of the operating pumps (Liter / sec)

Determination of number of starts for the pumps per hour depends on pumps
capacity, type and manometric head against which it works, taking into
consideration that as the number of the required starts per hour increase as the cost

of the electrical motors and control devices highly increase.

Accordingly, as the capacity of the pumps increase the power of their motors
increases, this requires decreasing the number of starts per hour (operation rate) to

preserve the economic terms in the construction of the plant.
1-3 Rate of operation of the pumps

Number of starts/ hour will be according to the following limits (according to the

electrical motors power necessary to turn the pumps).

Less than 5 KW 25 starts / hour
More than 5 - 20 KW 20 starts / hour
More than 20 - 50 KW 15 starts / hour
More than 50 - 100 KW 10 starts / hour
More than 100 - 200 KW 6 starts / hour
More than 200 KW 4 starts / hour

28



When preparing specifications of the electrical motors, it should mention the

required number of starts per hour.

Fig (2-2) shows the relation between operation cycle time T (or number of starts
per hour Z) and the ratio of inflow Qin to flow of the operating pumps in the plant Q

and stop times ts and start times te for the pumps in the three cases

Qin/@=0.Qin=@.Qin=9

1-4 Calculation of the volume is divided into the following three cases:
- Pumping station with single pump

- Alternating use of two pumps

- Multi-pump system
A) Pumping station with single pump

Inflow volume during one cycle

V=Qpu.T

As it is required to pump the same volume from the station during the operation
time, then:

Vo= Qt

Where:

Q = Pump flow

t = Pump operating time

Therefore:

Qin. T = Qt

29
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Fig (2-2) the relation between operation cycle time T (or number of starts per hour Z)

and the ratio of inflow Qin to flow of the operating pumps in the plant Q
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When the pump stops, the volume Vi, which is equivalent to the actual volume

between start and stop levels will be filled during a time equal to (T-t).

Therefore, cycle time is:
Vi Q
Qin Q - Qin?

T =
And, the operation rate (z) which is the reciprocal of (T) is:

Qin Q - Qin®
YhQ

Z=

From this formula, it is clear that the operation rate (Z) is a function of the ratio
Q/Qin

Fig (2-3) shows the relation between operation rate and pumps flow

The maximum operation rate can be calculated by differentiating the previous

relation:
dZ - Q-20Qin
dQin Vh@Q

This ratio is equal to zero when Qin=1/2Q

By substituting with this value of the inflow Qin in the operation rate equation:
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Q
4 Vh

Zmax =

Therefore, the actual volume, which equivalent to the maximum operation rate is:

Vh= Q
4 Lrmax

Fig (2-4) shows the relation between the active volume and pumps flow at the

required operation rates

B) Alternating use of two pumps

Fig (2-5) is an illustration diagram for operation of two similar pumps in the

pumping station.

When the water level in the sump reaches to the first start level, one of the two
pumps starts to operate (Pump A). If the pump flow Qi is greater than the inflow Qin,
the water level continues to decrease until the stop level at which (Pump A) stops
operation, then the water level starts to increase again until reaches to the first start
level at which the second pump (B) starts operation, in other word the two pumps

are operated alternately.

If the inflow Qin is greater than the flow of one pump Qi then the water level
increases to the second start level, and the other pump starts to operate. If the flow
of the two pumps together (combined flow of the two pumps) Qu is greater than the
inflow then the water level decreases until it reaches to the stop level and the two

pumps stop operation together.
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From fig (2-6) it shows the following:
1- When Qin/Q,<I

In this case, the active volume ¥Yh can be calculated from the following formula,

provided that the two pumps are operated alternately:
Q
8 Zjmax

Vh=
Fig (2-7) shows this.
2- When Qin/Qr > |

In this case, there are two other factors affecting the operation rate, the ratio Vi'Vu
and the combined flow of the two pumps together Qu (which is determined by the

friction loss inside discharge pipe)
The volume Yh is corresponding to the head H in fig (2-5).
Therefore, the following formula can be deduced:

QIVH - Vhi OnVu
+
Qin” - Q1 Qi Qin Qn - Qin?

Zy =t

The right side of the nomogram in fig (2-7) shows the maximum operation rate Zn

max by solving the previous equation using the computer.
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37



Zrmax

I
" === - T
¥ EEH ] =533 | =F £ IE:‘ | I\"\.:%_
“HM = = M e S aa
mi L] It _ LI Ny {J: = ::H“‘“&;Q'\ \\\hll
Jog pa "/ I r_‘E —d :;i_ :"-:\\ 11_
S S EstERn i~ MY SN RN
o — ] 4 - e
o B (S 2 62t e e NS AR
L Lid J';-t /’";2 A v
11 zarsrifan BN i i el (o B Bl Bl P [
] )f J.! //," _____i___ﬁ iF
. At o s i PR —/-,-'f 413
=il =it 2 1007
| LML AL kel }"?‘Z _|d
il ﬁirf 71 1] é/ 9
B f," |~ e _; = -
o _J,w AN f'F___ I .J,_.-\-ﬁ"% gg ._:; Q
A F — == = - — e e
27 HIII=FFH = LZZ\ _...I___.r.;
a4 A A --H
,ZZ; e I.. m—— pa— Lo
% | d
2. L1 |
£ I o0 g, (frs) D0 Iooo
L @infQr </ J_ Qirfap>i

Fig (2-7): Nomogram for operation rate of two pumps operate alternately

38



Fig (2-8) shows the relation between operation rate and the ratio Qin/ Q1. It shows
that the operation rate is sharply increase when the two pumps are operated

together in parallel and the maximum operation rate Zi max is very critical.

Fig (2-9) shows the effect of the ratio Yh/YHon the operation rate curve Z when VH

is constant and Yh is variable.

Fig (2-10) shows the effect of the ratio @Il on the operation rate curve Z when
the ratio YWVYH equals 0.8. It shows that the value of Zi max decrease with the

increase of the losses in the discharge pipe.

C) Multi-pump system
In this case, there are two operation systems:
- When the operating pumps have common stop level

- When the operating pumps have stepped stop levels.

The first system, common stop level

Fig (2-11) shows the first system when the pumps are operated in stepped starting
levels but have common stop level (in this case, the pumps must be operated

alternately in order that the number of operating hours is equal for the all pumps).
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The first system can be applied in the design of the pumping stations with multi-

pump when the sump volume is small.
Advantages of this system:

- Avoidance of occurrence of floating flocks or sludge sediments at the bottom of

the sump.

- Easy balance between operation hours for the operating pumps, but this system

requires the existence of effective system for prevention of water hammering.

Disadvantages of this system:
- Itrequires expensive system for prevention of water hammering.

- Failure to obtain continuous flows from the pumping station.

The second system, stepped stop levels
Fig (2-12) shows the second system with stepped start and stop levels.

This system is applied in case of design of pumping station with multi-pump when

the sump volume is relatively great.
Advantages of this system:

- The ability to obtain regular flows from the station without sudden changes

(such as in the cases of pumping flows to the treatment plants)

- Avoidance of construction of expensive water hammering system.
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- Overlook the existence of a layer of floating flocks or sediments in the sump,

where this can be treated with other methods.

Calculation of sump volume in the first system (common stop level)
1- Relation between the default flow of pump k and capacity of pump 1

i = ik
k T i)

2- Relation between the default actual volume for pump k to volume of pump 1
Vi: = Vi min )
V1 min
3- Relation between the flow of pump k and the sum of flows of the previously

operated pumps (flow factor)

M= __ S (3)
=
= j=1 |.||
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4- Volume factor for k pumps

. k .
S]] Ejﬂl Vi
Or =
k k _
! =1 Q'
N
1'|=I Vi

4 }.'._I i

(4}

Fig (2-13) shows the relation between volume factor “k and flow factor "k for two,

three or four pumps operate with the first system.

To calculate minimum active volume for a pumping station operates with the first

system, formulas (1), (2), (3), (4) shall be applied with the curves shown in fig (2-

13).

First Case

If the operating pumps are similar and pump their flows in separate discharge lines

QlZQEZ ....... ::QL

Hence,

Tl min=T2min=...... =Tk min

From formula (1)
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A) Active volume for pump (1) is calculated from the formula:

T1 nun (8]

Vimin =

4

B) The factor "k is calculated from formula (3) for all operating pumps, and from

the curves shown in fig (2-13), “i& for these pumps can be calculated.

C) By substituting in formula (4), ¥k can be obtained for all pumps,

D) From formula (2), ¥™in can be calculated for all pumps, where:

Vimin = v vy min

E) By summing active storage size for all pumps from 1 to K, the total storage size
Vrmin can be calculated for the plant.

F) Storage head Hk can be calculated for each pump from the formula:

1" Iy (AR M
IIL — —

SN Agey

G) By summing storage head from H! toHk, the total storage head HT can be
calculated for the plant.

Second Case

If the operating pumps are similar and pump their flows in common discharge line,

in this case also:
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Ql =Q2 = ... = Q

And,

TImin = T2min = ......= Tk min

A) Values of Yk, then values of Yk can be obtained as in the first case.

B) As the flow of each pump decreases as the number of the operating pumps

increases at the same time, that means calculations of the partial volumes Vi min i)
be done for different values of the volume VI min which depends in turn on

different values of the flow Q1.

Tl min QI
VIimin = ——e—m—mbm
4
Vg min = Vg VI min
Hy = Vi min
Sump area

C) The sum of Yk M0 for all pumps is the total actual volume ¥'T ™N and the sum of

Hy for all pumps is the total head HT

Fig (2-14) shows nomogram links the above formulas

By applying this nomogram, more accurate results can be obtained for the actual

operation cases.
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Third Case

If the operating pumps are not similar and pump their flows in separate discharge

lines

Fourth Case

If the operating pumps are not similar and pump their flows in common discharge

lines

* In third and fourth cases, the same steps used in first and second cases shall be
applied respectively to obtain the active storage volume and the corresponding
head.

Calculation of sump volume in the second system (stepped stop levels)

The following formulas will be used in this case:

Vi
= 1/4 (1)
Where:
n = Number of the operating pumps
VT = Minimum total sump volume

Vi = Minimum volume for pump Pi that achieves operation cycle time:

T=T;

Ti= Minimum operation cycle time for pump Fi

52



Qi= Flow of pump Pi

Hence, the distance between start and stop levels for pump Pk can be calculated

from the following equation:

Vi
Hy = K .
ey (2)

Where:
Vk = Sump volume necessary for pump Pk
Ax = Area of the sump corresponding to volume Vx

The total water head inside the sump is:

i=1 “i {F“

First Case

If the flows of the operating pumps are equal and pump their flows to separate

discharge lines equal in length.

In this case:

(2l o= 02 =0 :Qk
Tymin= Tamin = ..., = Timin
From formula (1), the total storage volume VT can be calculated.

Also, the distances between start and stop levels are equal for all pumps

Hy = Hy = ... =Hy
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From formula (2), the total head of start and stop levels can be calculated

Second Case
If the operating pumps in the plant pump their flows in common discharge line.

In this case, flows of the pumps are different for different number of pumps

operating at the same time.

Fig (2-15) shows the difference in the value of pumps flow for different number of

operating pumps.

(A) Flow of each pump Qk will be calculated.

(B) Equivalent volume Yk for each pump “k will be calculated.

By applying formula (1), total storage volume VT can be obtained.

(C) The distance between stop and start levels Hk can be calculated for each pump.

By applying formula (2), the total head HT for start and stop levels can be obtained.

Fig (2-16) shows the relation between pump flow Q and minimum active storage

volume Ymin that achieves operation cycle timeT'min,

It is clear from the figure that the total minimum storage volume for certain total
flow depends only on minimum operation cycle time Tmin and not on the number of

the operating pumps and their corresponding flows.

- Hence, sump volume deceases only by the decrease of the operation cycle time.
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- The same diagram shown in fig (2-16) is used to ensure from the minimum

operation cycle time for certain pump installed on the sump.

- The same diagram is also used to test the pumps of suitable flows if it is

determined the sump volume and minimum operation cycle time.

For the first and second systems, the following must be taken into consideration:

1- Addition of head of minimum stop level to the total head H equivalent to the

active storage volume to calculate sump storage depth.

2- Taking into consideration change of water level inside the sump, and hence
change of static head Ho in the calculation if the difference between start and

stop levels is big.

2-5 Distance between start and stop levels

Must take into consideration that the start and stop levels are not near to each other
to avoid occurrence of surface waves on the water inside the sump that may affect
accuracy of adjusting start and stop levels. Generally, the distance between start and

stop level must not less than 20 cm.

1-6 Minimum level of water in the sump (Stop Level)

Minimum allowable level inside the sump is determined according to the required
NPSH. In all cases, this level must not less than top of pump casing to ensure that

pump impeller is totally submerged in water.
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1-7 Maximum level of water in the sump (Start Level)

The maximum level of water in the sump is determined to a level that does not allow
fullness, stoppage of water flow inside the collection network connected to the
plant, occurrence of back water curve or surcharging. So, the start level must not

exceed bottom of the sump inlet pipe.

1-8 Volume Head

After determining sump active volume ¥H, stop level and start level are determined
according to what mentioned above. The difference between the two levels H is the
water head inside the sump which is equivalent to sump active volume¥H. As the
start level is determined by sump inlet pipe, the stop level, and hence the sump
head, are determined by the designer and should take into consideration the

following factors:
1- Land area available for construction of the sump.

2- The surface area required to install pumping units (pumps and their

components) which is an effecting element in determining sump dimensions.

3- Level of main inlet gravity line to the plant.
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4- The possibility to reach to the required level of sump bottom from construction
point of view by considering nature of the soil, level of groundwater and the
economic cost in comparison to the increase of the surface area of the sump and

safety of the adjacent buildings.

Usually the head H between start and stop levels is from 0.8 to 3 m according to

capacity of the plant.

1-9 Determination surface area of the submerged sump in case of circular sump

After determining sum active volume YH and the head H, equivalent to this volume
according to what mentioned above, the surface area of the submerged sump can be
calculated from the following formula:

Vi

g = o
o T (1)

For the circular sump, the sump is usually divided into submerged part and dry part

by a ration of 1:1 or 1:2 respectively.

That means surface area of the submerged sump is represented by a segment of a
circle area with height (h), arc length (b) and chord (S). To calculate the area of the

circular segment, the following formula is used:

b 5
Ay = — - ——{(r-h) (2)

2

Where:
r = Radius of the circular sump

h = Height of the circular segment
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ar

When the heighth= 3
Therefore,

A = LUy ! K}

1-10 Calculation of circular sump diameter
After calculating surface area of the submerged sump according to equation (3)

Circular sump diameter (D) can be calculated (submerged + dry) from the following

formula:
Ay
= sl
LEAM K
Or,
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1-11 Centrifugal Pump Design

1-11-1 Symbols, Units and Designations

Symbol Unit
Impeller diameter D Mm
Nominal bore of pipe or pump nozzle DN Mm
Conversion factor for total head Fu -
Conversion factor for flow rate Fq -
Conversion factor for efficiency Fa -
Gravitational constant =9.81 G m/s?2
Total head H m
Total system head Ha m
Static head Hyeo m
Shut-off head H,, m
Head at best efficiency point Hupm m
Static suction lift Hs e m
Static positive suction head. LE e m
Head loss H m
Head loss- suction side Hy, m
Differential head AH m
Speed n Min-1
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NPSH required NPSHreq m
NPSH available NPSHay m
Specific speed I 1/min
Pump power input p Kw
Pressure at outlet suction of plant Pay N/mZ(bar)
Barometric pressure Pb N/m?(bar)
Pressure at pump discharge nozzle P2 N/m?2(bar)
Vapor pressure of liquid Pv N/m?(bar)
Pressure at inlet section of plant Pe N/mZ(bar)
Pressure at pump suction nozzle P N/m?(bar)
Differential capacity Q (m3/h)
Flow rate Q (m3/h)
Minimum flow rate Qmin (m3/h)
Optimum flow rate Qopt (m3/h)
Flow velocity \Y m/s
Flow velocity at outlet section of plant Vav m/s
Flow velocity at discharge nozzle V2 m/s
Flow velocity at inlet section of plant Ve m/s
Flow velocity at suction nozzle Vj m/s
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Height difference between pump suction and discharge 71,2 m
nozzle

Loss coefficient & -
Pump efficiency n -
Friction coefficient A -
Kinematic viscosity v m2/s
Density P Kg/m3




1-11-2 Pump Percipients

1-11-2-1 Pump flow rate

The flow Q is the volume of the outlet liquid per unit time and is measured in cubic
meter per hour or liter per second.

1-11-2-2 Pump head

The head H of the pump is the active mechanical energy (potential energy)
transferred by the pump to the liquid required to be pumped and is measured by
meter and does not relate to the specific weight of the liquid.

1-11-2-3 System head

Total head for the system Ha consists of:

1-11-2-3-1 Static head HE“U, is the difference in height between suction and
discharge levels of the liquid. If the pipe pours over the liquid level, the static head
will be referred to the axis of the pouring pipe.

1-11-2-3-2 Differential pressure between suction and discharge levels of the liquid
in the closed systems

Pav - Pe

_ p.g
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1-11-2-3-3 Sum of losses in pressure I H;

[s the friction loss in the pipe and the losses in the valves and special pieces in both
suction and discharge pipes.

1-11-2-3-4 The pressure resulted from the difference in velocities at inlet and out let
of plant.

2
Viay - Vze

2g

Therefore, the total head of the system is:

Pay = Pa YV, - V2
" 'y c

HA = Hgn‘:ﬂ+ 4 EHJ-

P8 g

In practical application the pressure resulted from the difference in velocities at
inlet and outlet is neglected. Equation (1) will be used for the closed systems and
equation (2) for open systems.

P, P,

Hya = Hoeo +—— = 4+ s H

A 2 b2 I (1)
Hp = Hgt:n +: B H_[ (2)

1-11-2-4 Speed

In case of using electrical motors, the speed depends on the number of poles of the
winding of these motors. The available actual speeds are approximately as follows:

Number of Poles 2 4 6 8 10 12

Speed (RPM) 2900 1450 960 725 580 480

To calculate these speeds, see electrical motors chapter.

(4 - Sanitary Drainage Treatment Plants code - First Volume)
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1-11-2-5 Calculation of pump absorbed power

1-11-2-5-1 Pump power input

Pump power input P is the mechanical power on pump shaft absorbed from the
driving device. It is calculated from the following equation:

p.g.Q.H
P = KW
1000 . 1

1-11-2-5-2 Drive Power

Due to change of pump flow and change of operating point from that specified in the
design, that means increase of pump power input, it is required to use safety
margins in the practical applications when determining motor power. These
margins should not less than the following limits:

- Motors up to 7.5 KW 30%
- Motors greater than 7.5 to 40 KW 25%
- Motors greater than 40 to 100 KW 20%
- Motors greater than 100 KW 15%

This increase is calculated from the maximum absorbed power on pump shaft over
the expected operation range on Q-H curve, taking into consideration the following:

- Required impeller diameter.
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- NPSHav must be greater or equal to NPSHreq

- Value of P/n for pump fulcrums.

1-11-2-6 Pump Curve

At fixed sped for the centrifugal pumps, pump flow Q increase as the head H
decreases. Hence, the pumps have the feature of self-regulation. Pump power input
P, the efficiency ¥l and NPSHreq depend on the capacity.

Theses parameters are represented on the pump curve which shows its operation
features.

- The curves are drawn taking into consideration that the density is P and the
viscosity is V, unless otherwise stated.

Fig (2-17) (A, B) shows this relation between the parameters of centrifugal pumps.

Operation conditions of the pump are determined if it is better to use flat curve or
steep curve. In case of steep curve, pump capacity is changed lesser than in case of

flat curve under the same conditions of differential head AH

Fig (2-18) shows the two curves, where it indicates that the steep curve has better
control features.
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1-11-2-7 System (Piping) Characteristic

- Total system head Ha is drawn against pump capacity Q to give system (piping)
curve. This curve represents both static and dynamic heads of the system.

- Static part consists of static head Hgeo (which does not depend on pump capacity)
added to it the difference in pressure between pressure at outlet section of plant Pay

and pressure at inlet section of plant Pe (in case of closed system only and not used
in open system).

- Dynamic part consists of head loss Hj which is increasing with square of the
capacity added to it the difference in velocities between Flow velocity at outlet
section of plant Vav and Flow velocity at inlet section of plant Ve

Vagy - Ve
%
Fig (2-19) shows System (Piping) Characteristic.

1-11-2-8 Duty operating point

Duty operating point will be determined for each pump, which is the point of
intersection of pump curve (Q-H Curve) and system (piping) curve. This point is not
changed (and hence the flow Q and the head H) for the pump unless the pump speed
n, impeller diameter D or system characteristic are changed.

Fig (2-20) shows change of the operating point by the increase in speed n, while fig
(2-21) shows change of the operating point by using gate valve.
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1-11-2-9 Parallel Operation

In case of inability of one pump to give the required flow Q at the operating point B,
it is possible to obtain it by operating two or more pumps in parallel and all will be
pumped in the same pipes system. In this case, it is preferred (for economic reason)

to be the pumps of same size (symmetrical).

Fig (2-22-A) shows operation of two symmetrical pumps in parallel to give each half
the required flow Q at the same head H, while fig (2-23) shows the use of two
pumps have different flows Qi and Qu, where they are pumping in the same pipes
system at operating point B. Flow Qi of pump I and flow Qu of pump II are added to
obtain the total flow Q which is equal to (Q1 + Qu) at the same total head H.

1-11-2-10 Series Operation

In case of inability of one pump to give the required head H for the plant for certain
flow Q, the required head can be achieved by operating of two or more pumps in
series, where the first pump is pumping in the suction line of the second pump, and
so on. The head Hi1 of the pump 1 is added to the head H2 of pump2, and so on, to
obtain the total head H at the same flow Q.

Fig (2-22-B) shows operation of two symmetrical pumps in series.
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1-11-3 Suction Characteristic
1-11-3-1 NPSH required

Centrifugal pumps are not operating safe unless there is no vapor inside the pump.
Therefore, the pressure at the datum level point of NPSH must not exceed liquid
evaporation pressure. Datum level point is measured from the axis of pump

impeller.

NPSH required is expressing the value of the pump measured in meters and is

plotted on pump curves and added to it 0.5 m as safety factor.

1-11-3-2 NPSH available

Datum level point of NPSH available is pump suction nozzle axis. In case of
horizontal pumps with volute casing, suction nozzle and impeller axes are located at

the same level. Any difference must be taken into consideration.

1-11-3-2-1 Determination of NPSH available in case of existence of suction lift. In

this case, pump axis is higher than the level of the liquid required to be pumped.

Pe ¥ Pp -P2 Ve?
NPSH,y = b
p.g 2g  -Hjl - Hggeo
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Provided that the liquid is fresh water and using open system, then:

Ph = 1 bar (105 N/mz2)

Po = 0 bar

p = 1000 kg/m3

g = 10 m/s2 (including 2% error )

Vel

By neglecting the value 22 , where the velocity inside suction tank can be neglected,
then:

NPSHay = 10 - Hyl - Hggeo
This is shown in Fig (2-24)
1-11-3-2-2 Determination of NPSH available in case of existence of positive suction

In this case, the pump will be under the level of the liquid required to be pumped.

PC+Pb-P2 vcz

NPSH av = S + T Hji + Hsgeo

By taking the same assumptions in 1-11-3-2-1, then:

NPSHay =~ 10 - H]l + Hsge;o
This is shown in fig (2-25).
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Fig (2-24): NPSH available on suction head
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Fig (2-25): NPSH available at positive suction
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1-11-4 Head Loss Hj

1-11-4-1 Head loss in the straight pipes

Head loss is calculated in the pipes from the formula:

v

2

Hy = = -
Fig (2-26) shows nomogram of the head loss Hj for each 100 m of the cast iron
pipes as a practical application for this formula. The values extracted from this
nomogram are applied when using clean (fresh) eater at 20°C, provided that the

pipes are fully filled and manufactured from grey cast iron lined with bitumen.

The nomogram shown in fig (2-27) can be used to extract the loss head H;j for
other types of pipes according to surface roughness coefficient (K). Also, the

tables or the curves shown on Colebrook equation can be used.

The tables attached with Annex (5) are used to determine the head loss for each
linear meter of the pipes to extract the value of Hj directly (as a practical

method).

1-11-4-2 Head losses in valves and special pieces

By applying the same formula in 1-11-4-1, the nomogram shown in fig (2-28)
can be used, and also the tables (2-1) and (2-2) to extract the value of the head

loss Hj and the loss coefficient in valves and special pieces.

The nomogram shown in fig (2-29) is used as a second practical application for
this formula. Practically, friction loss for special pieces can be taken 10% of the

friction loss.
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Pipe loss nomogram
for clean water 20°C
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Fig (2-27): Head loss ("" ) for different types of pipes according to surface roughness

coefficient
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Table (2-1): Loss Coefficient in Valves
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Table (2-2): Loss Coefficient in Special Pieces
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1-11-4-3 Head losses for viscous liquids in straight pipes

Head loss for viscous liquid with, serial no. F1 can be calculated after obtaining the
head loss of the fresh water as indicated in item 1-11-4-1 from the formula:
AFYy
Hipy = 5~ Hiw

w
Where, A is the friction coefficient of the liquid.

Fig (2-30) shows values of the friction coefficient A for the straight pipes (Viscosity

of the liquid W is known)

1-11-5 Changing the pump performance
1-11-5-1 Changing the speed
For the same pump, different curves can be obtained when using different speeds.

These curves are related to similarity law. If the values of the flow Q1, head H1 and
the power P1 are known at certain speed ni, then the new values of these

parameters at new speed nz can be obtained as follows:

Q?, = 2 . Qt
]
n 2
Hj=(—“2“'|")',HI
P3=(_"i}3.pl

nj
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Fig (2-30): Friction coefficient ¢ ™’ for viscous liquids in straight pipes
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- Changing the speed n leads to shift of the operating point B. Fig (2-31) shows
three curves for the pump at three different speeds. Each curve intersects with

system curve at three different operating points.

1-11-5-2 Trimming the impeller

To obtain permanent decrease in the output of the centrifugal pump that operates at

fixed speed, this requires decrease of impeller diameter D.

- Pump manuals contain curves selected for these pumps at typical impeller
diameters of these pumps. Any other curve in between can be obtained by

trimming the impeller of greater diameter directly.
- When changing pump impeller diameter of radial flow, the relation between the
flow Q, head H and diameter D is as follows:

D, ., Q H
(D) = = Wy

From this formula:

D2 ~ DI J—E

Qi
Or,

D2 ~ Dty 2

Fig (2-32) shows the effect of changing impeller diameter on head and flow of the
pump. To determine new diameter for the impeller to verify the actual operating

point Bz, it will be as follows:

- Use Q-H curve diagram. Connect straight line passing from the origin of the curve
(at Q = 0 and H= 0) to the operating point B2 and intersecting the original curve of
the impeller of greater diameter (required to be trimmed) D1 at the operating point
Bi1.
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- Determine the value of H and Q in the first case (1) and second case (2)

- Theses values are used to obtain approximate value for the new diameter D2 by

substituting in the previous formula.

1-11-6 Pumps description at pumping station

After determining the inflows to the pumping station during the design period
starting from the existing flow to the expected future flows until the end of this
period (target year) as well as inlet pipe level to plant sump and levels of outlet
discharge line from the plant. The used pumps in the pumping station are described

as follows:

(A)Number of pumps installed in the station
(B) Flow rate of all pumps.

(C) Head and operation range of the pump.

(D)Design requirements of the pump (Type- speed- water flow velocity at suction

nozzle- diameter of allowed solids)
(E) Construction materials for the project.

(F) Method of pump installation (vertical installation with direct coupling through

driveshaft- horizontal installation- submersed)

1-11-6-1 Number of pumps installed in the station

Number of pumps installed in the station depends on the volume of the inflow and
the nature of the plant of being temporary, permanent, substation or main plant, and

flow rates over the year and during day hours.
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This also depends on the used pumps and their need to periodic maintenance
works, assembly and disassembly of the pump, provision of spare parts and their
continuous operation under normal operating conditions and in emergency cases,
the effect of stop operation of the plant on the surrounding environment (site
conditions), ability of the gravity network at the served area to store and provide
disinfection means of this network, its ability of self cleaning of pipes according to
their design. In all cases the number of the pumps installed in the station must

subject to the following formula:

Number of installed pumps = Number of the operating pumps for lifting maximum
flows to the plant in peak hours + emergency pump + one pump at least in

maintenance.

Number of the operating pumps in the plant must not exceed 50% of the installed
pumps. The emergency pump must has flow equal to the flow of the greatest pump
installed in the plant in case of using unsymmetrical pumps in capacity (different
flows) inside the plant. An additional pump of each used capacity will be put in

maintenance in addition to the operating pumps and the emergency pump.

1-11-6-2 Calculation of pump flow rate

To calculate flow rate of each pump installed in the pumping station, the following

must be followed:
A) For Symmetrical pumps in capacity

In case of using symmetrical pumps (similar flow at the same head point) to lift the

inflow to the pumping station, this will be done using the following steps:
- Determine maximum flow of the plant Qmax

- Calculate peak flow Qp by using suitable peak factor according to plant capacity

(Studies Chapter).
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- Determine number of the operating pumps to lift the peak flow Qp
Usually:

1-2 pumps for flow rates up to 200 liter/s

2-3 pumps for flow rates form 200- 1500 liter/s

3-4 pumps for flow rates greater than 1500 liter/s

- Flow Q of one pump is calculated in liter/ sec from the following formula:

Peak flow Qp (liter/sec)

Q (liter/sec) =

Number of operating pumps in the plant

B) For pumps with different capacities inside the same station

Pumps with different capacities are used inside the same station in case of irregular
inflows to the plant over seasons of the year or over day hours that can not be

accommodated by the storage in the sump.

Therefore, the operating pumps over day hours are changed with the change of the
inflows. Number and capacity of the used pumps are determined according to the

graphical chart of plant inflows.

When determining the different capacities and number of the pumps, the following

must be taken into consideration:

- One (or more) pump is used for lift average flows according to plant capacity (as
in MA")

- One (or more) pump is used at certain level for the water collected in the sump

(Level 1).

- One (or more) pump is used at level higher than the allowed level for collection

of water in the sump (Level 2).
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Capacity of the first pump Q1 is calculated from the following formula:

Plant average flow (liter/ sec)
Q1 (liter/ sec) =
Number of Pumps

Capacity of the second pump Q2 is calculated from the following formula:

(Max daily flow Qmax — Average Flow) liter/ sec
Qz (liter/ sec) =
Number of the additional Pumps 1

Capacity of the third pump Qs is calculated from the following formula:

(Expected emergency flow - Max daily flow Qmax) liter/ sec
Qs (liter/ sec) =
Number of the additional Pumps 2

Sum of the number of pumps in the three previous cases represents number of the
operating pumps in the station.

1-11-6-3 Total head and working range

A) The total head is calculated according to Item (1-12) taking into consideration

diameter of the discharge line and operation of the pumps in parallel, if any.

- In case of using two pumps in parallel to lift the peak flows, total head of each
pump will be determined according to the operating point of the two pumps

together.

The flow corresponding to this point is divided into two. This point is considered the

design point of the required pump.

(This principal will be considered also when operating more than two pumps in

parallel)
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B) Working range of the pump is determined taking into consideration the

following:

- The pump is given 30% of the design flow at least at maximum working range
(upper point)
- Operation of the pump on a range from 80% to 110% of the design head at least.

- Maximum head of the single phase centrifugal pumps does not exceed 65 m.

- The lower point of the working range is safely covered in case of operation of

one pump when operating two or more pumps in parallel.

1-11-6-4 Design Requirements

When describing the required pumps for the pumping station, the following must be

specified:

1-11-6-4-1 Type of Pump

- Type of pump will be determined according to the total head of the plant
(Item 1-13)

- When using centrifugal pump, its type will be determined according to the

following:
Radial flow pump, in case of big head (more than 40 m)
Mixed flow pump, in case of medium head (from 10 to 40 m)

Axial flow pump, in case of small head (less than 10 m)

100



1-11-6-4-2 Speed

Pump speed is determined according to the required pump design by the producer.
When selecting pump speed, it must achieve maximum possible efficiency for the
pump at the specified operating point, durability of the rotating parts at high speeds,
rate of its consumption, type of the materials used in lubrication, wear rates of
fulcrums, the materials used in manufacturing the pump, in addition to the liquids

required to be pumped and to what extend they contain solids and sands.
In all cases, the speed is:
750- 1500 rpm for pumps of capacity more than 50 liter/ sec

1500-3000 rpm for pumps of capacity less than 50 liter/ sec

1-11-6-4-3 Flow velocity at suction nozzle of the pump

Flow velocity at suction nozzle of the pump must not exceed 4 m/sec at design

operating point.

1-11-6-4-4 Diameter of allowed solids

Diameter of the allowed solids passing through pump impeller is specified according
to the expected suction nozzle diameter, flow rates, allowed velocity in suction pipes
and suction nozzle of the pump taking into consideration type of pump impeller and

pumps efficiency, where the efficiency deceases as the allowed solids size increases.
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Usually, diameter of the allowed solids is:

- 50 mm, for pumps of flow up to 30 liter/ sec

- 75 mm, for pumps of flow from 30 to 100 liter / sec

- 100 mm, for pumps of flow from 100 to 200 liter / sec
- 125 mm, for pumps of flow from 200 to 400 liter / sec

- 150 mm, for pumps of flow more than 400 liter/ sec

1-11-6-4-5 Construction Materials

The following construction materials will be taken into consideration when

specifying pumps for normal uses to lift liquid waste of the sanitary drainage:
Pump casing: Cast Iron

Impeller: Cast Iron

Drive shaft: St. St.

Wear rings: Bronze

When specifying pumps for special uses or the liquids required to be lifted contain
chemicals (acids or alkalis), it is recommended to consult the producers to specify

the suitable materials.
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1-11-6-4-6 Pump Installation
Method of pump installation and design of suction sump are specified as follows:
- Vertical installation with direct coupling between the pump and the motor.

This method is used in case of small suction depths which does not exceed 5 m

under ground surface.

- Vertical installation using cardan shafts to connect between the pump and the

motor provided that the motors are installed over ground surface level.

This method is used in case of deep suction exceeds 5 m under ground surface or if

the location is subjected to drowning.

It is not allowed to increase inclination of the cardan shaft more than 3° (three

degrees) from vertical axis.

- Horizontal installation with direct coupling between the pump and the motor.
This method is used when using self priming pumps installed over ground
surface and suck from underneath collection sump or when using pumps
installed in dry pit and suck from adjacent collection sump through suction pipe

lines and to provide protection for these pumps from drowning.

- Submersed installation of the pumps inside wet collection sumps. This method is
used for pumps with motors of protection degree IP68 submersed in water. This

method is used in temporary pumping stations or stations with small flows.

Annex (1), attached with this volume, shows models of pumping stations with

different installation methods for pumps.
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1-12 Selection of pump suction and discharge pipes

When selecting pump pipes system, equipments, operation and maintenance costs
must be taken into consideration over the lifespan of the pumps before specifying
diameter of main discharge line of the plant as well as effect of diameter and

position of the suction pipe on pump performance and its lifespan.

1-12-1 Design of suction pipes

Design of pump suction pipes system has great effect on pump performance. Wrong
design causes problems during operation of the pump such as cyclone flow and
entering air to the pump which leads to damages to the pumps and wears away in a

period less than the expected lifespan.

As it is difficult to correct or rearrange suction pipes system after construction, it is
important to care from the beginning of the design of this system and take the

following points into consideration:
A) Immersion depth of suction pipe (Immersion Depth)

The suitable distance between suction pipe nozzle and suction sump bottom is
greater or equal radius of suction pipe nozzle. This distance must be increased in

case of existence of great accumulation of sands and sediments at sump bottom.

B) Water must cover suction pipe inlet to a suitable depth to prevent formation of
vortex that may cause formation of air cave of tube shape extends from liquid

surface to suction pipe.
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- Minimum cover of the liquid over suction pipe nozzle (pipe free end) must equal

to inlet velocity head added to it 0.1 m as a safety factor.

Smin = Y38 +0.1 (m)

I
Where:

Vs = flow velocity in suction pipe (m/sec)

Smin = Minimum cover of the liquid over suction pipe nozzle (m)

* Maximum flow velocity in suction pipe must not exceed 3 m/sec.

C) Distance between free end of suction pipe and suction sump walls.

Distance between suction pipe axis and the wall must not less than one and half the

diameter of pipe nozzle.

D) Distance between suction pipes axes must not less than three times the diameter

of the pipe nozzle.

Fig (2-33) illustrates the distances mentioned in (A), (B), (C) and (D) above.

E) Suction pipe must be short to the possible extend and inclines toward the pump
and to avoid existence of a valve in vertical position adjacent to pump suction

section.
F) Avoid use pipes with head and tail and use pipes with flanges.

G) Do not use elbow just before the pump to ensure smooth flow of water at inlet of

the pump.
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Fig (2-33): Distances between suction pipes and sump bottom and walls, distances

between pipes axes and the cover over pipe nozzle
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H) Pump suction pipe and sump inlet pipe must be apart from each other to prevent

entrance of air in suction pipe and to ensure that the inlet pipe does not discharge

directly in inlet of suction pipe.

[) When design pump water suction pit, the following should be taken into

consideration:

1. Prevent entrance of sands and sediments to suction lines.

2. Arrange location of the pipes in order to ensure equal distribution of water to all
pumps.

3. Arrange the pipes in a way that prevents overlapping between any pumps.

4. Laying pump suction pipes as far as possible from the center of the sump.

5. Smooth water flow in the direction of suction pipes.

6. Facilitate check and inspection of suction pipes and decrease risks that may

subject the pipes to breakage.

Fig (2-34) illustrates correct design of suction pit.

1-12-2 Determination of discharge pipe diameter

When specifying diameter and type of the type, it is necessary to perform full study

of the resistance in the pipe lines, effect of water hammering and future expansion

plans for the pumping stations.
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As the resistance in the pipes line is inversely proportion to the fifth power of pipe
diameter, the first matter that should be taken into consideration is the calculation
of the friction loss in discharge line. So, when transfer the water for long distances, it
is necessary to select greater pipe diameter, whatever the high cost of the big
diameter, where the difference in cost can be compensated by decreasing operating

cost over the long term.

For future planning, where the flows increase in pipes line, it is necessary to specify
discharge line diameter carefully taking into consideration the expected increase,
lifespan of the used pipes and cost of replacing these pipes in order to reach to safe
more economic pipes line over operation period of the pumping station (lifespan of

the plant or target year of the design period).
Therefore, to select discharge line diameter, follow these steps:
A) Determine the peak flow Qpeak

B) Discharge line diameter is initially calculated from the following formula:

= [4Qp
D= [

Where:

D = Discharge line diameter (m)

Qp = Peak flow of the plant (m3/sec)
V = Flow velocity in the pipe (m/sec)

Flow velocity is selected according to the length of discharge line and daily pump
time. When transfer the water to a long distance (more than 1 km) for long period of
time daily, the velocity is selected from 0.5 to 2 m/sec. When transfer the water to a
short distance for short period of time (less than 8 hours daily), the velocity is
selected from 2 to 3 m/sec. In case of existence of great percentage of suspended
solids that may cause great sedimentation in the line, it is necessary to use

maximum limits of velocity.
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C) The nomogram shown in fig (2-35), which illustrates practical method to
calculate the flow velocity V as a function of flow rate Q and the inner diameter of
discharge line pipe D, can be used to obtain the velocity, by knowing the peak flow
rate Qp of the plant, and the standard discharge line diameter, the nearest value to
the calculated one D in the previous step, to be compared with the expected velocity

and ensure that it is within the correct range and the accepted limits.

D) Friction loss in the pipe is calculated from the following formula:

ht': [.... }" . _22
D 2

8

Where:

hf = Loss due to friction (m)

L = Discharge line length (m)

V = Flow velocity in the pipe (m/sec)

D = Discharge line diameter (m)

g = Gravity Acceleration (m/sec?) (9.81 k/sec?)

A= Friction coefficient of the pipe (or its value will be determined from Annex 5).
Note:

Loss due to friction can be calculated by one of the two following methods:

1- Hazen-Williams equation

10.69Q 7 x L

D-‘-I.H'.I‘ x C |85

ht=
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Fig (2-35): Nomogram for calculation of the flow velocity as a function of the flow rate

Q and the inner diameter of the pipe D
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2- Use of the approximate tables that determine this value for the linear meter of the

pipe according to the diameter and the type. (Annex 5).

E) The total head is calculated from the following formula:

ht = hs + hf + ........

Where:

ht = Total head of the discharge line, including all the losses in the special pieces

and velocity losses at inlet and outlet of the discharge line.

hs= Actual static head between suction and discharge levels.

F) If the value of the total head exceeded the allowed limits for the type of the used
pumps, the greater diameter of the discharge line is selected and the previous steps
are repeated. The total head must not exceed 65 m in all cases for single phase

centrifugal pumps.

G) If the calculations showed the possibility to use more than one diameter within
the accepted velocity limits, then the diameter is selected according to the
consumed power in each case (for each diameter of the pipes) and to calculate cost
of consumption in addition to determination power of the used motors in each case
and calculation of the equipments cost (pumps + motors + pipes and their
accessories) corresponding to each case and then the total cost is calculated for each

diameter under comparison to select the more economic diameter.
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1-13 Types of the pumps used in pumping stations

The following types of pumps are used in the pumping stations for sanitary drainage

projects

A) Centrifugal pumps.

B) Screw pumps

C) Positive displacement pumps

D) Air lift pumps

1-13-1 Centrifugal pumps and Screw pumps

All features and limits of the centrifugal pumps are previously indicated in Item 1-

11 also can see Volume (2) concerning treatment works of screw pumps.

1-13-2 Positive displacement pumps

This type is mainly used in pumping sludge or the liquid wastes to far distances and
against very high total head. In all cases, must perform cost comparison between
this type and the other types that can be used for the same function. The comparison
will be performed according to the preliminary cost whether for the necessary
constructions or for pumps price added to it the operating cost and periodic
maintenance works taking into consideration the operating conditions to decide any

of the possibilities.

These pumps are divided to the following types:
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- Ram Pumps

- Mono Pumps or Helical Pumps

1-13-3 Air Lift Pumps

This type of pumps is not used in the practical applications to lift liquid wastes of the
sanitary drainage due to the limited capacity and low head that can be obtained
from these pumps, however they are characterized by low noise in the availability of
compressed air, so they can be used in the places that require silence operation and

reduction of the areas required for the equipments.

Information and some details of these types of pumps are indicated in Annex (2) of

this volume.

1-14 Design of Pump Building

The following elements must be taken into consideration when design pumps

building:

A) Building dimensions
B) Building ventilation
C) Lighting works.

D) Dewatering pumps.
E) Upper Cranes

F) Maintenance ladder and walkways.
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1-14-1 Building Dimensions
Pumps’ building is divided into two main houses:
- Pumps house

- Motors and switchgears house.

Dimensions of pumps house are determined by the dry part of pumping station
sump, therefore this part must be suitable for installation of the pumps and their
accessories, suction and discharge pipes system when determining station sump

diameter in case of circular sumps, and the dimensions in case of rectangular sumps.

Generally, the distance between the pumps must be about 1.50 m for small pumps of
flows up to 100 liter/sec, and to 3.50 m for the pumps of great flows more than 600
liter/sec. The distance between the axis of the first pump and the last pump and

house wall must not less than the half distance between the pumps.

Motors house must have the same area as suction sump and its height is determined
for a value that allows installation of an upper crane in the house, installed on
concrete beam at height from 4 to 5 meter from the floor level of the house
according to plant capacity. A distance not less 1.5 to 2 m must be kept between
surface of crane beam and the bottom of the falling beams from motors house
ceiling according to plant capacity, size of the motors installed and load of the used

crane.
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1-14-2 Ventilation of pumps building
1-14-2-1 Ventilation of pumps house under floor level

Two ventilation units at least are used, consist of air compressor, suction and
discharge pipes, one is operated to blow the air outside the building to pumps house
at a level not less than 2 m from house floor level. The other unit is operated to suck
the air from inside the house to outside the building at a level not more than 0.5 m

from house floor level.

Capacity of the ventilation units must be with a value that allows change of the air

inside pumps house from 6 to 8 times per hour at pressure about 0.2 bar.

1-14-2-2 Ventilation of motors house over floor level

For this purpose, it is used suction fans installed on motors house wall with total
capacity allows change of house air from 8 to 10 times per hour, taking into
consideration that the temperature inside the house must not exceed 38°C in all
cases. Capacity of the fans is determined according to a manometric pressure of

about 0.2 bar.

1-14-3 Lighting of Pumps Building
1-14-3-1 Lighting of Pumps House
Lighting units of type caw eye fully sealed against water leakage are used for
lighting of pumps house under floor level. These units are installed on the walls at
height not less than 2.5 m from house floor level. Number of the used units and

lamps power must be with values that allow light intensity not less than 200 Lux at

any point inside the house.
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1-14-3-2 Lighting of Motors House

Lighting units provided with (Flora) mixed lighting lamps or mercury lamps from
150 to 250 w are used for lighting motors house. These units are suspended from
house ceiling with a number allows provision of light intensity not less than 300 Lux
at any point inside the house. It is preferred to use additional fluorescent lights at
the back of the switchgears installed on the walls at height not less than 3 m from
house floor level to increase light intensity in this area to 500 Lux for maintenance

and repair works of these switchgears.

1-14-4 Dewatering Pumps

Leaked water from the main pumps and the areas surrounding the plant as well as
those leaked from pipe and valve connections are collected in collection tank at one
corner of main pumps house, where it is drained using vertical dewatering pump of
submersible type or self priming type to be ready for continuous operation, and
must be operated automatically according to the level of the collected water in the

collection tank.

Capacity of the dewatering pump must commensurate with the capacity of the
pumping station, usually, it is from 5 to 10 liter/sec at manometric head about (6-8)
m. In case of great pumping stations, two dewatering pumps can be used and

installed in two opposed corners to help in quick suction of the leaked water.
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1-14-5 Upper Cranes

Pumping stations are provided with upper cranes installed in motors house used
in repair and maintenance works of pumping units as well as in installation and

dismantling works.

Load of the crane will be selected to allow lift of full pumping unit (pump +

motor) with safety factor not less than 25% of this load.

Height of the crane beam from motors house floor will be with a value that
allows moving the electrical motor freely inside the house and installing it on its

base. Usually, it is (4-5) m according to capacity of pumping station.

Crane lifting chain must allow reaching to pumps house floor to enable lift these

pumps to floor level in motors house.

1-14-6 Maintenance Ladders and Walkways

Pumping station must be provided by suitable ladder to access from motors
house to floor level of pumps house. Opening of the ladder must be wide enough
to allow bringing down all the pumps used in the plant if the roof of pumps
house is not provided with maintenance openings. The ladder must be
comfortable for use, if possible, and enables maintenance works and other
technicians to use it in ascending and descending when carrying tools for

assembly and disassembly works. It is preferred use spiral ladder if possible.

Ladder rungs must be sliding-proof and in case of using iron rungs, it must be

treated against rust and corrosion.
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- Pumps house must be provided with metal walkways to access to all valves for
easy opening and closing and access also to fulcrums for lubrication and perform
the necessary maintenance. Walkways must be treated against wear and

corrosion due to repeated use and exposure to drain vapors.

1-15 Screens

Pumping stations sump is provided with screens to prevent the suspended
materials in liquid wastes coming to the station from sanitary drainage networks

such as woods, dead animals, ropes, fabrics, plastic bottles, tin, stones, etc.
There are two types of screens:
A) Manual screens (grids)

B) Mechanical screens

1-15-1 Manual Screens

Spacing between bars of these screens is 80-100 mm. The design of these screens
must allow easy access for performing cleaning and periodic maintenance works by
providing walkways inside the sumps with handrails, if necessary, or to use
removable manual screens that can be removed from the sump to ground surface
level for performing cleaning and maintenance then returned again. This can be
done using manual crane to raise the frames of these screens with the existence of

guide.
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In case of the removable screens, must exist double grids to enable continuous block
of the impurities alternately between the working screens and that are removed for

cleaning and maintenance.

- Bars and frames of the manual screens must be made from galvanized iron with

sizes commensurate with plant capacity and dimensions of these screens.

1-15-2 Mechanical Screens

The specifications are the same as in sanitary drainage treatment plants volume
(Item 2-1) taking into consideration to use reciprocating grab type mechanical
screens for deep channels as indicated in the mechanical screens types in such

volume (Annex 1).

1-16 Valves and Penstocks

Valves and gates are used to control entrance, exit and operation of the pumps

inside the plant.

1-16-1 Valves
1-16-1-1 Sluice Valves

All valves used in the sanitary drainage plants must be of rising stem type, and it is

not allowed to use any other types.
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Valves are manufactured from the following materials:

Valve casing : Cast Iron
Closing gate : Cast Iron
Drive shaft and screws : St. St

Type of cast iron and St. St. are specified according to the content of the liquid

wastes from acids, alkalis or the other chemical elements.

1-16-1-2 Non-Return Valves
Tilting disc or hydraulic type valves are used.
Materials of these valves are the same as in Sluice Valves.

The valves must provide with enough holes to remove the disc and perform cleaning

and maintenance works.

1-16-2 Penstocks

All penstocks used in sanitary drainage plants are of wall mounted type and
manufactured from cast iron for all parts except the drive shaft is manufactured

from St. St.
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1-17 Water Hammering

In case of sudden stop of a rotating pump, the pressure increases or decreases
suddenly. This may lead to breakage of the pump or the discharge pipe. Under
certain conditions the same phenomenon occurs when the discharge valve is
opened quickly at start operation of the pump. Water hammering is an accidental
phenomenon occurs when the pressures change due to the change in flow velocity
at the time of change from a certain stable position to another stable position as
previously described. Therefore, suitable precautions must be taken to prevent
water hammering at the beginning when design high head or high capacity pump or
when lifting water to a long distance, and also, when the discharge line is weak

because of the manufacturing material or long period of use.

1-17-1 Calculation of water hammering

1-17-1-1 Speed of transfer of compression wave ( ££)

oot 1425
o= /s
K D
[ il
L e
Where:

X = Speed of transfer of compression wave (m/s)
E = Young Modulus for pipe material (kg/m?)

It is as follows:

Cast iron pipe 1.1 X 1010

Steel pipe 2.0 X 1010
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Concrete pipe 0.2 X 1010

Asbestos pipe 0.3 X 1010

For any other materials, this modulus is determined by the producer before

calculation of the transfer velocity

K = Bulk modulus for water volume (kg.m?2)
Itis 2.03 X 1010

D = Inner diameter of discharge pipe (m)

t = Thickness of pipe wall (m)

Transfer velocity may change slightly according to the method of installation of the

pipe but it is possible to obtain an acceptable value using the above equation.

1-17-1-2 Wave Transfer Time Period (2L / )

L.
MNia=2x 3 —(i{- (Sec)

1
Where:
L = Discharge pipe length (m)
Li = Discharge pipe segment (m)
{4 = Speed of transfer of compression wave (m/s)

U = Speed of transfer of compression wave in discharge pipe segment (m/s)
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1-17-1-3 Pipes line constant ( P)

_ L
o - Qv X 7S

28 Ho T —L

Where:

Qo = Drainage pipe flow rate at flow stability position (m3/s)

Ai = Cross section area of discharge pipe segment (m?)

Li = Discharge pipe segment (m)

Ui = Speed of transfer of compression wave in discharge pipe segment (m/s)
Ho = Pressure inside discharge pipe at flow stability position (m)

g = Earth gravity (9.8 m/s?)

1-17-1-4 Increase in pressure

A) When closing pipe valve momentary from flow stability position
AH = & Ay

—

g
Where:
AH = Increase in pressure (m)
{4 = Speed of transfer of compression wave (m/s)
g = Earth gravity (9.8 m/s?)

AV = Change in the flow velocity in the pipe (m/s)

In this case;

T< 2L/«
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Where:
T = Time of valve closing (S)

L = Pipe length (m)

B) When closing the pipe slowly from flow stability position

_Li_i_-l_ :-—gr— (I'I, + n2_+ 4j
H

Where:

L .AV
n= g TH
H = Static head (m)
In this case:

Tz 2L/ «

1-17-2 Methods of calculation water hammering

Water hammering can be calculated by three methods:
1. Direct solution of the differential equation

2. Overlap solution method

3. Graphical solution method.

Graphical solution method is commonly used because it is relatively easier. In all

methods, the calculations are performed using specialized computer software.
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1-17-3 How to prevent water hammering

The main factor for prevention of water hammering is to minimize the change of the
flow velocity. All water hammer prevention devices can be used to achieve this

purpose.

Water hammering prevention devices are classified to three groups according to

their nature of operation:

(A)Slow down the change of flow speed.
(B) Prevent sudden pressure drop.

(C) Prevent pressure rise

Therefore, simple device can be used to prevent water hammering in some cases or
complicated device can be used in other cases. The following table shows planning

principals to prevent water hammering.

How to Proveat Water Hammering

Mathod FPuspase Aciual Application eic.
1 Teoasect & slow valocity | To minimize the changs of tha | A slowsr velocity of How in the piging is battar,
ol flow k the piping. fiow velocity, sbous 1 m/i or ies,
To show down the changs of « % _—
@ To 2 GD" large. v ke »:::ln:rr::n ':ll;u °f1G|D 1a the coupling. | il is net enaugh, pra-
fiuctuation of the Now welocity.] ¥ & P separaiely. :
{3 Tolasd water into the To prevent wacuum by peessurs | §1) Prowids a surge tank.
dincharge piping. drep, {21 Food water from tha duction water Mvel by & stparste pips.
{4} Tolead air imso the dis- TO pravent ystuum by prassure | 1) Provide an air chamber,
charpe piping. rop. {2} Prowids an air yalvae.
: g [EETERRTT Ciose the check vatus shovely. Tha structurs of widely sdopsed chack
L Aum 8 sow ok VO prevent gressus risd. walven is that an il dash pot is provided and the valve is clossd by
chack vslve.
wha countar-flow of wacer.
8  Foroed cantrol of Whe Control the main valve by forca by meens of 0il prassure, pneumatic
main valve, T pravant b 0 vise. PraRsUre O W ter pressure, ofc, and a DC power supply.
7F Omiwion o1 the chack When thae check valve snd faot valve are not provided, 1the prassurs
wilvE, ' T pravent pressurs risa. risa is wmaller than when they wra provided. Bus, & thatl cass, revarss
Tunning of tha pump and Motor may be Caussd.
a I This wolve opors o1 Lha suma L &3 Bie prsns Mower 310pa acd pee-
BF Toum en selomaic . ey pressure changs in the wansitione period. Adser 8 specilisd
PRESLOE TUQU I BIOE VAl Ta.preven preasuss rise. wkrwe, 1t closas gradually . The dischargs thow from il doak not pats
shrough the pump.
= This valve i1t reteass water when the presiure reaches a wpecified
9 T st
© provice & sefety Ta prevent peessure riss. ualue. There are ihe Balance woight type and ipring loaded typs of
: saluty velves.
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2- Design of Electrical Works

2-1 Electrical motors used in pumping stations

One of the following two types of the electrical motors is used in the pumping

stations:

A- Squirrel cage induction motors with powers up to 200 KW, and this value can be

exceeded when using smart motor control systems.
B- Induction motors with slip rings with powers exceed 200 KW

The following conditions and specifications must be taken into consideration for the

used electrical motors:

A- Motor windings must be with insulation degree (Class F) and the temperature
rise for these windings must not exceed the allowed temperature for (Class B).
Also can use motors with windings of insulation degree (Class H) and

temperature rise must not exceed the allowed temperature for (Class F).

B- Motors Enclosure Protection

- For motors installed in motors house over floor level in the station, the used

motors must be of closed type T.E.F.C. with enclosure protection [P44 or IP54
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For the motors installed directly over the pimp (Close coupled) and installed in
pumps house under floor level, the used motors must be of (Flood proof) type

with enclosure protection IP56.

For motors installed outdoor and subjected to weather conditions, the used

motors must be of (weather proof) type with enclosure protection IP55.

For motors operating under water level, the used motors must be of
(submersible) type with enclosure protection IP68. In this case, must specify the

level at which the motor works under water level.

Motors must be provided with anti condensation heaters inside the windings to
prevent condensation of water vapor in winter. These heaters work with the

operating voltage 220 v.

When using vertically installed motors, they must be provided with thrust type

ball bearings.
All used ball bearings must have lifespan 100,000 operating hours.

When using electrical motors with slip rings, they must be provided with brush

lifting device with short circuit rings.
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G- When using squirrel cage induction motors, commutating segments of the rotor

which forming the cage must be from high quality copper.

H- Motor power required to drive the pump at the operating point is calculated

from the following formula:

wWonH
P & - x 01.746
73m

Where:

W = Liquid specific density

P = Absorbed power on pump drive shaft (KW)

Q = Pump flow rate (liter/sec)

H = Pump total manometric head (m)

"1 T= Pump total efficiency at the operating point.

To calculate the rated power of the motor, must take into consideration the service

factor of value 15-30% of the maximum power over operating time of the pump.
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2-2 Switchgear

It includes closing and opening devices (switches) and their accessories, control
devices, measuring devices, protection devices and adjustment as well as assembly
of these devices and equipments, connections, supplies and the buildings containing

them.
In the following is the definition of these equipments
A- Metal enclosed switchgears

Switchgears assembled inside external metal enclosure connected with the earth.

Complete with connections except the external connections.

B- Metal clad switchgears

Switchgears assembled inside separate cubicles contained in metal clad connected
with the earth. Must take into consideration existence of separate cubicles for the

following components in the switchgear:
- Main switch.
- The components connected at one side of the main switch as supply circuit.

- The components connected at the other side out from the main switch.

C- Circuit Breakers

They are mechanical control devices able to connect, hold and break the electrical
current passing through under normal conditions of the electrical circuit. They are
able also to connect, hold and break the electrical current for a limited period under

abnormal conditions of the electrical circuit (short circuit).
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D- Indoor Circuit Breakers

They are the circuits breakers designed to be installed inside the buildings or
enclosed place, where they are protected against winds, rains, dusts, vapor

condensation and other weather conditions.
E- Outdoor Circuit Breakers

They are the circuits breakers designed to be installed in the open atmospheres and

are able to withstand different weather conditions.
F- Switches

They are mechanical control devices able to connect, hold and disconnect the
electrical current under normal conditions of the electrical circuit. They are also

able to withstand short circuit currents for limited period.
G- Disconnectors or Isolators

They are mechanical control devices give in open position separate distance
prevents passing the electrical current at the rated voltage. The disconnetor is able
to open and close the electrical circuit at no load or when the passing current in
neglected (less than 0.5 ampere) where the voltage difference across the two

terminals of each pole neglected.
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H- Circuit Breaking

Circuit breakers (CBs) are defined according to their design and method of
operation to break short circuit currents in the electrical circuit. CBs are classified
usually according to the medium used in distinguishing the spark generated at
disconnection. The electrical arc (spark) generated at disconnection and method of
extinguishing is the main element in the function of the CBs, where it allows the
current to continue passing in the electrical circuit after disconnection of the

contacts until the current reaches to zero.

The ideal CB is the one that works as conductor until reaching the current to zero, at
this point it is converted into absolute isolator. Practically, it is difficult to reach to a
CB that can meet this condition, but must take into consideration to reach as near as
possible to this condition with the necessity to provide the required conditions to
remove the arising ionization in the contacting cavity and to use a medium

withstands transient recovery voltage.

2-2-1 High Voltage Switchgear

High voltage switchgear must contain a set of cubicles allow to contain the circuit
breakers and voltage transformers (at the connection side) in addition to be
provided with the necessary installations to hold the measuring devices and relays

and to be prepared to connect terminals of the supply cables and output cables.

The switchgears must be of metal enclosed or metal clad. The difference between
the two types is that the current transformers and cable terminals are installed in
one cubicle in metal enclosed type. For all types of circuit breakers, must provide
possibility to remove the circuit breaker from the bus bars with one of the following

methods:
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Vertical pull

Horizontal pull

Using disconnector or witch between the circuit breaker and the bus bars.
In Bulk oil CBs, vertical pull is used.

In Magnetic air CBs and Min. or Low Oil CBs, vertical pull is used.

In case of Gas CBs, vertical pull or horizontal pull can be used.

When using Vacuum CBs, usually fixed type CBs is used with the existence of
disconnector between the circuit breaker and the bus bars to get benefit from

the feature of this type of less maintenance.

Must take into consideration to provide safe installations to access to the main
bus bars of the distribution boards to perform the required measurements and
tests. In case of CBs of pull type, the access to the bus bars will be through the

holes used in engaging the circuit breaker.
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2-2-1-1 Interlocking & Padlocking

To ensue safe operation of the electrical switchgears, especially when it is required
to access to the bus bars for troubleshooting or to connect a phase of the circuit or to
test the cables, the board must be supplied with mechanical interlocking or

padlocking to control connection of the main supply to these switchgears.

The first requirement for the interlocking in all types of switchgears provided with
CBs of pull type, is to ensure that the CBs can not be pulled or engaged while they
are connected (closed) with the current. The switchgears must be provided with
metal shutters to cover connection holes to bus bars automatically when pulling the
CBs from their operation cubicle. Similarley, preparation must be performed in
order to close these shutters in disconnection position to ensure safety of all the

equipments contained in the cubicle.

2-2-1-2 Types of Circuit Breakers

The common types that currently used are:

A- 0Oil Circuit Breaker
[s divided into:
Bulk oil CB
Minimum Oil CB

Hydrocarbon oil is used in this type of CB of low viscosity and good insulation

properties.
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Disadvantage of this type is the rise of contacts temperature which leads to oil
evaporation and dissolution to its components of hydrogen and carbon, where the
hydrogen is thermally ionized to produce electrons and positive ions have the ability
to carry the electric current within the distance between the contacts causing
electric arc. To control gas flow in the spark area, the contacts must be closed inside
the control range of the arc by using arc control device to increase efficiency of

operation of the circuit breaker.

B- Magnetic air circuit breaker

Its theory of operation depends on creation of very high voltage for the arc can not
be kept by the used operating voltage, hence the arc can not continue. It can reach to
this by enforcing the arc to extend to reach near to solid materials that extract the
heat from the arc or by breaking the arc into series of arcs. The two methods can be
used together in some designs, where the magnetic circuits create a field inside the
arc range to guide the arc within this range. In case of low electric currents (about
100 A), air blower must be added and connected with vents below the contacts to

guide the arc.

C- Vacuum circuit breaker

The contacts in this type are inside sealed air vacuumed container with insulating
walls. One of the contacts is fixed with the terminal of the circuit breaker and the
other contact is free in motion in axial direction through metal gaskets connected
between the moving contact and the other connecting end. Performance of the

vacuum circuit breaker depends on the following three factors:
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Existence of enough vacuum inside the device
Select suitable material for the contacts.
Provision of magnetic control in the arc.

Contact gap is about 10 mm for voltages up to 11 KV; therefore, the power necessary
for operation is less than the other types of CBs. This type achieves the highest
efficiency of operation as a current disconnecting device, where the insulation
strength of contact gap is recovered within (1) microsecond within the rated break
current. Because of the high strength of these CBs, they do not require any
maintenance over their lifespan and there is no possibility of fire due to absence of

any flammable materials.

D- Sulphur Hexa Fluoride CB (SF6)

It contains inert non-flammable, colorless, odorless Sulphur Hexa Fluoride gas. The
gas is used at pressure of about 3 bar to reach to the same insulation strength of
mineral oil. This gas is characterized by absorption of the free electrons generated in
the path of the electric arc forming negative ions which speeds up recovery of the
insulation strength after occurrence of the arc. The activated ammonia is used to
absorb less degree fluoride gases (SF2 & SF4) which may be produced due to
dissolution of the original gas SF6. For this reason, this type of CB can withstand a
significant number of breaks in cases of short circuit without the need to change its

active parts.

137



Table (2-3) shows comparison between characteristics of types of the CBs

2-2-2 (H.V) Switchboard Construction

Each board consists of number of cells; each cell consists of metal structure lined
with cold rolled steel plates of thickness not less than 2 mm. The board is provided
with front and rear doors for easy maintenance. It is also provided with the
necessary precautions for safe operation and maintenance. Equipments of each cell
are installed separated and insulted from the adjacent cell. The life parts are kept

away of being touched after pulling the switch from inside the cell.

Distribution bars are made from good conducting copper completely insulated by
suitable material. Contact point must be of self aligning type loaded with strong
spring coated with thick layer of silver. The boards are provided with mechanical

and electrical interlocking for safety of operation.

2-2-3 Low Voltage Switchgear

Low voltage switchgear are subject to IEC. Low voltage circuit breakers are
designed, manufactured and tested according to IEC 157-1/1973 and amendments

thereof. The following specifications must be taken into consideration:

(A) Short circuit categories.
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Table (2-3): Comparison between types of H.V Circuit Breakers

Vacuum circuit

No Characteristics Air circuit breaker 0Oil circuit breaker breaker SF6 CB
I 11 1 v

1 Connection and | Atlow currents, it has | As the oil is a good | The breaker will | Path of the current
disconnection of | the feature of quiet | insulator, disconnect regardless | chopping depends on
inductive current extinguishing of | extinguishing of the | the value of the | method of

spark for many half | spark (electric arc) is | passing current. | extinguishing the
cycles which | more effective than | Stability of  the | spark, generally, of
produces current | the air CB. This give | electric arc (spark) at | the same value as in
chopping then | shorter time of the | small currents | oil CB and vacuum
voltage-surge. spark and higher | depends on contacts | CB.

degree of current | material used in the

chopping and | CB, where spark

considerable increase | plasma (medium)

in voltage, but with | consists of vapor of

insufficient value that | the metal from which

may damage the | the contacts are

insulation. made.

2 | Connection and | Tends to recover the | Has insulation | Very quick recovery | Due to the negative
disconnection of | spark after | strength for each pole | of the insulation | electricity properties,
capacitive current distinguishing. It has | enough to ensure | strength for the | the conduction gap is

very limited value in | break of the | vacuum gap. This | quickly re-ionized
performing this | capacitive current | provides break | which provides break
function. without return of the | without return of the | without return of the
spark spark to the | spark.

capacitive  currents

until the full load of

the rated current for

the breaker.

3 | Mechanical aspect The standard specifications require | Short stroke for | Power requirements
achievement of 1000 connection and | connection and | are located between
disconnection processes at no load without | disconnection and | those of oil CBs and
affecting the breaker in addition to neglected | low power | vacuum CBs. Most of
wear degree. Regular lubrication during this | requirements, help | the required power is
period must be taken into consideration in the | the = designer  to | used to extinguish the
design. develop strong | spark. This power is

mechanical structure | increased as the rated
for long lifespan | current of the CB
without performing | increases. Theses CBs
maintenance for | require maintenance
these CBs. Usually, | at periods usually
10,000 connection | reach to 10,000
and disconnection | connection and
processes at least are | disconnection
achieved without | processes.

maintenance.
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Table (2-3): Comparison between types of H.V Circuit Breakers (Cont.)

Air circuit breaker

0il circuit breaker

Vacuum circuit

SF6 CB

No Characteristics I - breaker v
11
4 | Confusion in the CB
during the fault
(A) Value of the | Quick existence of the | Dissolution of the oil | Increase in metal | Internal pressure
produced pressure electric arc in the arc- | to  hydrogen and | vapor intensity | formed during fault
chute produces high | hydrocarbons by | produced during | period reaches two or

pressure and impact
waves that must be

taken into
consideration in the
mechanical

construction of the CB
which increases the
cost.

electric arc current
produces very high
pressure inside the
spark control device.
This affects the ability
of extinguishing. Part
of this pressure is
transferred to the
metal tank, but the
existence of suitable
air pad near the tank
cover helps to keep
the pressure inside
the tank. Using of

occurrence of the
electric arc in contact
chute is synchronized
with the current and
there is no general
increase in pressure
inside the CB.

three times of the
static pressure. This
must be taken into
consideration in
design of insulation
chamber.

cylindrical tank
makes this increase in
pressure simple
matter.
(B) Emission of exhaust | The great amount of | Medium amounts of | The CB is completely | The CB is completely
gases ionized air flowed | exhaust gases are | enclosed and all the | closed and there is no
from the arc chute | flowed, which can | metal vapors | emission of gas and
creates the need to | passthrough blocking | produced during the | may some of it

cool down the
insulation and the
existence of trenches
to allow safe flow of
this air.

chamber at the upper
surface of the CB. This
cools and separates
the gases from the oil.

electric arc (spark)
are immediately
condensed and there
are no emissions of
any type for these
vapors.

dissolved to its
components of
sulphar, free sulphar,
where  they are
absorbed by special
filters inside the CB.
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Table (2-3): Comparison between types of H.V Circuit Breakers (Cont.)

Vacuum circuit

No Characteristics Air circuit breaker 0Oil circuit breaker breaker SF6 CB
I 11 v
11
(C) Effect on CBs bases Very small Small Neglected Little
(D) Production of Noise Small Medium Neglected Little
5 | Possibility of Fire As there is no oil used | Using the oil as break | Risk of fire outbreak | As in Vacuum circuit
and non-flammable | medium and hence | is neglected, as there | breaker
gases, the hot burning | emission of | are no inflammable | III.
gases produced | inflammable  gases | materials or gases
during the fault | (hydrogen, acetylene, | from any sources.
contain low degree of | methane, etc) during
fire outbreak. this  process, this
represents risk of fire
outbreak. Good
design of the CBs
rarely give increase in
the gases that may
cause fire except in
the occurrence of
sever errors. It must
exist controls and
precautions against
fire in case of using
these CBs in
environments that
the fire has adverse
effect.
6 Maintenance
Requirements
A) Routine | Routine maintenance in the traditional CBs | Need  non-periodic | These CBs are
Maintenance includes cleaning and lubrication of the | inspection to know | designed for long
mechanical parts, inspection of the contacts, | the condition of the | lifespan with non-
spark control device, insulation medium and | insulation material, | periodic
replacement, if necessary. electrical insulators | maintenance.
and maybe CB

contacts to check
existence of wear.
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Table (2-3): Comparison between types of H.V Circuit Breakers (Cont.)

Vacuum circuit

- Air circuit breaker 0Oil circuit breaker SF6 CB
No Characteristics breaker
I I i v
Rate of this procedure depends on the | The number of | Mostly, maintenance
required performance, and it ranges from | operation processes | cycle every 10 years
monthly service, in case of heavy duty (many | can be recorded to | is suitable for this
connection and disconnection processes per | determined periods | type, but a visual
day), to periods between 3-5 years for public | of performing | inspection must be
supply. The oil must be replaced periodically | inspection. In case of | performed regularly.
in case of repeated use of oil CBs more than | public supply boards, | Safety measures must
any other consideration, and the low oil types | replacement may be | be taken in case of
need more care especially the totally | done during the | existence of existence
submersed types. lifespan of the CB, | of opening to provide
while in case of heavy | the  gas.  Special
duty (Daily repeated | equipments are used
loading), replacement | to do.
may be done every a
number of years.
(B) Post- Fault | Usually, it is proposed to perform post-fault | It is not necessary to | The same as vacuum
Maintenance maintenance as soon as possible to recover the | perform this | CBs.
CB to its normal and safe condition. maintenance, but it is
preferred to inspect
the CBs after
operation during the
normal operating
period.
7 Maintenance suitable | Required care and | It is suitable, but | Features of the CB is | Does not need
for risk environment | performing repeated | always requires | more clear in these | repeated
conditions and | maintenance for the | provision and | conditions, hence | maintenance, but care
repeated operation. CB insulator faces. adjustment of oil level | annual operation | must be given to the
and change of the | costs are less | mechanical parts in
contacts, especially in | compared to the | case of repeated
heavy duty cases. | other types. operation, especially

Maintenance will be
repeated more in case
of low oil CBs.

if the close power is
high.
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Table (2-3): Comparison between types of H.V Circuit Breakers (Cont.)

Vacuum circuit

No Characteristics Air circuit breaker 0Oil circuit breaker breaker SF6 CB
| 11 i Iv
8 | Operation Facilities
(A) Integral Fault | Rarely have this | Easy provision of | Are provided with | As in [ and I
Making Earthing | feature, but if | integral fault making | this feature in case of | according to the type
Facilities necessary, separate | earthing for vertical | fixed CBs, while for | of pull, vertical or
earthing wunits are | pull CBs. pull type CBs, the | horizontal).
used. same as in I and II
according to method
of disconnection
(vertical or
horizontal)
(B) Injection- Test | Requires removing the CB from the board then | In case of fixed CBs, it | AsinIand Il
Facility inserting the test stick into disconnection | will be provided with
socket. test openings that
enable to insert test
stick while the circuit
is earthed. In case of
pull type CBs, as in I
and II.
9 | Design of Switchboards | Width of the building depends on the depth of | In case of fixed CBs, | Operation group

Building

the switchgears with the existence of inlet
path for cable terminals at rear of the board
and wide passage at front of the board to give
space to pull the CB and perform maintenance.
According to the dynamic loads on the floor
during operation, strong and expensive bases
are constructed. Fire fighting equipments,
such as carbon dioxide extinguishers are used,
or using other systems as sprinklers or gas
incase of risk of fire breakout. If there is no

great risk of fire

there is no need for
space in the design
for pull or
maintenance, so the
width of the building
is lesser than in case
of pull type CBs.
Loading on the floor
is light and there is no
need for fire walls or
fire fighting
equipments.

using gas CBs shall be
of pull type CBs and
the building requires
a space for this
purpose, but risk of
fire  breakout is
neglected and there is
no need for fire walls
or fire fighting
equipments,  hence
the building is more
compact and simple.
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Table (2-3): Comparison between types of H.V Circuit Breakers (Cont.)

No

Characteristics

Air circuit breaker
|

0il circuit breaker
11

Vacuum circuit
breaker
111

SF6 CB
IV

If there is no great risk of fire, the great
switchgears are divided by fire walls built
across the building to reduce risks of damage
of the switchgears in case of fire breakout.
Length of the building depends on the width of
each unit (cell) in the switchgear, in addition
to the space necessary for the fire walls (if
any) and the paths of the bus bars. Cells width
must be lesser in case of the submersible CBs
in oil than in the air CBs or low oil CBs.

As the width of cells
is small, the length of
the building is shorter
and lighter in
construction than in
the conventional
switchgears, = which
significantly
decreases cost of the
building.

In case of pull type
CBs, the building is
wider, but saving in
use of fire walls and
fire fighting
equipments is still
exit and hence the
building is more
economic.
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(B) Short Circuit Tests Method
(C) Temperature-rise limitations / Thermal ratings

- Table (2-4) shows two short-circuit categories, and it is clear from the table that
short-circuit category P1 is capable to select the two types O-CO at maximum
short-circuit rating, while short-circuit category P2 is capable to select O-t-CO-t-
CO. The main difference between the two categories P1 and P2 is that P1 is
capable to operate after performing the specific test with reduced service, while
P2 is capable to operate with normal service. Therefore, this difference must be
taken into consideration and clearly specify the required category when

developing the specifications of these CBs.

- When performing short-circuit tests for the CBs, must take into consideration to
perform these tests in the same operating conditions as those applied during the

service.

- Table (2-5) shows temperature rise limit according to IEC standard and must
take into consideration always that temperature rise in the contacts does not

lead to damage of insulation or to the parts adjacent to the contacts.
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Table (2-4): Short Circuit Categories

Short circuit categories

[EC 157-1 has two categories of short-clrcult performence outlined

heremn

Short-circuit
per formance
caleqgory

Nated operating saquanca
for short-clrecult
making and breaklng

capacity teata

Condition after
short-circult tests

Pl

D - k- CD

Required to be capable
of performing reduced
gervice

-t -C3 -+t -CO0

0 represents

co

Required to be capabls
of performing normal
Barvica

1 breaking operatlon.

represents a making operation followed,

after the appropriate

opening time {or immediately, that 1s without any intentional
in the case of & circult-breaker not fitted with
integral overcurrent releases) by a breaking operation.

time delay,

£ represents

a specified time interval,
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Table (2-5): Temperature Rise Limit according to IEC Standard
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Temperatura-crise
Type of material, limit (measured by
description of part thexsiocoliple)

Contact parts in eir (main, control and
auxillary contacts): ¢

coppeaer 45°*C
silver or silver-faced" (1)
all other mstals or sintersd mstals ' {2)
Contact parts in oil 654c
Bare conductors including non-insulated coils ()
Metalllc parts acting as springs 3

Motallic parts in contscts with insulating
materials (4)

parts of metal or of Linsulating materlal in

contact with olil 65*C
Terminals for external insulated connactions 70*C(5)
Manual operating means:
parts of metal -15*C
parts of insulating material 25°C

Qi1 in oll-immersed apparatus (measured at the
upper part of the oil) 60*C (6)

“The expression 'silver-faced’ includas solid silver inserts as well
as electrolytically deposited silver, provided that a continuous
layer of silver remains on the contacts after the endurance tests and
the short-circuit tests. Contacts faced with othex materlals, the
contact realastance of which is not significantly altared by oxidat-
jon, are treated as silver-faced contacts.

{11 Limited solely by the necessity of not causing any damage to
adjacent parts.

(2) To be apecified according to the properties of the metals used and
iimited by the necessity of not causing any damage to adjacent
parts. . )

{3) The rasulting temperature shall not reach a value such that the
elasticity of the material is impaired.

(4] Limited solely by tha necessity of not causing any damage to
insulating materiala,

{5} The temperature-rise limit of 70°C ia a valus basad on the con-
ventional test A cb used or tested under
jnstallation conditlions may have connections the type, hatire and
disposition of which will not be the same as those adopted for the
test; a different temperature rise of terminals may result and

this will have to-be agreed.
{(6) May be measured by thermometex.

2-2-4 Thermal rating and Enclosed rating

[s the rating of the CB in ampere listed in the data plate of the CB, such as thermal

rating for the un-enclosed devices and provided with overload breaker, if necessary,
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which is the maximum current than can pass in the CB for 8 hours when tested in
the open air provided that the temperature rise does not exceed the limits specified
in table (2-5). So, must take into consideration that this rating does not express the
rating of the CB at installation inside the switchgears. The enclosed rating of the CB
is defined as the thermal rating inside the closed CBs, which is the maximum
current, can pass through the CB for 8 operating hours when installed inside
enclosure with certain specifications without temperature rise of its different parts
over the limits specified in Table (2-5). Hence, normal full load current of the CB
must not exceed the rating inside the enclosure, which is lesser than the thermal
rating of the CB. To obtain acceptable operation of the CBs, rating in ampere of the
CB must be taken into consideration inside the switchgear, where its rating is
affected by the degree of ventilation and size of connections of this CB. Size of the
cable used in connection depends on the number of CBs installed in the same raw.
To reach to good and acceptable performance for switchgears, must ensure
operating of the CBs in all surrounding operation conditions and performing the

tests for them inside the same board they installed.

Therefore, the manufacturer of the switchgears, whether if it is the manufacturer of
the CBs or that assembling the CBs inside switchgears of its design, must be given
test certificate directly related the conditions surrounding the CBs when actually

operated and ensure acceptable operation in actual operation conditions.

2-2-5 Construction of 380 v distribution switchgears
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Walls and ceiling of the distribution switchgears are from steel of thickness not less
than 1.5 mm and are painted internally and externally by two layers of approved
paints. Its structure consists of strong steel corners welded or tied with the walls
provided that the each cell is separated, and fixed with the other adjacent cells by
suitable methods and contains all the necessary devices to allow easy operation and
maintenance of all board devices by the operator. Each cell must be provided with
rear steel door with key. The switchgear must be provided with the required
switches and devices and all of their connections, insulators, CBs, fuses and terminal
blocks for the inlet cell and what are necessary for its operation. All devices are fixed
inside each cell at the rear of the front face of the board provided that only appear
the meters of submersible type, switch handles and the indicator lamps. Distribution
bars and their connections must be from good copper conductors installed on china
insulators or bakelite suitable for the operating voltage and does not allow for
temperature rise in distribution bars 40°C more than the temperature of the
surrounding weather which is 45°C. It is not allowed welding in distribution bars
and the cross section of the copper must be according to the design provided that
the current density not exceed 2 A/ 1 mm? of the cross section. The cross section
must not less than 250 mmz2. Connections system must be easy to be followed and
each phase must have separate color, red, blue and yellow, respectively, and the
neutral is black color. The main copper cross section must be the same in all board

parts.
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2-2-6 Earthing

All un-life parts of the switchgear, one terminal of current and voltage secondary
windings and meters must be connected to the earth. These connections must be

connected safely.

Earthing wire shall be made from ordinary copper or (braid) with suitable cross
section connected to all doors of the switchgear and the devices subject to touch and
one side of the secondary winding of voltage and current transformers, control and

measuring devices, etc.

2-2-7 Earthing Well

Earth wires are connected to special well constructed adjacent to the plant

according to the following specifications:

Earthing well consists of galvanized iron pipe of diameter not less than 2 inches
buried inside the ground with length 4 meter or until it reaches below groundwater
level with a distance not less than 80 cm. The length flooded by the groundwater
must be perforated with not less than five holes on the circumference for each 2 cm

of the axial length of the pipe.

The pipe is surrounded from outside by a mixture of sodium chloride and fine
crashed coal in low humidity dry soil. Ordinary copper bar is extended inside the
earth pipe and tied at the top of the pipe where a galvanized iron bush is installed.

Welding is not allowed.

The upper part of the pipe of length 20 cm is protracted inside a cast iron box with

hinged cover. The dimensions of the box is not less than 35cm X 22cm. This box is

installed with the cover at the level of the ground surface.
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Earth wire of the plant is connected to the earthing pipe by electric welding or with

tying screws. Tin welding is not allowed.

2-2-8 Calculation of short-circuit current and overload current for electrical circuits

To determine rating of the protection devices against overload and short-circuit, it is
required to calculate value of overload current and short-circuit current. These

value can be calculated from electrical installations code Item (6-4) and Item (6-8).
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2-3 Electrical Transformers

Distribution Transformers

Distribution transformers are used for public and industrial uses. They are usually
of power 1600 KVA or less. Also, for economic reasons, transformers of power up to

2500 KVA may be used.

Definition of the Transformers

Transformers are defined as the static part of the devices, which through
electromagnetic induction, transform the AC voltage and current between two or
more windings at the same frequency, usually at different values of voltage and

current.

2-3-1 Types of the used transformers
There are two types of distribution transformers:

- First Type: Liquid Filled Transformer. In which the core the windings are flooded
inside enclosure filled with liquid which provides cooling and insulation at the

same time.

- Second Type: Dry Type Transformer. In which the core and the windings are

cooled directly with air (Dray Transformers).

The first type is divided into units use inflammable mineral oils and other use
different types of fire proof liquids, such as silicon liquids or hydrocarbons

compounds.
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The second type is divided into two units. In the first unit the insulated windings are
in direct contact with the cooling air, and in the second the windings are enclosed

completely inside capsule of moisture proof materials made from cast-resin.

2-3-2 Common Powers of Transformers

Table (2-6) shows the power ratings commonly used in the commercial electrical

transformers.

2-3-3 Tappings

High voltage windings of the transformers contain tappings to change windings
ratio between the low voltage and high voltage windings to equate the change of the
primary supply voltage to keep the secondary voltage for the consumer within the
rating limits. The tappings are selected through external circuit. The transformer

must be disconnected from the supply before change the tappings.

2-3-4 Transformer Windings

The transformer consists of three branches core made from electrically insulated
steel laminations. Each branch holds two axially winded windings. The secondary
winding (low voltage) is the inner part near from the iron core, the primary winding

(high voltage) is the outer part. This combination is put inside steel enclosure.

In case of transformers of flood type, this enclosure consists of sealed tank filled
with liquid. In case of dry transformers the enclosure consists of ventilated cover to

contain the life parts.
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Table (2-6): Power ratings commonly used in the distribution transformers
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The windings are mostly manufactured from copper except in special cases

aluminum thin strips can be used.

2-3-5 Transforms Performance

When selecting the transformer, the preliminary cost must not be the only

consideration. In most cases, small part is cost from the total cost.

The factors that control the selection of a certain transformer, must take into
consideration the load factor, losses cost, efficiency, maintenance cost, fire fighting
quality and the required building cost, the available area for construction and air

temperature in addition to the preliminary cost.

2-3-6 Losses in the Transformers

- No-load and load losses in the transformer represent loss in the efficiency and is
the reason for the great part of transformer operating cost. These losses are
transferred to heat and usually removed through radiation in the environment

surrounding the transformer.

- Different suppliers of the flood transformers are compared in terms of
electricity consumption and the resulted no-load losses in case of continuous

activation of theses transformers.

- Load losses cost depends on the load factor (L.F.), which does not differ
significantly between products of the same power in case of oil transformers. In
case of transformers immersed in fire proof materials, these losses are

significantly different.
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Losses in the dry transformers are lesser than in case of the immersed

transformers.

Table (2-7) shows comparison between the different types of transformers of
power 1000 KVA. The same comparison must be performed between types of
transformers for all other powers before taking any decision for preference of a

type from other one as a factor of reference.

2-3-7 Temperature Rise

In temperate weathers, the difference in the temperature rise limits between the

immersed transformers and dry transformers is neglected in the combinations.

Rise in the ambient temperature of the transformers limits their power ratings,
where they are less than the value indicated on the data plate of the
transformers. The radiated heat due to losses affects also the electrical devices of

these transformers.

Table (2-8) and Table (2-9) show temperature rise limits for the two types of

transformers.

For the transformers installed inside the buildings, when the ambient
temperature is very high, it is preferred to use dry transformers, reduce their
powers to a value equivalent to this temperature and perform the periodic
maintenance due to the sensitivity of this type and prevent pest from reaching to

them.

For the transformers installed in high temperature areas or inside very confined
places, it is better to use transformers manufactured specially for high

temperatures and immersed in silicone liquids.

157



Table (2-7): Comparison between electric losses in some types of transformers

* BIL = Basic insulation impulse level.
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(1000 KVA)
Losses in kilowatts at operating temperature
No load 1/4 Load 1/2 Load 3/4 Load Full lcad
0il No lead 2.8 %o load 2.8 No load 2.8 No lpad 2.8
Askarel 2.8 Load 0. Load 2.3 Load 5.2 Load 9.1
Silicone Total 3.4 Total L | Total 8.0 Total 11.9
dry-type, 150°C 1.2 Mo loac 3.2 No load 3.2 No load 3.2 No load 3.2
Load Q. Load 3.3 Load 7.4 Load 13.2
Total 4.0 Total 6.5 Total 10.6 Total 16.4
Epoxy ary-type 3.2 No lcad 3. No lead 3.2 Mo load 3.2 No load 1.2
Load Load - 3.0 Load 6.7 Load 11.
Total 3.9 Total 6.2 Total 9.9 Total  1S.



Table (2-8): Temperature-rise in dry transformers

2

3

4

Part

Zooling method

Tezperature class
of insulation”

Maximum temperature rise

(*C)

Windings (temperature rise
measured by the resistance
me thod)

Air, natural or forced

oM wm e

60
75
80

100

125

150t

Fores and other parts
{a) Adjacent to windings

(b} Mot adjacent to windings

All

{a) Same values as for windings

{3) The temperature shall, in
no case, reach a value that
will damage the core itself}
other parts or adjacent
materials

Note. Insulating materials may be used separately or in combination provided that in any application each.
~ material will not be subjected to a temperature in excess of that for whith it is suitable, if operated

under rated conditions.

"In accordance with IEC Publication 85, Recommendations for the Classification ¢f Materials for the i:nsular.ion
_o! Electrical Machinery and Apparatus in Relation to their Thermal Stability in Service.

Tror certain insulating materials, temperzature rises in excess of 150°C may be adopted by agreement between
the manufacturer and the purchaser.”
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Table (2-9): Temperature-rise limits in oil transformers

1 Z

Part Maximum temperature rise {°cy

I‘n‘indings: 65, when the oil circulation is natural or forced non-—
class of insulation A directed
(temperature rise measured by the
resistance method) 70, when the oil circulation 1s forced and directed
Top oil (temperature rise measured by §0, when the tsansformer is squipped with a conservator of
thermometer) sealed

55, when the transformer 1s neither equipped with a
conservator nor sealed

cores, metallic parts and adjacent The temperature shall, in no case, reach a value that will
materials dapage the core itself, other parts or adjacent materials
NoTe

The temperature cise limits of the windings (measured by the resiszance method) are chosen to
give the same hot-spot temperature rise with different types of oil circularion. The hot-spot
temperature rise cannot normally be peasured directly. Transformers with farced—directed oil
flow have a difference between the hot=spot and the average temperature rise in the windings
which is smaller than that in transformers with natural or forced but not directed oil flow.
For this reason, the windings of transformers with forced-directed oil flow can have temperat-

ure rise limits (measured by the resistance methed) which are 5% higher than in cther
transformers.
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2-3-8 Loading Guide of Transformers

- The ambient temperature and service conditions can be determined for the oil
transformers without occurrence of damage for windings insulation due thermal
effects in case of exceeding the allowed limits. The same units can be applied in

case of use of other types of cooling liquids.

- Purpose of the loading guide is to give the allowed limit under certain conditions
of cooling medium temperatures and the primary loading percentage of the
rating power (of normal operation position) in order that the designer can select

the rating power for any new constructions.

- Determine normal cooling medium temperature (e.g. 30°C) and the deviations
from this value in order to achieve balance between elongating of the lifespan in
case of operating under lower temperature and shortening this lifespan in case

of operating at higher temperature.

- In the practical applications the transformers are not operated continuously
under full load. The guide gives suggestions for daily loading cycle taking into

consideration change in the ambient temperature during seasons of the year.

- Table (2-10) shows loading guide for the oil transformers at 20°C of cooling

medium.

- By this table, overload of a transformer with certain rating power can be
determined during certain period of time or determine the required rating
power for a transformer with daily loading cycle through drawing a curve for the
relation between K1 and K2 at different values for the loading periods (t) (Fig 2-
36).

161



Table (2-10): Loading Guide for Oil Transformers

¥, = gnitial lopd power asoa Fractbon of rated power

k, = ]:crmlﬂr.ihltr lomd power s o frnet lon ol roated povar
greater than unity)

t = duration of K, in hours

5 X temperature of cooling medium (alr or water).

Hote K
5

i 2 51..’5'_ and K, o= SIISr where 5 s the éniti:ﬁ] ionad power,

, i3 the permissible load power amd 5 s the rated power,

values of K, for given valves of K; and €

Ky, =0.25

u,-u.5o1n,-0.w Ky = 0.00 [k, =0.90 | K, ~ 1.0
L - 0.5] 4 + 1.93 1,03 1,69 1.00
Lo 1.8y 1.40 1.70 h.62 T lLED .00
|;. - 2 |:_5_9 1,51 i .46 1. 41 §.32 1.00
L= 4 1.34 1.31 1.27 1.24 L.16 1.00
be 6 1,23 1.2k L.ti Tk 1.12 1.00
t - 8 .16 1.15 1 o B 1.12 1.09 1.00
s » 12 e 1 1.09 1.08 1.07 .05 .00
= 24 oo | 1,00 1.00 1.00 100 | 1.00

Mote In normal cyclic duty the value of Kj should not be groater
than 1.5. The values of K, greater than 1.5, underiined,
_apply to smergency dutles.

The + sign Lmdicates that K, la higher than 2.0.
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2-3-9 Fire resistance

Dry and immersed transformers (except mineral oils) are considered fire proof, this
does not mean these materials are non-inflammable although these materials have
fire point (is the temperature at which occurs continuous burning of the material
when subjects to flam at its surface). The most important factor that must be taken
into consideration is material resistance to fire and to be the fire point of the
material more high than the maximum temperature of the transformer at full load in

worst weather conditions.

- Table (2-11) shows fire point for some fire proof materials (carbonaceous
materials are excluded for their danger on the environment). From the table it is
clear that there is no great difference between the materials except insulation Class
H, which can be considered practically fire proof. Poisonous effect of the vapors
emitted from burning of these materials and the resulted danger must be taken into

consideration in addition of the other features for comparison purpose.

Removal Heat Rate (RHR) resulted from the burned material is considered an
important factor, where depend on it size and nature of the transformer enclosure.
This rate consists of two components, one is convective and the other is radiative.
The first component is higher in value and is considered a measure of destruction to
the ceilings of the transformers buildings, while the second component shows the
destructive effect of the fire on the walls and the equipments surrounding the

transformer.

- Table (2-12) shows values of these components for some fire proof materials.

(7 - Sanitary Drainage Treatment Plants code - First Volume)
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Fig (2-36): Relation between K1 and K2 at different values of loading period t
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Table (2-11): Fire point for some fire proof materials

Material®

Fire pulnt (*C

Sllicone 1loulid 100
las1 7131 110
Flaal renin nn
Class N I

*
For comparison porposes mineral oil is

1rasc,

Askarel {ia won=flammable.

T1henn designs are virtually fire proof.

Table (2-12): Removal Heat Rate (RHR) values for some fire proof materials

51l icone

Malerial

Fda 1

igh fire polnt hydrocarbon

TR
onvecstlve -rgﬂiativ1
(kWim 3 kM /m") .

51 15

LAG k1)

poRy Eesin
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2-3-10 Connections

- Secondary windings of the distribution transformers are connected at the low

voltage side in star connection (Y) and the system is earthed at the neutral point

to obtain single voltage.

- The primary windings are connected at the high voltage side in delta connection

(A) to eliminate the triple harmonics.

- The commonly used connections, according to the shift between the same phase
in the primary and secondary windings, are: Dy 11, Dy 5 or Dy 7. Dyl1l or

equivalent is the most commonly used in the world.
- Fig (2-37) shows these connections in addition to other connections.

In this figure, HV vector diagram is taken as the original vector and the similar

phase in the LV windings is related to it according to clock hour figure.

- Phase shift test for primary windings (High Voltage) and the secondary windings
(Low Voltage) is neglected in case of use only one transformer for area network.
If the network contains more than one transformer, all transformers must have
the same phase relation, otherwise the transformers can not be operated in

parallel or to covert the supply of the network from a transformer to another.
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Fig (2-37): Commonly uses vector groups in distribution transformers
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2-3-11 Terminals

LV Terminals in the transformers are in the form of epoxy resin case contains set

of pins connected to it cable terminals with screws.

HV terminals are in the form of cables box filled with compound in case of paper
insulated HV cables or upper cables box in case of XLPE or P.V.C cables provided

with thermal shrinkable sleeves.

2-3-12 Transformers Cooling

Transformers are identified according to the used method of cooling. Table (2-13)

shows the alphabetic letters used as symbols to indicate the cooling method.

The simplest cooling methods are done by cooling the windings by natural air
passing over the hot surfaces of the windings and transformer core, where heat
is transferred to the air surrounding the transformer by convection of radiation.

This method is described as Air Nature (A.N.).

To overcome the obstacles that reduce heat transfer from the windings to air,
forced-directed air is used over these windings to improve heat flow and

increase cooling rates significantly. This method is known as Air Forced (A.F.).
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Table (2-13): The alphabetic letters used as symbols to indicate the cooling method in

distribution transformers

P
KinZ af socling medium | -ym:c-[
wimeral cil or eguivalent Ilammable synthetls
i1 8. 3 5
insularing liguid

Kon-flammecle synthatic insulating liguld L

&
Gan

W
kazer

A
Rir

kimd of cirsulatien

=
satural
Toread {2i! pot directed)

o
rarcad=dlrecsed o4l
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These two methods can be combined in dry transformers by using natural air
cooling with the operation of an automatic fan in case of temperature rise in

transformers more than the normal limits. This method is called (AN/AF).

In case of the transformers immersed in liquids, two groups of letters must be
used to describe method of cooling, the first describes windings cooling and the
second describes method of cooling surface of the liquid. In case of windings
immersed in oil are cooled naturally and in the same time this oil is cooled
naturally by air. The letters indicating this are ONAN. If the oil is cooled by the
forced air, the cooling method is ONAF. The two methods can be combined
through operation of an automatic fan to force the air over the surface of the
liquid in case of temperature rise more than a certain limit. This method is
known as ONAN/ONAF, so the power of the same transformer can be increased

significantly.

When using a pump to help in oil flow inside the transformer in addition to

operation of a fan to force the air, the method is called OFAF.

For transformers of power 50 KVA or more the natural method of cooling ONAN
requires greater cooling surface for oil tank than the normal surface of this tank.
This additional surface can be obtained whether by using pipes welded to the
tank walls carrying the hot oil from upper most of the tank to the bottom of the
tank as used in the past or to use cooling plates similar to that used for hot
water, which are installed in the form of banks at the sides of the tank to
increase the cooling efficiency and decrease the cost in case of using the pipes.
Now, oil tanks made from deep tortuous thin plates (1.2 mm) are used to obtain

the highest natural cooling efficiency for the cooling oil of the transformers.
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2-3-13 Ventilation of transformer enclosure

- The transformers used inside closed enclosure, its temperature will be higher at
the same load than that used in the open air. So, to increase service life of the
transformers, this matter must be taken into consideration when design

transformers enclosure to limit this temperature rise.

- A balance must be made between advantages of using ventilation fans for these
enclosures to limit temperature rise and the advantages of natural ventilation
that does not depend on efficiency of performance and maintenance of these

fans and the dangers resulted from the sudden stop of the fans.
- Temperature rise in transformers enclosures depends on the following:
(A) Transformer total losses.
(B) Net area of ventilation openings (inlet and outlet).
(C) Active vertical distance between inlet and outlet openings.

- Ideal location of air inlet opening is lower and under the center line (C.L.) of

transformer radiator and to install the transformer as near as possible from it.

- Air outlet opening is at high location and must not directly over the transformer,
but is located on the wall apart from the inlet opening to enable pass of the cold

air over the transformer while passing from inlet opening to outlet opening.

171



- Minimum distance of the outlet opening from the inlet opening in the ideal case

is equal to one and half height of the transformer.

- Net area of the inlet opening or the outlet opening is calculated from the

following empirical formula:
A=0.06P 1
Where:
P = Total loss emitted from the transformers (KW)
A = Area (m2)

Also, the following formula can be used:

=i TR <L

o

Where:
AL = Cross section area of both ventilation openings (inlet-outlet) (m?)
P = Total loss of the transformer (KW)

H = Distance between center of the transformer to the center of the outlet opening
(m).
- Fulfilling the above conditions, air temperature of transformer enclosure must

not exceed the ambient temperature more than 7-8°C.
Fig (2-38) shows nomogram for determination of areas of air inlet and outlet.

Fig (2-39) shows installation of the transformers in sealed enclosure.

2-3-14 Transformers Insulation Strength

Transformers insulation strength is tested at 75 KV for the transformers installed

inside the enclosures and the electrical current supply is connected through cables,
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and at 95 KV for the transformers installed on posts or outside the buildings and the

electrical current supply is connected to them through upper lines.
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Fig (2-38): Nomogram for determination of areas of air inlet and outlet
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Fig (2-39): Installation of transformers in sealed enclosure
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2-3-15 Parallel Operation of the Transformers

Acceptable parallel operation of the transformers is that each transformer must
carry its share of the rated power. To achieve this condition, the transformers

connected in parallel must have the following:
Same ratio of voltage transfer.
Same phase shift.

Same impedance.

Therefore, any two transformers of 3-phase transformers that have the same

properties and same connection symbols can be operated in parallel (e.g. the two

connections 11Yd and 11Dy can be safely operated in parallel).

The impedance controls the share of each transformer in the total load. In this case,

the resistance of each unit must be symmetrical.

A)

B)

0

There are other points must be taken into consideration such as:

Impedance of the transformers can be changed within + 10% of the value of
impedance test, accordingly they may exist two transformers have the same
impedances according to the test although their difference in impedance of

about 20%.

Length and type of the cable used in connection of the transformer must be
taken into consideration when calculating the impedance in case of connection
of new transformer in parallel if this transformer in located at location apart

from the working transformers.

For the transformers that have division range exceeds 10%, change in

impedance must be taken into consideration within this range.

In addition to above, there is great difference between transformer producers in

terms of windings which give significant change in transformer properties.
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2-3-16 Transformer Protection

The transformers are provided with the following protections:

2-3-16-1 Differential Protection

Differential protection depends on the comparison between the primary and
secondary currents of the transformer. In case of unbalance, this means occurrence
of external fault outside the transformer. As the connection of the primary and
secondary windings is usually different, it must be balanced by connection of

suitable current transformers (CTS).

2-3-16-2 Restricted Earth Fault Protection

Secondary windings of triple current transformers (CTS) are assembled at a side of
the transformer windings with a relay connected across them. A fourth current
transformer (CT) is connected on the neutral point of the windings connected in the

shape of (T) connection. The relays are energized only in case of internal earth fault,
where the output of the current transformers does not give zero sum which causes

flow of current in relay circuit.

2-3-16-3 Unrestricted Earth Fault Protection

One current transformer (CT) is connected on the neutral point of the star (Y)
windings gives measure of the earth fault protection, but the relay in this case

energized also in case of occurrence of faults outside the transformer.
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2-3-16-4 Over current protection

The positions of the over- current relay must be adjusted in order to be able to
discriminate the protection at the load side of the transformer (and not to protect

the network behind the transformer).

2-3-16-5 Gas and Oil Relay

Gas and oil relay is installed in the pipe connecting between main oil tank of the
transformer and the compensation tank. It is usually exist in the oil transformers of
power 1500 KVA and more. The relay is provided with two floats holding switches
normally opened or normally closed. One float is operated when the oil level in the
compensation tank, and consequently in the relay, reaches to undesired low level.
The switch is connected usually at the low level with alarm circuit that gives alarm
when the oil level in the transformer decreases. The other float is operated when
there is sudden emission of gas inside the transformer in case of existence of a
serious fault or burning of the transformer windings. Switch contacts in this float is
usually connected to a trip circuit in the control board of the transformer, which
disconnects the transformer from the source of current supply. It must take into
consideration that at the start of the transform there is some gas emitting from the
air bubbles exist in the oil that may energize the gas and oil relay and give false

alarm.

2-3-16-6 Pressure-Relief Devices

The device in installed on the cover or the walls of the main tank of the transformer
and is operated when the pressure inside the tank increases, where the seal snaps
are opened and allow discharge of the collected gas through a wide nozzle with rate

reaches 283 m3/min.
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2-3-16-7 Winding Temperature Indicators

As it is difficult to measure winding temperature by direct contact with the
conductors of these windings, winding temperature indicator is considered the most

accurate indicator through a narrow strip to load the transformer.
There are two main types of winding temperature indication:

A. Direct method: Where the device probes are put as near as possible from LV

windings.

B. Indirect method: Where a thermal image device represents or simulates the

temperature difference between the windings and over the oil level.

Method (A) is used in most cases with the dry transformers, where the wide cooling
passages allow putting the thermal probes of the device in order not to damage the

insulators of transformer windings.

— The indirect method uses a measuring structure consists of temperature
indicator provided with disc and pointer and current transformer installed on
the life terminal of transformer windings, where the corresponding current
flows from its secondary windings to a thermal coil winded on the control
winding of the measuring device. Through a calibration resistance the current
flowing can be adjusted in the thermal coil to a value that produces the correct

difference between the windings and the oil.

— There are other methods suitable for the large transformers, where a standard
platinum resistance of value 100 ohm is used as a probe fixed as near as possible
from transformer windings, and the device measures the resistance of this

probe, where its value changes as windings temperature changes.

— The temperature indicators are connected to alarm circuits or disconnection
circuits. They can also be connected to three or four switches to operate fans or

pumps to force the air or oil to a cooling cycle outside the transformers.
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2-4 Electrical Cables
2-4-1 Current Rating

* When an electrical current passes in the conductor of the cable, heat is produced in
the conductor and is proportional to the heat quantity produced per unit time and
the product of the current passing in the conductor and the conductor resistance.

Therefore,

W z

T T TR e e e e (1)
W

T = Produced heat quantity per unit time (W/Sec)
[ = Current passing in the conductor (Ampere)

R = Conductor resistance (Ohm)

* The generated heat rises conductor temperature and produces a temperature
difference in comparison with the ambient temperature of the conductor (air or
ground), where the generated heat flows through the insulating material of cable
conductor.

* Quantity of the flowed heat per second is proportional to the temperature
difference produced from the current flow. Consequently, the temperature
difference AT at a certain current increases in order to reach to balance in
temperature at a point where the heat flow to the ambient environment per unit
time is equal to the heat quantity generated in the conductor

That means:

G (2)

Where:
& = Heat flow per second

* By applying Ohm’s Law, the heat flow is calculated as follows:

AT
=Rih — 3)
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Where:

Rih = Thermal resistance of the conductor (thermal ohm) and is calculated in

°C/Watt

The thermal resistance consists of internal thermal resistance (Rthi) from the
conductor to the outer surface of the cable and external thermal resistance (Rthe)

from the outer surface of the cable to the ambient environment.

* When reaching to balance in temperature and applying formulas (1), (2) and (3),

then:
5 AT
1" R= -
(Rthi + Rthe)
Or:
AT = I°R  (Rthi+ Rthe) (4)
Note:

In case of alternating current, conductor impedance must be calculated as well as
the induced currents in the metallic enclosure of the cable, but to facilitate the
calculations, formula (4) can be used to give practical acceptable and sufficient

results.

* Maximum allowed temperature of the conductor must be specified in the
insulating materials properties used in the cables, and consequently the
temperature difference between the surrounding medium of the cable and the
conductor is restricted. This can be achieved only by restricting the heat generated
inside the conductor. From formula (4), the value I2R must be decreased by the

following:
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A Restricting conductor resistance R by selecting a conductor of sufficient cross

section area.

B Restricting the allowed maximum current Imax at a certain cross section area of

the conductor.

* Internal thermal resistance (Rthi) depends on the cable construction and can be
calculated from cable dimensions and specific resistance of the materials used in
insulation and cladding. External thermal resistance (Rthe) of the cable depends on

many external factors that have effect on the thermal convection.

* There are difficulties in specifying the current flow in the cable, not only related to
the cable itself, but also to heat flow rate 8, which are the cooling problems. These
difficulties can be avoided in the ordinary cables used in the economic range by
specifying the allowed current by using rules applied in the normal conditions.
Current rating tables are prepared for standard cross section areas of the cables and

are used to find the current.

The same tables are used for LV cables regardless of the used insulating material.
* [t must discriminate between two systems of laying the cables:

- Cables laid in the air.

- Cables laid in the ground.

This principal is used in cables current rating tables.

* Maximum current flow in each cross section area of the copper conductors is
prepared such that the temperature difference between the conductor and the
surrounding medium AT in normal operating conditions must not exceed 35°C,
hence in atmosphere temperature of 25°C for the cable laid in air, conductor

temperature will be more than 60°C for the cables insulted by P.V.C.
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* Insulation material can affect cable temperature, where the temperature increases

as the thermal resistance of this material increases.

LV current rating tables are prepared for XLPE insulation for maximum temperature

of copper conductor of 85°C.

* Table (2-14) shows current ratings for copper cables laid in air with P.V.C

insulated conductors.

* Table (2-15) shows current ratings for copper cables laid in the ground with P.V.C

insulated conductors.

* Table (2-16) shows current ratings for copper cables laid in air with XPLE

insulated conductors.

* Table (2-17) shows current ratings for copper cables laid in the ground with XPLE

insulated conductors.

* Table (2-18) shows current ratings for multi-core cables with XPLE or PVC

insulated conductors in an ambient temperature of 25°C.

2-4-2 Derating Factors

If cooling of the cable is restricted to a certain limit, the current flow in this cable
must be reduced to prevent reaching to a high temperature exceeds the limits

specified to the used insulation.

The factors that restrict normal cooling rate are:
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Table (2-14) Current ratings for copper cables laid in air with P.V.C insulated
conductors
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Table (2-15) Current ratings for copper cables laid in the ground with P.V.C insulated
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Table (2-16) Current ratings for copper cables laid in air with XPLE insulated

conductors
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Currant rating s and pratection for
cables, laid in the ground with
sross-linked
palyeihylene} insulsted conductors')

conductors.

Table (2-17) Current ratings for copper cables laid in the ground with XPLE insulated
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Table (2-18) Current ratings for multi-core cables with XPLE or PVC insulated
conductors in an ambient temperature of 25°C.
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— Increase in ambient temperature.

— Effect of the adjacent cables carrying current whether the cables laid on the

walls, trays or in the ground.
— Less of moisture in the ground in which the cables are laid.
— Circumference of the cable installed totally of partially on a reel or cylinder.

In all cases, maximum current ratings in the tables must reduced by a certain

percentage.

* Table (2-19) is used as a practical guide for derating factors for rise in ambient
temperature, effect of grouping of cables, variation of thermal resistivity of the soil

due to changing in moisture percentage and for cables on reels.

* In case of existence of more than one affecting factor at the same time, the derating

factors must be taken into consideration corresponding to these effects. .

* Precaution must be taken in case of installing more than one cable in the same
trench or duct, where it is difficult to provide sufficient ventilation and specifying

accurate derating factor.

2-4-3 Voltage Drop

The voltage drop in the cable is the difference between the voltages measured at the

two ends of the cable.
Drop percentage of the circuit voltage rating is:
Maximum 5% for lighting system

Maximum 2% for power system.
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Table (2-19) Practical guide for derating factors for rise in ambient temperature,
effect of grouping of cables, variation of thermal resistivity of the soil due to changing
in moisture percentage and for cables on reels
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* Accurate voltage drop can be calculated from the circuit vector diagram, and in
most cases the accurate calculation is not necessary and it is sufficient approximate

calculation as follows:

A) For DC

=2l =
Av 1000
Where:

AU Voltage drop between the two ends of the cable in volt (measured between the

poles)
[ = Current rating in Ampere.
| = Cable length in meter.

r = Cable resistance in ohm/km

B) For single phase AC

T cosp

AU Voltage drop between the two ends of the cable in volt (measured between the

phase and the neutral point)

[ = Current rating in Ampere.

| = Cable length in meter.

r = Cable resistance in ohm/km

Cosd = Power factor of the cable load.

C) For three phase AC

rcosd
Av =311 ——

Where:
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AU Voltage drop between the two ends of the cable in volt (measured between the

conductors of the same phase)

[ = Current rating in Ampere.

| = Cable length in meter.

r = Cable resistance in ohm/km

sin ¢ = Power factor of the cable load.

Note:

The above values are sufficiently accurate when the impedance of the cable (x) can
be neglected compared with cable resistance (r), which is the normal case of cables

with cross section area not more than 70 mm?2.
For cables with greater cross section area, the voltage drop is calculated as follows:

(1) For single phase AC
ﬂU Y -i' cosfeby sind
L0

(2) For three phase AC

e 1 OS¢ s1ud
Koy s AT ] ool R
1)

Where:
X is cable impedance in ohm/km
Can be taken 0.1 ohm/km

* The nomograms shown in Fig (2-40) and Fig (2-41) are used for practical

applications.

2-4-4 Cables short circuit
2-4-4-1 Thermal short circuit rating with PVC insulted

Thermal short circuit rating is calculated from the following formula:
Ru)
o

Where:

lk=

-4
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IK = Short circuit rating in KA

t = Short circuit time in second
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Fig (2-40): Nomogram for calculation of voltage drop for double cores cable, single
phase alternating current, Cos¢ = 1.0
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Fig (2-41): Nomogram for calculation of voltage drop for 3- core cable, 3- phase
alternating current, Cos¢p = 0.8
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q = Nominal cross section area of the copper conductor in mm?
This formula is applicable for temperature rise between (70-150) °C

Fig (2-42) shows nomogram the relation between the short circuit, time and the
cross section area of the cables with PVC insulated conductors by applying the

above formula.

2-4-4-2 Thermal short circuit rating with XPLE insulted

Short circuit is calculated from the following formula:

k= il (
1aq

IK = Short circuit rating in KA

t = Short circuit time in second

q = Nominal cross section area of the copper conductor in mm?

This formula is applicable for temperature rise between (85-250) °C

Fig (2-43) shows nomogram the relation between the short circuit, time and the
cross section area of the cables with XPLE insulated conductors by applying the

above formula.

2-4-5 Design considerations for installation of cables, pipes and their dusts

Egyptian Code Concerning Design Criteria and Rules of Electrical Installation in
Buildings must be taken into consideration when determine specifications of cables,

fittings, pipes and their ducts.
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Fig (2-42) Nomogram the relation between the short circuit, time and the cross

section area of the cables with PVC insulted conductors (LV copper conductor cables)

195



Fig (2-43) Nomogram the relation between the short circuit, time and the cross
section area of the cables with XLPE insulted conductors (LV copper conductor
cables)
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2-5 Electrical Power Generation Station

Introduction

For the importance and necessity of continuous lift of the pumping station in case of
current interruption from the city supply to the station, it must provide alternative
power supply to the plant by construction of emergency electricity generation

station as integral part of the plant for continuous operation purpose.

2-5-1 Power of the emergency power station

- Emergency power station must have a power commensurate with the operation of

all pumps and operating devices in the pumping station.

2-5-2 Number of units of emergency power station

According to the above mentioned emergency power for operation of the pumping
station, minimum number of the generation units shall be determined to achieve
balance between economic aspects and secure of operation taking into

consideration the available area.

2-5-3 Specifications of Generation Unit Motors
Power :Emergency power / number of generation units.
Cycle : Four strokes

Fuel : Diesel/ solar with sprincklers, fuel pump and Turbo charger.
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Cooling : Water or air according to the location of the station and the

availability of the cooling water.
Starter : Electrical or compressed air

Cylinders order : According to the power and the available area, row of V type will

be selected.

Engine Speed N : Engine speed in specified in rpm according to current frequency
(f) (50 c¢/s) and number of poles of the electrical generator (P) by

the following equation.

¢ - _PN
60) Hz

Motor speed is taken as follows:

Less than 300 KW : 1500 rpm
More than 300 KW up to 600 KW : 1000 rpm
More than 600 KW up to 1500 KW  : 750 rpm

More than 1500 KW : 600 rpm

2-5-4 Diesel Motor Components

Motor Intake

— Airrequirements are estimated by 0.07 m3/min/hour brake of the motor power.
— Air intake is provided by internal air filter.

— When using turbo charger, it must provide a straight length not less than 5 cm

before connection it with the motor air intake.
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Air pipe connections must be designed in a way that facilitates replacement of

the filter in addition to isolation of motor vibrations and noise.

Engine Exhaust

Exhaust pipes and the silencer must be thermally insulated to protect the
workers in generation house and prevent temperature rise in the house that may

affect intake air temperature or starter batteries.

Path of the exhaust pipes must be kept away from any flammable materials by a

distance not less than 25 cm.

Exhaust pipes must pass inside enclosure of diameter not less than one and half

exhaust pipes diameter when passing through the walls or the ceilings.

End of the exhaust pipes must be chamfered at angle from 30° to 45° to reduce

formation of gas cyclones, reduce noise and protection from rains.

House Ventilation

Generation units’ house must be ventilated, as the good ventilation saves from
6% to 10% of fuel consumption due to the heat dissipation in the house,
improves production of generation units and distribution boards and provide

suitable atmosphere for operation and maintenance works in the house.

Ventilation of the house must be kept at 38°C.
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Engine Cooling

Cooling cycle must contain thermostat allows operation over 80°C to keep the

motor efficiency at starting up.

Temperature difference between inlet and outlet cooling water must be between
5°C t0 8°C.
Cooling water pressure must be between 0.25 to 0.45 kg/cm? to prevent

formation of vapor inside the radiator and engine cooling chest.

Temperature of the upper part of the radiator must be less than 100°C to

prevent confinement of cooling water pump and increase its efficiency.

Speed of pure cooling water is between 0.6 m/sec and 2.5 m/sec, while it is from

0.6 m/sec and 1.9 m/sec in case of raw water.

Quality of cooling water (pure or raw) must be taken into consideration when

determining the velocities inside cooling cycle pipes.

2-5-5 Fuel System

Main Storage

Fuel is stored in large tanks with sufficient volume for operation of all
generators at full load for a period ranging from one week to two weeks

continuously according to the distance from supply sources.
Main fuel tanks may be under or over ground surface.

Fuel tank is made from treated steel plates and not from galvanized iron to avoid

chemical reactions with the fuel.
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Main tanks must be over ground surface in case of availability of the necessary
area away from the surface motion and under the ground surface in case of

unavailability of the necessary area.

Tank Components

Tank filling pipe installed in a way that achieves safe operation processes.
Tank vent pipes.

Measuring hole.

Drain valve at the bottom of the tank to suck the sediments at regular intervals.
Electrical pumps to transfer fuel from main tanks to daily tanks.

Tank components are made from treated steel (and not galvanized iron), steel or

copper.

Daily Storage

Daily tank is installed in generators house.

Fuel suction and return pipe diameters must not less than motor components

and pipes diameters for the all pipe lengths.

Pipe diameters are increased in case of supply fuel to more than one motor, and

also in case of temperature decrease.

Filters

Filters are installed to prevent fuel sediments which cause blockage of the fuel

injection sprinkle nozzles and injection pumps.
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Filters are provided with grid screens with spacing 0.3 mm.

Large motors are provided with two filters with a means of change of any of
them to facilitate cleaning and replacement of the damaged filter during

operation to avoid fault of the motor.

2-5-6 Starting Systems

The generator motor is started by one of the following two methods:

Electrically (battery + starter motor) for the engines of power up to 500 KW

Compressed air for the engines more than 500 KW.

Electrical Starting motion

The following points must be followed when using this method:

[t is preferred to use lead acid batteries because they are less expensive than the

nickel cadmium batteries.

Generators house temperature must not exceed 38°C to maintain the power and

operation efficiency of the batteries.

Copper cables must be used in the connections between the batteries and starter

motor.

Battery charger must be used in generators house to charge the batteries during
stop operation of the generators, in addition to the DC generator which charges

the batteries during operation of the engines.

Starting motion by compressed air

The following must be taken into consideration when using this method:
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Provision of air compression ranging from 7 kg/cm?2 to 16 kg/cm? from the an

air compressor, air tanks and non-return valves between them.

Volume of the air tanks must be selected according to air quantity necessary for
each operation, number of operations, tank pressure and atmospheric pressure.

This volume is determined by supplier of the engines.

The main air compressor is operated by internal combustion engine turned by

benzene, kerosene or solar.

Provision of an emergency air compressor operated by electrical motor.
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3- Design rules for and architectural works
3-1 Architectural Works
3-1-1 Layout

Units must be distributed on the site layout of the pumping stations in a way that

allows the provision of the following rules:

A. Main roads and sub-roads must be with the width that allows entrance and exit
of the cars and to perform the necessary maneuvering, taking into consideration
levels of the roads and sidewalks with the constructions that will be

implemented.

B. Existence of the guard rooms and information room adjacent to the main

entrance of the plant.
C. Provision of green areas between the units.

D. Administrative building units must be away from the sump and to study wind

direction to avoid subjection of the buildings to bad smells and gases.

E. The site must be provided with water, irrigation, fire, sanitary drainage,

electricity and lighting networks.
F. Areas for car parking.

G. Construction of suitable fence.

3-1-2 Project Units

The following are the design rules for some units that consider the aesthetical

aspects (color and heights coordination of project units):
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3-1-2-1 Motors House

Floor level of motors house must be at height 30 cm from road level.
Easy electricity supply taking into consideration the economic aspects.

The distance between crane beam and the lowest point of ceiling beam must not

less than 1.5 m.

Provision of sufficient ventilation and lighting inside the house.
Provision of handrails around sump roof openings inside motors house.
Cable trenches must be submersed in the floors.

Motors house floor must be from ceramics resistant to acid and friction and the

walls from faience at suitable height.

Stairs opening at sump roof must be of size 1.20 X 1.20 m

Existence of 2 openings at sump roof at the sides of the dry part with size not
less than 30 X 30 cm for suction and air circulation.

3-1-2-2 Generator and Transformers Building

Easy access to transformers building doors at the external fence and at the main

roads and sub-roads.

The distance between crane beam and the lowest point of ceiling beam must not

less than 1.5 m

Provision of sufficient ventilation and lighting inside the house
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Internal finishing must be from materials suitable to the building. Floors must be
from ceramics resistant to acids and friction and cable trench covers at the

ground level to not hinder the motion.

3-1-2-3 Workshops and Stores

The distance between crane beam and the lowest point of ceiling beam must not
less than 1.5 m

Provision of sufficient ventilation and lighting inside the house

Easy access of cars, equipments and instruments to workshops and stores

entrance.
Near from workers rest room and toilettes.

Internal finishing must be from materials suitable to the building. Floors must be
from ceramics resistant to acids and friction and cable trench covers at the

ground level to not hinder the motion

3-2 Construction Works

Refer to Egyptian Codes concerning construction works.
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4- Preparation of Tender Documents

4-1 Introduction

Released tender documents must contain technical information of the project,
general and special conditions, which are the provisions referred to them contract

parties, if necessary.

4-2 Contents of tender documents

Tender documents contain the following volumes:

- General and special conditions and technical specifications.
- Estimated bill of quantities

- Asbuilt drawings.

- Any other documents prepared by the designer, such as borings report, analyses

of soil and groundwater.

4-2-1 Volume (1): General and special conditions and technical specifications of the
project

This volume shall contain:
(A)Invitation to tender.
(B) Tender form.

(C) Instructions to bidders.
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(A) Invitation to Tender

Invitation to tender will be in one or two pages with brief description about the
project and tender procedures. It also contains method of obtain copy of tender
documents, price, date and place of submitting these documents. The tender is
published in the daily newspapers (two widely spread newspapers) in two

consecutive days.

(B) Tender Form

Tender form determines standard format for the contractors to submit their prices
and offers to the employer which facilitates technical and price comparison works

for equal opportunities.

(C) Instructions to Bidders

Instructions to bidders are the standard base of the bids that help to arrange bid
contents in standard order according to tender form. These instructions shall cover

the Following:

- Definitions.

- Offer of bidders.

- Tender documents.
- Tender procedures.

- Tender requirements.
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- Mail instructions.
- Primary and final insurance
- Contract form between the owner and the contractor.

- Additional instructions.

4-3 Insurance Forms

Tender documents contain format for primary insurance submitted with the bid and
the final insurance that shall be submitted by the winner contractor from approved
bank. The format shall contain a provision states that the employer has the right to
issue this insurance for his benefit at first statement from the bank in this regard
without any objection from the contractor. This insurance must be valid to cover its

purpose.

4-4 Contract between the owner and the contractor

This contract is considered an independent document and shall cover five main

principals as follows:

- Legal capacity and competence of the parties to act and conclude the contract.
Sufficient number of copies must be signed for the owner, contractor, the

engineer (if any), contract and purchasing department and state counsel.

- Clear brief description of the project.

209



- Expected implementation period. This part is very important, as according to it

fine delays or contract extension, etc. may be imposed.

- The price, whether a fixed price covers the entire project, price for each item of

works or LS price for each group of similar items of the works, as agreed upon.

- Terms of payment through periodic payments according to work progress and
what agreed upon such as deduction of certain percentage accumulated until the
preliminary handover, the deduction from the advance payment paid to the

contractor, etc.

In addition to the closing payment of the project, this is considered from the most

important legal payment during the project.

This contract contains also to what extend the relation between this document and
other tender documents in terms of legal capacity, as this document is the only one

signed by contract parties.

4-5 Contract Conditions

Conditions of the contract are divided into two parts: general conditions and special

conditions (completing conditions).

4-5-1 General Conditions

General conditions cover rights and obligations of both the owner and the
contractor and determine scope of work and responsibilities of the consultant who
supervises the implementation (if any), works and responsibilities of project

manager.

Contents of general conditions are:
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A- Definitions
Important items are defined accurately and clearly, such as:

The owner- The contractor- Subcontractor- The engineer- The works- The Project-
Tender documents- drawings- Completion date of the project- Project commence
Date.

B- Rights and Responsibilities

Rights and responsibilities of each party are explained in detail to know each party
his rights and responsibilities under the contract as well as the relations with the

sub contractors, where rights and responsibilities of the contractor extend to them.

C- Using others

In general, the owner has the right to perform some works of the project by himself

or by independent contractor.

Therefore, the problems resulted from overlapping or efforts cooperation that affect

works of other must be added and detailed in the general conditions.

D- Settlement of Disputes

Conditions shall be laid in detail to determine method of settlement of disputes

resulted from the work whether amicably or by arbitration.
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E- Duration of the project

Project start up date and completion date is determined and accordingly the period
necessary for execution of the project. On the basis of this, the contractor shall make
the time schedules necessary for completion of the project to be approved from the
owner or his representative. According to these schedules shall specify any delay in
works, its reasons and to what extend the contract needs to amend the time
schedule according to the delay or to impose delay fines, as the case requires. The
force Majeure must be specified for the circumstances out of control of the
management during which the work is stopped. It must also specify working hours,

official holidays and occasions for the contractor to be aware in this regard.

F- Payments

Payments will be prepared according to work progress in a defined and clear way,
date of submitting these periodic payments and its least value, period necessary for
their revision by the owner or his representative in technical and financial affairs
and return procedures of these payments in case of mistakes in different stages of

revision.

Also must state that approval of the owner for issuance of these dues does not

consider approval of acceptance the work.

Also must state that the contractual and legal reasons that allow to the owner to
seize and hold issuance of contractor dues against failure to repair the defected
works, claims filed from the third party and failure of the contractor to comply with

conditions and provisions of the contract.
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G- Procedures of preliminary and final handover

(A) Preliminary Handover:

After completion of works, the contractor or his representative shall notify the
owner in writing that all works are under operation and ready for
commissioning procedures which shall be performed by the contractor in the
presence of the owner or his deputy and the engineer who supervising the

execution (if any).

After successful commissioning and supply of the spare parts, auxiliary devices
and as built drawings by the contractor, this must be proved in project

commissioning report.

After stability of the commissioning during the necessary period agreed upon
between the owner and the body that shall take over the project for operation
and get benefit thereof, or if the contractor shall perform the operation for

certain period under the contract.

In case of failure of the commissioning, the contractor adheres to repeat the
commissioning at his own expensive under performing successful

commissioning during the necessary period.

Preliminary handover is performed to get benefit and operate the project and
note any remarks or unimplemented works by making remarks list provided
that these remarks have no effect on operation and getting benefit from the
project. If the contractor failed to supply any auxiliary devices, spare parts,
preparation of drawings or documents, the contractor undertakes to complete

them within an agreed period. This period is within warrantee year.

The owner has the right to deduct or hold any amounts from the dues of the
contractor against completion of these works or continuation of the guarantee
letter. These amounts will be returned to the contractor after completion of

these obligations.
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If any part is defective or damaged during guarantee year, the contractor shall
replace the defective or the damaged part or perform repair if there is benefit
from the repair. If the contractor fails to perform the repair, the repair will be
performed by deducting the cost from his dues or according to the provisions of
the contract in this regard. Warrantee of the replaced part extends to one year

from date of replacement.

(B) Final Handover:

Before the end of warrantee period and the contractor has completed all of his
obligations, the contractor shall notify the owner in writing to specify date for
inspection and form final handover committee to include the owner and the
body benefited from the project which was trained on operation and

maintenance during the warrantee year.

In any works or obligations are not completed, final handover is postponed until
the contractor fulfills all the obligations according to the contract, technical
conditions and workmanship. The warrantee period will be extended

accordingly.

If the inspection proved that the works are in conformity with original technical
conditions and specifications or amendments thereof that added during
execution of the project and the committee decided that the contractor has
completed all of his obligations, final handover report shall be issued and signed
by the contractor, beneficiary body that shall be responsible about future

operation and the engineer (if any).

This final handover does not prejudice the responsibility of the contractor under

Egyptian civil law.

After completion of the final handover, a closing payment is made between the

owner or his deputy and the contractor or his representative.
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H- Insurance

The general conditions determine the areas that must be covered by the insurance
for the works, workers and the third party against the risks, including accidents,
theft, fire, etc by an insurance company approved from the owner. The insurance
certificates are issued in the name of the owner and shows also suitable
compensation for each case. It also covers owner, contractor and third party

obligations. Insurance certificates are sent to the two parties of the contract.

[- Changes

The general conditions determine method of making the change orders of works
that change in the contract and the time period necessary for this change by
addition of deletion from contract duration without affecting the contract

agreement itself.

The general conditions also determine method of negotiation between the different

parties to agree upon the effects resulted from the change in terms of time and cost.

G- Correction of works

This item of the general conditions gives the right to the owner to reject the
defective or unconformable works to terms of contract that must be replaced or

repaired by the contractor at his own expense.

K- Contract Termination

The general conditions must contain an item that gives the right to the owner to
terminate the contract due to failure of the contractor to complete the works on the

specified time or non-execution of the works.
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[t gives also the contractor the right for termination in case of failure of the owner to

fulfill his obligations.

4-5-2 Special Conditions

The special conditions are completing the general conditions to conform to the local
laws, environmental conditions and special conditions of each separate project. [tem
numbers of these conditions are similar to what in the general conditions when

adding or deleting some provisions of the general conditions.

A- Drawings

The drawings express the relation between different components of the
construction, where they illustrate their locations and dimensions and contain

information about the sizes, locations and quantities, which means design drawings.

The drawings must be complete to a large extend, accurate, with suitable scales and
include sufficient dimensions. They are considered guide for the contractor in his
estimations and calculation of the quantities when preparing the bid, construction
and execution of works. They also contain separate working drawings for all
constructional, architectural, internal sanitary drainage, electricity, conditioning and

cooling works.

B- Shop Drawing

As the working drawings do not contain accurate details for each part of the
different components of the construction, the executor (contractor, subcontractor,
supplier, manufacturer, etc) must prepare accurate and clear shop drawings contain
all the detailed information necessary for execution, including graphical curves for
method of performance, spare parts lists for the components, method of installation

and method of operation that shall be approved and used.
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C- As Built Drawings

The contractor shall prepare drawings complete with accurate dimensions and
details according to what actually executed on the ground to be submitted to the

owner as documents kept as a reference for maintenance and operation works.

D- Technical Specifications

Technical specifications are completing the shop drawings, where they express the
requirements in words and shows quality of the materials, supplies, equipments and

technical construction methods.

Technical specifications are considered the greatest part of the contract according to

the following categories:

General requirements, site works, concrete works, masonry works, metal works,
wood works, insulation and protection, doors, windows, finishing, special works,
equipments, furniture, special construction, conveying systems, mechanical works

and electrical works.
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These works are divided into four sections:
General, materials, execution and method of calculation.

“General” section contains definition of the scope of work in this section, including
quality control, information about the supplies and equipments, handling and

storage requirements and warrantees.

“Materials” section contains brief description of the materials used in this section as
a guide for the producers. “Execution” section contains details of methods of
construction, performance of works, inspection, acceptance and tests. “Calculation”
section verifies if this party of the works are loaded on contract items, item price, LS,

etc.

E- Estimated Bill of Quantities

- Estimated bill of quantities contain work items, brief description of each item,
method of calculation, whether with unit of area, volume or LS, and the

estimated quantity of each item.
- The contractor shall price each item.

- In bill of quantities, if the contractor did not price an item, the price of this item
is loaded on the prices of the other items of the contract upon execution,
however specifying the highest price for this item in the other offers when

evaluating this offer by evaluation committee.

- The quantities listed in the bill of quantities are estimated and the owner is
entitled to increase or decrease these quantities by 25% with the same contract
prices, and the quantities that exceed this percentage, their new prices shall be

agreed upon.
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1- Project Implementation Management

Success of any project is measured by its completion on time according to contract

documents, technical conditions, specifications and shop drawings.

The access key to project success is the provision of continuous communication and

explanation means between the parties working in the project through a relation

between project owner, consultant and contractor that helps execution of the works

according to the time schedules specified for completion of this project.

Volume of labor required to complete the project depends on volume and condition

of each project. Fig (3-1) illustrates organizational structure of project management.

For good coordination between the three parties, the following system shall be

followed:

A.

Project owner shall contract with the contractor entrusted to execute the

contract according to the applicable rules and laws.

Project owner shall form execution unit for technical revision of all execution
steps and know the obstacles and problems and provide their technical,

financial, administrative and legal solution.

The execution unit shall coordinate with the project consultant who performed
studies and design works and preparation of contract documents for supervision

of execution.

Chairman will be appointed for the execution unit (project manager) to
coordinate between the staff inside the unit and put work rules for the relation

between the execution unit and the consultant.

Project consultant shall coordinate between owner, contractor and consultant
works. Fig (3-2) shows project execution unit and specifies its responsibilities as

follows:
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Project Manager

Consultant

Fig (3-1): Organizational Structure of Project Management
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Execution Unit

Project Manager

Financial and Administrative Affairs Technical Affairs

Fig (3-2): Project Execution Unit
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1-1 Project Manager

A
B.

Competent and can act to manage the project.

Responsible about supervision of execution all works and activities and has the
authority to control, familiarize and coordinate between different technical,

financial, administrative and legal activities.

Select the ideal method to execute the works and take into consideration the
economic aspects, time and effort to achieve the objective towards completion of
the project on a timely manner and take the measures needed to correct the
course of implementation to complete the project successfully on time within the

limits of the available funding.

Project manager shall select the technical manager and financial and
administrative affairs manager and authorize them to form and approve the

assisting staff for both of them.

Approve issuance of consultant dues under the contract.

1-2 Technical Affairs

1-2-1 Design Engineers

Revision works of the drawings submitted from the consultant office shall be

conducted by specialized engineers for conformity of the hydraulic, architectural,

civil, mechanical and electrical drawings and ensure availability of sufficient number

of shop drawing copies.

1-2-2 Execution Engineers

A.

Execution works will be conducted by specialized engineers in different

specializations to follow up execution stages.
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B. Prepare periodic reports about work progress, revise and sign daily follow up
records by the consultant and the contractor and list any technical remarks or

problems that may hinder progress of execution.

C. Revise and compare the periodic payments according to the actually executed
quantities with the shop drawings and the records submitted from the

contractor and approved from the consultant.

1-3 Administrative Affairs
1-3-1 Financial and Administrative Manager

A. Specialized accountant shall be appointed to perform this work in terms of
financial and administrative aspects of the project and shall provide assistance

and advice to the project in his scope of work.

B. Shall follow up project financial and administrative works; submit periodic
reports to the project manager and proposals on how to solve the financial and

administrative problems that object progress of work.

C. Shall select financial and stores audit staff.

1-3-2 Financial Audit
Specialized accountants shall be appointed to perform the following works:

A. Review the payments from an accounting point of view and conformity of the

rates with the contracts.

B. Follow-up the financial position of the project up to date and maintain records

that indicate the amounts available, what has been disbursed and the remaining.

C. Compare expenditure with the execution timetable.
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1-3-3 Stores Accounting

Specialized accountants shall be appointed to perform the following works:

A
B.
C.

Maintain regular records show all the supplies, their dates of supply and value.
Review the supplied equipments according to the contract on the packing lists.

Maintain regular records about the adjustments of each documentary credit.

1-4 The Consultant

Responsibilities of the consultant are determined in the following:

A
B.

C.

Prepare typical report forms, methods and procedures of work progress.

Prepare rules to control how to sound managing of the project within its actual
budget.

Select high efficient technical supervision team in different specializations.

Fig (3-3) shows organizational structure of the consultant.

1-4-1 Technical Supervision

A.

Follow up the daily works being carried out by the contractor and take the

necessary samples for test.

Follow up the execution situation and its conformity with the approved

execution schedule.
Review and approve works counting books submitted from the contractor

Review the submitted payments from the contractor and approve them for

issuance.

Study any additional works or amendments required for implementation of the
works to take the full advantage of the project and to be presented to the project

manager for approval.
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Accounting Unit Quality Control Technical Supervision

Fig (3-3): Consultant Organizational Structure
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F.

Study any claims submitted from the contractor whether they are financial or
regarding any amendments in execution period of the project after the
contractor has fulfilled all the documents necessary to prove his rights in these

claims and present the result to the project manger.

Participate in preliminary and final handover works and prepare list of remarks

that does not prevent the preliminary handover.

1-4-2 Quality Control:

A.

Ensure fitness of equipments and supplies materials supplied to the site, revise
test certificates and perform the necessary tests on random samples of materials
and equipments to ensure their conformity to the specifications stipulated in the

contract.

Supervise preparation experimental concrete mixes, follow up their treatment
and test to determine their breaking strength according to the value specified by

the designer and stipulated in contract documents.

Perform supervision and periodic follow up works on pouring and treatment of

the executed concrete constructions.

Ensure calibration of the devices used in test and measurement works.

1-4-3 Accounting Unit

[t performs the following:

A
B.

C.

Revise the payments submitted from the contractor.
Follow up project financial situation.

Revise expenditures and revenues of the consultation office.
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1-5 The Contractor

Responsible about execution of all works until completion of the project successfully

and shall have efficient stuff in different specialization areas as follows:

Fig (3-4) shows organizational structure of the contractor.

1-6 Resident Engineer

He is responsible about the following:

A
B.

Management of the project.
Coordinate between his assisting staffs and specify their duties.

Revise the executed works through time schedules, revise and approve the

payments prepared by executing engineer.
Revise the financial situation and stores stock.

Approve workers allowance on the light of the achieved works.

1-6-1 Technical Office

The technical office has the main role in preparation of all technical, design,

planning, follow up, requirements and performance rates data for execution and full

completion of the project according to the approved schedule. Role of the technical

office is summarized in the following:
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1-6-1-1 Technical audit: It is responsible about the following:

A. Revise conditions, specifications and provisions dossiers.
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B. Prepare and count all work items required to be executed in the project.
C. Revise bid documents, prepare and release tenders to subcontractors.

D. Prepare and revise the payments according to the actually executed quantities
and compare them with the shop drawings and collection records before

submission to project consultant.
E. Follow up execution of the project according to the time schedules.
F. Prepare closing payments and preliminary handover reports of the project.

G. Revise hydraulic drawings with the mechanical and electrical drawings and their
conformity with the architectural and construction drawings with provision of

copies of the shop drawings.

H. Revise soil research report and ensure that locations of the executed borings are
in conformity with what shown in the drawings and shall perform soil

researches, if required, at his expensive.

[. Prepare copies of as built drawings according to what actually executed for

approval from the consultant.

1-6-1-2 Planning, control, requirements and performance rates
[t is responsible about the following:

1. Prepare the planning budget and identify the obstacles and problems, if any, to

be solved in timely manner.

2. Prepare different time schedules, use systems, such as personal computer, to

facilitate revising all the information required to execute different stages of the
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project, provide the necessary requirements as well as communication and
continuous cooperation between the concerned parties to complete the project

on time.

3. Determine the resources necessary for the project, provide the materials and
equipments according to the specifications with the necessary quantities on
suitable times to execute the project in accordance with the specified time

schedule.

4. Follow up execution of the project, action plan and all execution steps through
the time schedules and performance rates and amend their course in case of any

delay in execution of the project.

5. Follow up collection of financial claims.

1-6-1-3 Quality Control

Perform inspection and test works on the materials and revise manufacturing works

to ensure that they are in conformity with contract documents.

1-6-2 Technical Staff
1-6-2-1 Execution Engineers

Execution engineers, with the required engineering specializations, shall perform

accurate technical direction and revise the quality according to contract documents.
Duties of execution engineer are summarized in the following:

A. Takeover, plan, determine axes and directions of the site.

B. Prepare the necessary detailed sketches that help in execution of the project.
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Demand the equipments, materials, labor and supplies on suitable times

according to time schedules.
Direct technical supervisors and distribute labor according to work needs.
Execute all the works according to time schedules.

Prepare daily reports on work progress and the obstacles that face the execution

and methods of their solution.
Periodic count of the executed works and payments.

Give directions for better use of the materials, equipments and instruments and

their storage on the site.
Stores supervision.

Prepare as built drawings.

1-6-2-2 Technical Supervisors

Duties of the technical supervisors are summarized in the following:

A
B.

C
D.
E

Implement instructions of execution engineers

Control and direct technical labor.

Report the obstacles immediately.

Receive materials and equipments from the stores and settle the custody.

Maintain the equipments and execution tools and their proper use.

1-6-2-3 Technical Labor
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Technical labor shall carry out the works accurately according to the instructions

issued from the execution engineers and supervisors.

1-6-2-4 Maintenance and Mechanical Equipments

Duties of maintenance and mechanical equipments unit are summarized in the

following:
A. Prepare, maintain and operate the equipments.
B. Perform periodic maintenance works for mechanical equipments.

C. Train the workers on maintenance and operation works.

1-6-2-5 Stores
[t performs the following duties:

A. Keep store records that show all the supplies, their dates of supply and values

and the issued quantities.

B. Receive and store all the materials and equipments supplied to the project
according to technical principals after completion of inspection and addition

procedures.
C. Receive the materials and equipments necessary for the works.
D. Prepare item cards, their quantities and put them in clear places on the site.

E. Demands provision the stores with items that their stock reach to the critical

limit.

1-6-3 Financial and Administrative Affairs Unit
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[t consists from the following:

1-6-3-1 Administrative Affairs

[t consists from personnel affairs and auxiliary services.

1-6-3-1-1 Personnel Affairs

It has the following duties:

A.

B
C.
D

t

T o m

e

Provide the necessary labor required for the work.

. Prepare and follow up workers pay roll

Prepare production allowance lists according to work progress.

. Prepare and equip the offices and rest rooms necessary for service of all workers

in the project.

Prepare monthly and annual lists on technical and administrative competency of

the workers.

Follow up attendance of workers

Follow up attendance of workers

Determine and follow up leaves according to instructions.
Prepare decisions on transfer and service termination of workers.
Perform Social insurance procedures

Issue work permits and complete security procedures, if necessary.

1-6-3-1-2 Auxiliary Services

It includes social and health services.

A- Social Services
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It has the following duties:

- Supervise workers welfare fund, where all the workers of the project participate

and get benefit from it in the cases that require this.

- Organize recreational, cultural, tourism and religious excursions and field visits

to similar work sites.

- Organize different sport activities.

B- Health Services
It has the following duties:
- Prepare health unit for first aids and treatment of injuries and quick cases.

- Transfer injured people with serious cases to the specialized hospitals.

1-6-3-2 Financial Affairs

[t consists from the following:

1-6-3-2-1 Financial Accounts

It has the following role:

A- Revise the payments and follow up letters of credit.

B- Perform follow up works and collection from the employer.

C- Prepare record for accounts of suppliers, revenues and expenses

D- Prepare the budget and determine work results.
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E- Supervise the purchases.

1-6-3-2-2 Procurements and Stores Accounting
Role of procurements department is summarized in the following duties:

A- Purchase the materials and equipments, ensure their supply to the site on the

suitable time and keep regular records in this regard.
B- Report any shortage of supply of the materials and equipments.
C- Calculate delay fines imposed on the suppliers.
Role of stores accounting is summarized in the following duties:
A- Revise the supplies, their prices and quantities according to the contract.

B- Revise notes payable submitted from any department with the approved forms

and send them for auditing.

C- Keep arecord of stores accounts for comparison with the inventory record.

1-6-3-2-3 Auditing
[ts role is summarized in the following:

A- Revise the payments with the count records and conform the rates to the

contracts.

B- Revise project financial claims.

1-6-4 Security

[t consists from administrative security and industrial security.

1-6-4-1 Administrative Security
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Role of the administrative security is to monitor work sites, gates and guard works,
including entrance and exit of personnel and equipments, prepare security
arrangements to ensure proper and smooth progress of work and revise work

permits.

1-6-4-2 Industrial Security
Role of industrial security is to secure the project as follows:
A- Fire resistance, provision and maintenance of the necessary equipments.

B- Secure workers during the work against injuries and work risks.

2- Site planning and preparation:
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Introduction:

The best way to reach the desired goal starts from good planning and analysis of

project components to the executive steps prior to the implementation process

which create the site to work, including handover of the site, survey the site,

preparation, coordination and overall planning and layout of the site including

temporary buildings that must be completed before starting implementation of the

works so that the project contractor can do the main works easily.

These works are divided into three stages:

A.

Determination and handover the site, survey works and preparation of the

studies.
Planning, coordination and preparation for the layout.

Temporary buildings works.

2-1 Determination and handover the site, survey works and preparation of the studies

2-1-1 Determination and handover the site

Takeover the allocated area of the site from a committee consists of the owner,
the consultant, the contractor, representative of the beneficiary body of the
project and representative from survey department in the governorate by

putting iron fence around the site by representative of survey department.

Determine the obstacles that hinder execution of the works whether over or

under the ground.

Determine takeover situation of the site “one stage” or “several stages” and date

of takeover of each stage.

Determine water and electricity supplies around the site, if any.

2-1-2 Survey works and preparation of the studies

Current condition of the site is photographed before start implementation.
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Takeover the bench marks under takeover record signed from owner
representative, the consultant and contractor representative after accurate
revision of the levels, directions and site dimensions and compare them with the

layout drawing to ensure from the correct dimensions.

Construction of concrete blocks around the bench marks taking into

consideration to be away from the excavation area to be hard to removed.

Perform studies on quarry and workers near from the project to determine the

best elements that can be used at least cost.

The site is divided into net of squares to perform initial network level by
preparing sectors of this level to determine excavation cubes, backfilling and
leveling.

Perform the main axes of the site away from the temporary buildings and
internal roads of the site.

Prepare a drawing includes all the obstacles on the site.

Removal of all obstacles on the site that hinder the implementation process, such

as wastes, trees, old buildings, etc.

Perform the necessary leveling for the site, including excavation and backfilling
according to site conditions taking into consideration the proposed
implementation methods, project execution level, weather conditions, rain flow
directions, etc.

Perform coordination records with the different bodies before start

implementation and the necessary diversions, if required.

Perform additional soil borings, if necessary according to contract terms.

Perform geological study to determine the faults and storm water drains.
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- Fencing the site and construct a gate for entry and exit of equipments, as well as

the Security Office.
- Supply the site with water, electricity, sanitary drainage, communication, etc.
- Perform network level again after leveling and reaching to the design level.

- Study situation of the adjacent buildings and their effect on excavation processes
to avoid any cracks and submit report in this regard to the owner to take the

necessary actions.
- Issuance of the necessary permits and licenses.

- Select the best places to put project sign in coordination with owner

representative and the consultant.

2-2 Planning, coordination and preparation of the layout

Success of any project is measured by allocation of sufficient time for planning and

applies implementation methodology as follows:
2-2-1 Studies required for proper planning of the site

The following studies are prepared by project consultant and must be used before

start implementation:-

- Site, contract terms, project shop drawings, proposed construction methods and

plan for the required services.

- Specifications and details of the drawings of the required equipments.
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- Time and technical schedules for the equipments, materials, labor, etc. to
determine supply periods for project needs in order to decrease the areas used
in the stores, losses and motionless items and implement the works on the

specified dates.

- Construct concrete mixing station on the site according to implementation

conditions.

- Details and requirements of the temporary buildings “Offices, accommodation,

stores, workshops, etc”.

- The proposed alternatives in case that site area can not accommodate the

temporary buildings, such as rent another lands or administrative units, etc.

- Requirements of industrial security and administrative security in site planning.

2-2-2 Elements to consider when studying perform proper planning for the site

- Effect of wind direction on determination places for welding workshop, storage

areas, office building, residential units, etc.

- Effect of rainfall direction, inclination of site land and methods of storage on the

ground.
- Motion flow inside employee offices, stores, workshops, etc.

- Determine suitable places for car parking and allocate reception office for

visitors.

- Planning of temporary internal roads to facilitate motion of equipments,

individuals, raw materials, etc.

Temporary roads network on the site must be on the same route of the main roads

network of the project and not intersect with project constructions.
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Take measures to protect the adjacent constructions, such as using dewatering

methods and digging piles, poles, etc.

Provision of places and utilities lines on the site (water, electricity, sanitary,

telephones, etc).
Perform study to analyze well water on the site.

Determine places for materials storage, including mixing stations and workshops
to decrease losses and transport costs. Storage areas must be in places that do
not hinder the work and communication inside the site and to avoid storage on
excavation areas and reduce as much as possible relocation of stores throughout

the project implementation period.

Raw materials entry cycle for “check, classification and storage” and exit for

implementation.

Study size, motion and height of heavy and fixed equipments inside the site

during construction process.
Provide lighting, guarding, warning signs, banners, etc.

Equip a laboratory for materials and concrete researches inside the site and fuel

station for equipments according to the importance of the project.

Provide signboards identifying locations of the project “administration offices,
rest rooms, visitor’s office, toilettes, unbalance unit, mosque, stores, workshops,

working areas, etc”.
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2-3 Temporary buildings

2-3-1 Factors affecting construction of the temporary buildings
- Contract terms.

- Wideness of the layout.

- Type of the project.

- Implementation period and time schedule stages.

- Method of construction and type of the used equipments.

- Location of the project “remote or civilian area”.
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Fig (3-5): Site Planning and Preparation
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3- Implementation of civil and architectural works

Introduction

Pumping station sumps are divided into circular, rectangular or square pumps
which are a concrete construction implemented under the ground with dimensions
specified in the shop drawings to accommodate the inflows from the city, village or
district. Over this construction is constructed motors house. The purpose of the
sump is temporary storage of the liquate wastes incoming to the sump for short

time. Fig  (3-6) illustrates vertical section in circular sump.

Shape of the pumping stations differs according to the used pumping units. Most of
the pumps used in the pumping stations are centrifugal pumps and are divided to

the following:
- Vertical centrifugal pump.
- Horizontal centrifugal pump.

- Submersible pump.

3-1 Methods of sumps implementation
- Caisson sinking boring method.

- Wash boring method.

- Compressed air boring method.

- Open hole boring with shoring method.
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3-1-1 Methods of sump implementation
3-1-1-1 Caisson sinking boring method

A. Open boring works are carried out in the normal ground (not rocky ground)
according to borings report with diameter equal to the outer diameter of the
sump added to it one meter before reaching Infiltration water level by 25-50 cm

and the bottom of the boring is completely paved.

B. A framework of wrought Iron (with diameter equal to the external diameter of
the sump) is constructed on the bottom of the boring in the form of circular
structure from steel manufactured in the shape of triangles with internal
diameter equal to the internal diameter of the sump and thickness of the
structure base is equal to sump wall taking into consideration top of the triangle
is pointed and sharp and put anchored on the boring bottom for ease of sinking.
The framework must be assembled be welding and not riveting. Fig (3-7)

illustrates details of the framework.

C. Rebar are installed inside the framework and fixed according to the shop
drawings and then the reinforced concrete is poured inside the circular

structure.

D. Wood framework is prepared inside the frame for the full height of the sump,
while the external carpentry are prepared in the shape of pallets then the
concrete is poured in layers such that height of each layer does not exceed 2 m.
In case of wood forms, external pullers must be used and not internal pullers
that pass inside the concrete. If necessary, the pullers that pass through the
concrete can be used but must be treated according to workmanship (See code

of concrete).
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In case of iron forms, the rebar is prepared for sump walls and the forms are put on

structure base such that height of the forms does not exceed 4m.

E. Reinforced concrete is poured in layers to the end of the wall. Iron splices at
reinforced floor level must be the same as the splices of the iron in the upper and
lower grids and to put water stops while pouring the walls. Also, pouring of the
external and internal walls of the sumps must be stopped at level beneath the

roof by 1-2m to enable tie the external roof by the sump structure.

F. Openings of the buried services (inlet and outlet pipes, ventilation pipes, cables,
etc.) must be left uncovered while pouring the concrete structure according to

the dimensions and the levels shown in the shop drawings.

G. After removing wood formworks or iron forms, the sump must be externally
insulted either by bitumen or by the insulating materials as recommended in the

submitted drawings and soil report.

H. Determine the part that required to be sunk by making external gradation on the

sump structure.

When approaching from the designed sinking level, a daily level is made on the

sump structure by the post scale.

To ensure vertical sinking, four vertical levels are made at the sides of the sump
structure (a string with weight). Any other suitable method can be used to

achieve this purpose.

In case of inclination of the sump at any side, the boring will be deeper at the

opposite side to balance the sump.
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Seven days must be left from date of pouring last layer until setting of the

concrete before start sinking process.

Prepare the equipments necessary for sinking of the sump manually or

mechanically.

. Start boring works inside the sump using hoe crane from ground water level
(boring cubes by sinking are calculated from this level) with extraction of soil
from inside the sump as you-go taking into account to perform boring works

fully and regularly in the sump.

. Concrete body of the sump shall not be executed except after make sure that the
sump shall be sunk easily without obstacles (stone, rock land, etc) so as sump
body does not stuck in this kind of soil. In case of existence of rock or stone land,
it will be removed by the appropriate technical methods, then the boring sector
is fully filled by clean sand to a height from 25-50 cm over groundwater level

and then the sump is executed by the same previous steps.

. Groundwater must not be sucked from the inside of the sump to maintain safety
of the adjacent constructions and vertical inserting of the sump during sinking

period.

. In case of not fall of the sump while sinking, a grid of iron beams is made around
the sump at the upper part of sump walls, then additional loads are put to
increase the weight taking into account to leave a hole sufficiently wide for
descent of the divers and hoe crane and not to remove the additional loads
except after full pouring of the reinforced floor and partition and hardening of

the concrete for a period not less than 14 days.

If the boring exceeds the design level for any reason, the sump will not be sunk
(where the place of entry of inlet and outlet pipes for both drainage and gravity
lines are specified by levels) and then the plain concrete is poured while the

sump is suspended to fill this excess boring with the plain concrete.
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Iron bars are put in the duct around sump body arranged in the shape of floor

and cover iron grid by trained drivers.

. Pouring pipes are prepared from galvanized iron of diameter 2” and their lower
ends are flattened and perforated with the same height of the stone layer taking
into account that to keep the pipes in a vertical position distant at 2m start at the
beginning of the stone layer and end at a point over the infiltration water level

by about one meter.

Pouring pipes are fixed from the lower part by deco fell iron and from the upper
part by a grid (from iron beams and wood runners) around the sump to keep the

pipes in a vertical position during injection process.

Stone layer (from basalt, red mountain, Abo Zabal or any other stone not less in
rigidity) are put at the bottom of the sump in the existence the groundwater up
to the level of the plain concrete core of the floor then leveled by the divers
taking into account that the diameter of the stone layer does not exceed 100 mm

and well compacted before putting the deco feel iron.

. Plain concrete is poured under the water with the required thickness up to level
of reinforced concrete floor core level by vertical gutters in the shape of pipes
start at the plain concrete floor level and end at ground level to avoid mix of the
concrete with water and dissolution of the cement in the mixture, or to use the
concrete pump by connecting its hose directly to the plain concrete floor level,
then the plain concrete level is leveled in all corners of the sump by divers taking
into account to pour floor concrete continuously without stop whatever the

surrounding conditions.
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. After complete setting of plain concrete for the floor for a period not less than
fourteen days from pouring the concrete, injection process starts by cleaning
pouring pipes at first by clean water, then the stone layer is injected by mortar
cement using sulfate proof cement with ratio 1:1 (cement: sand) under pressure
6 m over infiltration water level or using injection device (consists of sealed
metal container with lid can be opened and closed, compressed air inlet pipe and
injection materials outlet provided with valve and high pressure hose connected

to injection pipes) (Fig 3-8).

Each pipe is injected individually to avoid rejection of any new injection. This
indicates injection completion in this area then the pipe is closed by a wooden
plug or isolating valve installed on the pipe to prevent return of the injection
material from coming out, then transferred to the next pipe and so on without
stop until completion of the injection process in stone layer, noting that the first
pipe must accommodate large quantity of the injection materials compared with
the rest of the injection pipes so that some areas do not accept injection, which

indicates that the adjacent pipes have injected this area.

After not less than 28 days and completion hardening of the plain concrete, the
seized water inside the sump is sucked until the floor appears without leakage of

water or damage of the plain concrete.

. After treating of any leakage in the floor and non-appearance of any leakage, the

pouring pipes used in the injection are cut to the end level of the plain concrete.

The walls are coarsen at the part confined by the thickness of the reinforced slab,
then splices of the reinforced rebar are put inside the slab, then reinforcing of
the slab is completed taking into account to put splices for the screens bases and

then the concrete is poured on the reinforced floor.
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Fig (3-8): Injection Container
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W.

Splices of the partition separating between the wet part and the dry part are
extended inside the sump, reinforcing and pouring of the concrete of the

partition is completed as well as the required works.

It is preferred to use infiltration proof materials to improve concrete infiltration
resistance with the necessity to use sulfate proof cement and to care with every
step during construction of the sump, including mixing and mechanical
compaction according to the agreed materials and the mixtures as in the design

and cleaning just before pouring.

Wood formworks or forms must be, in all aspects, suitable for the type of
construction and the type of the final surface required for the concrete and must
be sealed to prevent leakage of the mortar cement from the concrete during
pouring and compaction stages. Concrete cover over or under the reinforced
rebar must be maintained as well as the concrete thickness sections according to

the drawings.

3-1-1-2 Wash boring method

The same steps above are used in this method with the only difference in the

method of sinking, which is executed by using wash pump according to the

following:

A-

Wash pump is lifted by the crane and put down inside the sump taking into
account to be put with constant rate in all places in the sump to ensure regular

slump of the sump.

Long hose is installed at the outlet of the pump to pour in a tank prepared for
this purpose away from the sump, where the water laden dust is poured in this
tank and the dust sediments in the tank. Floated water is sucked from this tank

and poured again inside the sump.
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C- Level of water inside the sump must be the same as the infiltration water level.
This level must not sharply decrease due to suction of the water laden dust,

where the wash pump will not work except if it is submersed in the water.

D- It must avoid severe suction of water during operation in order not to make
fountains at the floor of sump and cause disturbance in the level of the
foundation due to pressure increase of the groundwater from outside more than

the infiltration water pressure from inside.

3-1-1-3 Compressed air boring method

A- As the sumps coming down to great depths under ground and the existence of
infiltration water that hinders dry execution of the sumps and to overcome the
infiltration water, it must exist source of compressed air inside the sump to
equate the existing water column (i.e. if there is water column, it must exist
equal air column equal in magnitude and opposite in direction) for the workers
to be able to complete boring works in dry ground without obstacle and

existence of infiltration water during implementation.

B- Open boring works are executed with diameter equal to the external diameter of
the sump added to it one meter before infiltration water level by 25cm then
boring bottom is leveled.

C- Formwork is constructed with diameter equal to the external diameter of the
sump on the boring bottom with the same above specifications mentioned in
caisson sinking boring method and then the rebar is put and the reinforced

concrete is poured inside it.

D- Internal and external wood form is made for the walls up to the lower level of

the roof and then the rebar is put and reinforced concrete is poured.
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Walls formwork is removed then backfilling up to under roof level by 5 cm.

Plain concrete (cleaning) of thickness 5 cm is poured before putting floor rebar
taking into account to leave openings in the reinforced floor (lower roof) to put
two circular pieces called (lost piece) and two air inlet pipes from air
compression station to equate water column in addition to putting vertically
group of different pipes of diameter 2” for injection process such that the spacing
between each one about 6m as shown in fig (3-9), Fig (3-10) and Fig (3-11).

Carpentry and blacksmithing works are completed and pouring of sump body as
well as the upper roof and to leave the same opening places that are executed in

the reinforced floor (lower roof) in the sump.

After removing walls and roof formworks, boring works are executed without

using compressed air up to infiltration water level.

After that, boring works are executed using the compressed air. There are two
methods for boring works, either manually by workers or by entering
disassembled bulldozer equipment inside operation chamber then is assembled
at the lower part of the sump and then operated electrically to protect the
workers from being affected from the exhaust of the bulldozer. This equipment
will remove and disturb the soil to facilitate the process for the workers. The
cylindrical bucket (diameter about 0.50 m and length 1.0 m) is filled with dry
soil then lift by the electrical crane up to upper the vertical pipe noting that to
tight close the door between the vertical pipe and soil exit chamber in order to
keep the atmospheric pressure. Then, the door is opened to allow soil to exit.

The same method is repeated again.
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Fig (3-9): lllustrated diagram for pressure and caisson chamber

260



Fig (3-10): Plan view for sump floor illustrating the openings
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J- Batteries are used in the operating equipments. Equipments operated with

diesel are not used because they produce exhaust very harm to the workers.

K- After the sump reaches to the final level of construction, plain concrete is poured
inside the operation chamber, consists of sulfate resistant cement with the
addition of a catalyst material to resist water infiltration and cement ratio of 400

kg/m3 executed by the same method for soil exist but reversed.

L- After setting of the plain concrete by a period not less than 14 days, injection
process is started with the same method used in caisson sinking boring method
Fig (3-12).

3-1-2 Open hole boring with shoring method

This method is used with square and rectangular sumps with shoring and
dewatering of the groundwater with the technical methods. Boring works are
executed manually by the workers or by using diggers in dry soil. The following

different methods are used in shoring:
- Sheet piles.

- Combined sheeting.

- Contact sheeting

- Diaphragm Wall

- Piles Wall.
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Fig (3-12): Injection process in the sump executed by open hole
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3-1-2-1 Sheet Piles

They are from the main solutions of shoring for any depth of the sumps with
large dimensions. Back anchors are used with the sheet piles, combined sheeting,
contact sheeting, diaphragm wall and piles wall. The following is a simple idea
helps the executer to better select the equipment suitable for digging the piles.

Vibrators are used to dig the piles in sand, silt or pebble layers in the presence of
water. Water can be injected below the piles under water pressure during
digging process if the infiltration water level is far. For the other types of soils,
such as silt soil or combined soil, vibrators can also be used in the presence of
water, where it helps to decrease the friction between the soil and piles body.
Piles can be removed by the same equipment. The vibrator is operated
electrically. This equipment must be carefully selected, where the strength of the

vibrator causes vibration and risk for the adjacent buildings (Fig 3-13).

Diesel hammers are used to dig the piles. These hammers are available in
different sizes and different dig powers according to piles sector, soil type and
dig depth, taking into account to select hammer with power commensurate with

piles sector to maintain head of the piles and prevent it from twisting.

Diesel or air hammers are provided with a cap installed under the hammer to
secure piles sector from the continuous digging and distribute digging power
over the entire piles sector. There are other types of hammers, such as air

hammers and steam hammers.
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Fig (3-13): Installation of the piles by the vibrator
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Sheet piles execution method
Sump dimensions and sheet piles axis are determined.

Metal structure is manufactured of length 4m, height 3m and width 2m, and is
vertically adjusted by water bubble scale to put the sheet piles inside it, to
ensure accurate vertical position during digging process. The metal structure can
be replaced by any equipment such as digger or crane with vertical guide for

digging process (Fig 3-14).

The first pile is dug until reaches to the metal structure then the next pile is dug

and so on until the piles group is dug on the metal structure.

Then, the metal structure is removed and digging works are completed again. If
the digging process is difficult, air is injected below the piles to decrease friction
resistance of piles body while digging. This method is used only in the sand layer
in the presence of water. In case of clay cohesive layers, water is injected under
very high pressure, noting that to stop water injection before the piles reach to
the final level by one meter in order to avoid disturbance of the soil at the
foundation level (fig 3-15).

After completion of the sheet piles, boring works are performed for the entire
surface of the sump until reaching to the first row of the rear anchors then

boring works are stopped.

Holes of the sheeting are made by a drilling machine with the required diameter,

length and inclination according to shop drawings.

The sheeting consists of three parts, bond length, free length and anchor head,
which is the part tying the anchor with the wall (Fig 3-16).
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Fig (3-14): Installation of the piles using vertical guide installed on the digger
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After making the holes, the metal tube with corrugated wall is inserted inside in
the hole to its end. Cables group is inserted with the tube in one strand
distributed on circular rings. Also, the injection tube is inserted in the middle of

the metal pipe.

After putting the cables and tubes, mortar cement is injected under high
pressure to ensure filling the tube and the boring sector completely with

injection materials.

Sheeting is left for a period until the mortar is hardened, then anchor heat is put
on the wall and then the cables is pulled by hydraulic pulling machine until
reaching to the required tension (Fig 3-17).

After reaching to the required tension, conical shape metal cotters are put at
each tensioned cables strand, and then the hydraulic pulling machine is topped.
The cables try to return to their original position due to the high tension force,
but the metal cotter prevents the cables from returning to their original position

before tension, also the metal circular ring resists the motion of the cotters

group.

3-1-2-2 Combined Sheeting
Method of Execution

Sump dimensions are determined then the axis of boring sides and sheeting

thickness is calculated.

Beams are dug vertically and horizontally around boundaries of sump axis. The
distance between the beams is determined according to the design. It is usually
1.5 m and then boring works are started to a depth commensurate with the
nature of the soil (Fig 3-18).

The short sheets (4” X 4” or 5” X 5”) are put at the distance between the axes of

the vertical beams.
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Fig (3-17): Anchor Head
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Rear sheeting in executed by the same method in sheet piles method (Fig 3-19).

3-1-2-3 Contact Sheeting

Axis of each side of boring is determined for the sump and thickness of wood

sheeting is calculated.

Sector I beams are dug on each axis and the distance between the beams is

determined according to the design and it is usually between (1.5-2.0) m.
After digging all the beams, boring works are started.

Sections of pine wood (3” X 10” and 3” X 11”) are put and tied with clips fixed on
the vertical beams as shown in Fig (3-20), Fig (3-21) and Fig (3-22).

When reaching to the first raw of the horizontal beams, the horizontal beams are
put and tied with chain to keep their level unchanged and then fixed by
compaction or by rear sheeting as mentioned above in sheet piles taking into

account the following points:-

All elements of the sheeting are designed to determine its sector and the

distances between them.
Plats links must be staggered and not being tied by the clips with great strength.

In case of existence of gaps between the wooden sheets and boring sides, these

gaps are filed with soil.

Boring works are commenced and by increasing the depth, pine wood are put as

mentioned above.

Upon completion of works, sheeting is removed from bottom to top and follow

up of backfilling at each removed part.
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Fig (3-19): Section in the combined sheeting and its compaction
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Fig (3-21): Clip on the Contact Sheeting
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3-1-2-4 Diaphragm Wall:
Pre-cast or site cast in diaphragm walls.
3-1-2-4-1 Pre-cast diaphragm walls:
Sump dimensions are determined and then walls axis.

Reinforced beams are poured at the two sides of the axis which work as guide
for the digger then boring works are started between the two guides and the
distance between them is equal to the thickness of the retaining wall + 5cm

clearance. Boring works continue until the end of the required level.

Mixture of Betonayat is injected to the soil during boring works to avoid collapse

of boring sides.

Diaphragm wall is downed inside the boring after reaching to the required level
and putting rubber tape at the center of the diaphragm wall in the circular gap
along the wall before coming down inside the boring (this tape is tie between the

diaphragm walls and infiltration water resistance( Fig (3-23).
3-1-2-4-2 Site cast in diaphragm walls

It is required walls with certain dimensions to complete the work in case of
execution of a wall with width smaller than the pre cast diaphragm wall or with

greater depth that needs greater section and different reinforcement.

Wall axis is determined and guides are made at the two sides of the axis
(Fig 3-24)

Boring works are started by injecting mixture of Betonayat until reaching to

foundation level.
The iron cage is downed to reinforce the wall inside the boring (Fig 3-25)

Concrete is poured inside a vertical gutter to the depth of the wall (it consists of
tubes connected to each other and ended by conical funnel) such that end of
gutter tubes is higher by 50cm from boring bottom. Pouring starts slowly and
the concrete fills the wall from the bottom until covers end of the gutter tube,
then the gutter is slowly lifted up by the crane while the pouring is continued

taking into account that height of the gutter tube does not exceed depth of the
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last surface of the concrete to avoid mixing of the concrete with any sediments
dusts or Betonayat.
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Fig (3-23):
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Fig (3-25): Pouring of Diaphragm Walls

One of the connections can be removed while pouring then the funnel is reinstalled
on the gutter until the wall is completely filled with the concrete (Fig 3-26).

Excavation is made until reaching to the first row of the rear sheeting with the

same method in sheet piles.

3-1-2-5 Piles Wall

They are vertical adjacent piles to form retaining wall.

3-1-2-5-1 Execution Method

Sump axis is determined then reinforced beams are made at the two sides of the

axis (guide).

First pile is excavated with the injection of mixture of Betonayat in the soil to

maintain boring sides from collapse.

Iron cage is downed for the pile then the concrete is poured using the gutter

until the pile is completed.

Excavation for pile (4) is made then pile (7) and so on until completion of the
work (Fig 3-27).
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Fig (3-27): Plan view of sump from adjacent piles
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The work is repeated for excavation of pile (3) then pile (6) and then pile (9)
and so on until completion of the work and execute the entire boundary of the

sump.

For great depths, rear sheeting is designed to resist soil pressure and thus pile

section decreases (Fig 3-28).

Excavation is executed inside the sump with provision of groundwater
dewatering system. When reaching to foundation level, piles body is cleaned

from the suspended mud using high pressure water hose or sand blast.
Plain concrete is poured for the floor.

Concrete cover is removed form the piles until the thickness of the reinforced

slab and exposure of the rebar.

Rebar splices are welded in the form of corner, i.e. welding one of its branches
with the pile rebar and the other branch inside the slab in order to provide good

cohesion between the slab and the piles.

Rebar will be completed for the entire slab according to the shop drawings then

the slab is poured.

Vertical rebar net is executed on the surface of the piles then wood sheeting is
made for the sump walls on the surface of the piles and then the concrete is

poured up to the end of the sump walls.
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4- Mechanical and Electrical Works
4-1 Pumps

- Before installation of the pumps, must ensure at first, fitness of the pumps after
shipment and transportation to the site and non-existence of breaks or cracks on

the pump body or any defects in any part thereof.

- Must conform the data listed on the data tag of the pump to the data and

specifications stipulated in the contract.

- It is necessary to obtain full information about correct installation of the pump,
including all details of the pipes, corresponding water levels, maximum and
minimum operating conditions from pump manufacturer manual. Pump base
must be implemented according to instructions of the manufacturer and if it is
necessary to make a layer (structure) of steel sections, the measurements must
be adjusted and keep a degree of levelness and take into consideration level of

the concrete base on which the steel structure will be installed.

- Must give great care for alignment of the axes to reduce periodic maintenance
works for the glands, and by using flexible coupling, effects of misalignment can

be avoided.

- In all cases, must follow manufacturer instructions when align the axes to avoid

usage of axes bearings which have rapid corrosion and damage.

- Pump must not be used as a tool for fixing the pipes and care must be taken
when installing pipes and valves system for the pumping station and ensure that
there are no strains transferred to pump nozzles (due to misalignment) which

causes clutching of the pump or breakage of the parts made from castings.
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Position of the pump (mounting level) with respect to the suction water level
must be taking into consideration and existence of separate suction pipes for

each pump in case of multi-pump stations.

If it is necessary to execute common suction line for the pumps, must take into
account that maximum hydraulic inclination of the suction pipes occurs at
maximum operating conditions and not to decrease the pressure in the common
suction pipe at any point less than the value at which the pump is at the standby
position under suction pressure less than the atmospheric pressure and leads to
be escaped through the glands and the pump becomes air locked and unfit for

operation where it needs reset.
Must take into account the allowed percentage of suction pipe reducers.

Suction pipes must be put inside the sump and ensure that their levels are in
accordance with the design, as uncover of the suction nozzle with appropriate
minimum level leads to formation of air bubbles enclosed inside the pump and

causes lose of priming while the pump is running.

Must avoid existence of high suction pressure on the pump whether by changing
its mounting level or using high friction pipes or existence of blockage at the
suction side whether at the suction inlet or existence of gate valve not
completely open and leads to confinement in the pump and cause wearing for
pump metal surface due to formation of steam sinuses inside the liquid and

accumulate on the solid surfaces of the pumps.
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4-2 Electrical Motor

Before installation, must inspect the motors and make sure that they are not

damaged due to improper storage for long periods.
- Motor must be clear of any symptoms of corrosion before installation.

- Resistance of motor windings must be measured by megger device to ensure
that they are not affected by humidity during storage. The resistance must not
less than 1 Mega, and if it is less than this value, the winding must be dried and

re-measured again.

- Ratings of the motor must be checked and compared with the data tag and

supply documents.

- Must make sure that the place of motors installation is safe and is not subject to
fire, risks or corrosion conditions except if the motors are designed to operate in

these conditions.

- Must remove any dust or deposits on motors parts before installation and check
fulcrums, connection points and slip rings to ensure their fitness and not being

subject to corrosion or cracks.

- Must check motors bearings grease (except the sealed types and those designed
to work over life span of the equipments) and ensure their fitness or replace it if

necessary.

- Motors must be mounted on solid and flat base to avoid vibrations. Usually, the
base consists of a bedding from steel sections mounted on reinforced concrete
sill taking into account to be the tying screws carefully commensurate and to
assemble the bedding such that the surface is flat and their axes are aligned
when putting on the concrete sill and sealing of the bedding after leveling and

alignment.
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If the cost of the bedding is high, the motor can be mounted directly on the
concrete base using wedges inserted in the concrete, usually from cast iron with
smooth top and longitudinal reduced hole and cracks on the body to ensure good
cohesion with the concrete. Wedges are tied with motor legs and the motor is
mounted on the concrete base for proper adjustment. Permanent mortar cement
is used for sealing. After final adjustment and leveling, holes are punched in
opposite direction of motor leg inside base wedges and insertion of pins to

facilitate re-installation works of the motor on the base.

Simple adjustment, height adjustment or motor replacement can be achieved by

using shims under motor legs.

Doweling is also used after sealing (alignment) and final adjustment of the motor

in case of using steel bedding.

Large motors with axes mounted on a manufactured base usually have bedding
with lower structure from cast iron to be mounted directly on the reinforced

concrete bases prepared for this purpose.
Motors with flanges or vertical motors are installed usually on lower structure.

Vertical motors are mounted on pre cast skirts especially for driving the pumps

and are considered motor stool.
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4-2-1 Alignment

- Fine adjustment is the main requirement to avoid faults of bearings and
couplings. Alignment is performed between the motor and the pump before

tying the joints.

- Faces of the joints must be in parallel and to take into account any spacing

between the faces recommended in manufacturer instructions.

- Alignment is finally performed for the joints and revised using pointer meter.

- Double bearing motors are connected with the pump by flexible joint to decrease

transfer of shock loading to bearing.

- Single bearing motors are connected with the pump by using solidly bolted joint
and not flexible joint because these motors are not designed to withstand

downward thrust resulted from rotor weight.

- Mechanical mounting of the motor is completed when the two halves of the joint
are connected. It is required more inspection before supply the electrical current
and to make sure that the motor cooling air is flowing without obstacles whether
from the air inlets or exhaust outlets, as the insufficient space between air inlets

and the adjacent walls leads to temperature increase.

- Must ensure that all covers are removed and any gates must be kept open during

motor operation.
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All auxiliary equipments must be checked and properly fixed, such as air
compressors, rpm meter, external coolers, filters, bearing vibrations or

temperature probes and bearing oil circulation equipments.
Must test cross section areas of motors power and control cables and conductors
according to the design and to check and compare the operating voltage with the

design.

Must check cable terminals to ensure that they are properly connected for good

conduction of electricity.

Must connect earth screws carefully with the motors according to instruction of

the competent bodies, applicable regulations and manufacturer proposals.

Must adhere with safety rules, fire and explosion risks prevention.

4-2-2 Start Motion:

After installation of motors and proper connection of their cables, addition check
is performed to insure that the bearing is good greased, efficient operation of the
cooling system, air inlet and outlet without any obstacles and the electrical
current is connected to all ventilation fans with separate drive to ensure they are

rotating in the correct direction.
Must ensure that motor cooling fan is rotating in the correct direction according

to the specification illustrated in the connection circuit with respect to motor

rotation as indicated in motor data tag or on motor body.

292



After initial check of the motor after installation, operation and loading of the
motor, the necessary inspection must be performed to ensure from vibration

rate, monitor and control reading of speed and measuring meter.

4-3 Motor Control Center (MCC)

Before start installation works, must revise manufacturer drawings and compare

them with contract drawings.

Must inspect location of installation of MCC and its relation to cable trenches and

paths.

Must carefully plan for future cables installation before installation of MCC.

If MCC is of floor mounted type, must provide with flat base.

Must take into account total height of MCC and compare it with building height

and upper cable trays.

Must take into account ventilation of MCC in order that MCC is working in low

temperature and decrease vapor condensation inside it.

For performing preventive and periodic maintenance and to facilitate
troubleshooting, must take into account easy access to MCC when putting the

equipments.

MCC must be installed in places with low vibrations and to be fixed vertically and
firmly in order not to affect MCC components. Screws, nuts and terminals must
by firmly tied before operation of MCC. Before connection of the motor with the
control panel and starter motion, must ensure their capacity according to data

tag for each of them.
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Cable terminals (power and control) connected and going out from the MCC
must be marked according to the numbers indicated in the detailed drawing of
MCC to facilitate and ensure correct connection.

Cable paths must be kept away from any hot parts or bodies such as heater grids
and resistance block, and if it is difficult to avoid this, must use heat resistant

cables.

Must be cared not to scratch the cables by sharp tools such as iron tools, screws,

etc.

When laying the cables, must adhere with the specified number according to

design drawings to prevent over heat that affects cables efficiency.

Must put marking, warning and safety tags and different covers after installation.
Must earth all parts of MCC.

Before connection of the electrical current, must take the necessary steps:
Perform insulation resistance test for all terminals and distribution bars and to
isolate or disconnect measuring and control devices before apply the high

tension.

Operate all the magnetic devices manually to ensure that all the moving parts are

working freely.

Revise electrical connection terminals to ensure correct and safe operation.
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Disconnect the temporary connections that required for transport of the boards

(or any fittings) for the bridge connected on current transformers.

Revise ratings of the relays on the actual loads of the MCC according to data of

the working motors connected on MCC.

Revise operating times for the timing devices.

Clean all internal parts of MCC.

Test operation of all control and safety (protection) circuits.

4-4 Cables:

- Method of cables installation depends on the place that will be laid on taking into
account that the shortest path is not the most economic one. Soil nature has
direct effect whether it is rocky or aggressive.

- Method of installation of mains cables are:

Direct buried in the ground.
Withdrawn inside ducts buried in the ground.

Laid inside troughs

Air installation on cable holders and cable trays or on the ascending or

descending ladders.

- Direct burying in the ground leads to high cost of excavation and the cables
should buried at sufficient depth to avoid damage of the cable from the
surrounding conditions. Soil around the cable must not contain any rocks with
sharp edges or any other similar materials. Discriminated markings must be put
on the cables to know path and place of the cables when performing future

excavation to avoid them.
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If group of cables are laid beside each other in the trenches, must keep
sufficient distance between them in order not to affect their efficiency for

carrying the current (see distances table in code annexes).

Trenches are backfilled as soon as possible after laying the cables to reduce

possibility of damage.

If the cables are passing under the roads that move on them heavy vehicles, it is
preferred to pass the cables in ducts and to leave paths for an additional cables

in the future without the need to excavate the road again.

When laying the cables inside troughs, must take into consideration effect of
adding more cables in the future that may adversely affect cable load (current

density).

Cables installed in the air must be fixed at near distances in order not to apply
stress on the cable (see code annexes)- IEC instructions. When passing the
cables on trays and stairs, must take into consideration places of these trays and
stairs as the workers at the site consider them as walkways to access to the

surrounding areas that may damage the cables.
For all method of cables installation, must not bend the cables with radius less
than that indicated in the tables for this regard and specified in the international

standard IEC or Egyptian standards.

It is preferred to be the radius little greater that than specified in these

specifications.
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- When passing the cables across the walls and partitions, must be passed through
holes lined with fire resistant material. This shall be applied when ascending or

descending the cables across different floors ceiling of the building.

- It is preferred to use cables with lead sheath in a ground saturated with
hydrocarbons to prevent its leakage through cables insulation or reach to the

electrical boards and cause fire.

- When passing (drawing) cables inside ducts, must take into consideration, in
addition to the generated heat, easy drawing of cables inside the ducts without
causing any mechanical stresses.

- Distance between the draw boxes and the used number of elbows in the path
affect on the required tension for cables laying, so this must be taken into
consideration where the increase of stresses leads to damage of cables
insulation. Code annexes show duct factors according to the standard
specifications and cables factors for different sizes.

4-5 Transformers:

- Before installation, transformers must be checked to ensure that there is no fault
or breakage resulted from transportation. For oil transformers, must check oil
level and any leakage.

- Must check painting of the transformers and note any defects.

- Must check transformer terminals and note any mechanical defects.

- Must check the connections and windings and note any defects in the insulation.

297



Must carefully check resin of the dry transformers, as it is easy to be scratched or

cracked and ensure there fitness before installation.

For oil transformers, must provide passes for the leaking oil for collection of the
leaking oil taking into consideration possibility of occurrence cracks or holes

affecting main tank of the transformer.

Shape, size and type of the materials used in construction of the transformer
enclosure are determined according to rate of disposal from the heat resulted

from the fire of transformer oil.

All types of dry transformers must be installed inside the buildings and

surrounded by metal frame connected with the earth (or metal grid barrier).

4-6 Distribution Panels:

Before installation, must ensure existence of the drawings and instructions

issued from the manufacturer of these panels that give directions for installation.

Must ensure that the chamber in which the boards will be installed is clean and

dry and to remove any existing wastes.

Must close and cover any unused cell in the board that may left for emergency.

Must keep all insulations in the board clean and dry and cover them during

installation works.

Must use the correct method of handling and mounting must be on the points
specified by the manufacturer in order not to subject any parts of the board to
stresses or sudden load that may lead to damage or defects to board body or its

components.
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Proper installation of the boards and safety of operation depend to a great

extend on accurate implementation of the bases of the boards.

The best method for implementation if distribution boards bases are the steel
sections shaped in the form of channel buried under the ground below the
boards and provided with screws (bolts) and nuts and must take into
consideration that these sections are parallel and leveled and little jut out over

the level of the floor surrounding the boards.

The board is installed on the base by direct mounting on the steel structure of

the base after being leveled.

Base steel structure can be replaced by bolts put inside pits prepared during
pouring of the board’s chamber flooring and the bolts are put inside it and then
perform sealing around them and then the boards are installed and fixed by

these bolts and their suitable nuts.

If the switchboards are supplied in parts to be assembled at the site, middle
parts are installed first then the sides to ensure non-accumulation of mistakes
that can not be noted in case of non-matching between the different parts of the
board. Water pipe is used to ensure alignment of the board parts during
assembly, taking into account to leave the screws between the parts untied until

completion of parts assembly.
After installation of the board, must check and ensure that all the movable

components of the board can be easy removed and also easy open and close of

the doors and covers of the board cells.
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Devices and components supplied disassembled must be inserted in their
specified places to be maintained during transportation and then connected

after installation and mounting of the board.

When connecting the cables to and from the board, must avoid any severe
bending or squeezing of the cable. Cable terminals must be installed in a way
that not allow for any stresses or excess tension on the cable terminals after
connection, taking into consideration maximum diameters of bending for these

cables according to the measurements determined in the standard specifications.

Earth of each board must be connected to all metal parts in the boards,
enclosures of the measuring instruments and earth points of the switches
through tying or riveting and never by welding. Earth wire must be continuous

and fixed firmly with the main earth through tying or riveting also.
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5- Tests:-

All materials and equipments used in construction of the pumping stations are
subject to tests necessary to ensure their fitness for use and their required

purposes.

These tests are divided into two parts, one is performed inside production facilities

and the other is performed in implementation sites.

The following are types of materials and equipments required to be tested inside

production facilities and implementation sites.

5-1 Materials:

They include sand (small aggregate), pebble (large aggregate), cement, mixing
water, pipes and fittings, lime, gypsum, insulating materials, stones, tiles, marbles,
granite, painting materials, chemicals, asbestos, wood and glue, glass, iron sections,
aluminum sections, welding materials, screws and accessories, laid grids and wires,
construction partitions, ceramics and faience, rubber products, vinyl flooring, cork,
metal and non-metal plats, steel sections, hoses, paving materials and metal

products and their alloys.

5-2 Architectural accessories

They include hinges, lockers, handles, latches, faucets and valves.
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To test the materials and equipments inside the factory or in the places of
extraction, the owner or his representative shall monitor the manufacture process, if
necessary, whether at the workshops of the contractor, factory or quarrying from
which the contractor obtain these materials, and he has the right to enter and

remain in these places during manufacture or extraction of these materials.
5-3 Equipments:

They include motors, pumps, generators, cables, distribution and control boards,
valves, cranes, measuring and alarm devices, gates, transformers, conveyors,
screens, protection devices, tools, control devices, workshop instruments and fire
fighting equipments.

These tests are performed at the expense of the contractor to ensure that each part
of these equipments is manufactured according to Egyptian standard specifications
for the equipments manufactured in Egypt, and according to terms and conditions of
the contract. For the equipments imported from abroad, the engineer or his
representative shall present at manufacturing facilities for accurate inspection. The
contractor shall notify the owner by the names of the factories, workshops and
suppliers from which shall obtain these materials before start in the works trusted
to him. The contractor shall submit certificates from the approved inspection
committee for the imported equipments from abroad and it is not allowed shipment

of any equipments or supplies without being inspected by owner representatives.

The contractor shall provide the owner with copy of the drawings and specifications
approved for this purpose and the owner is authorized to test theses equipments
and supplies which will be supplied by the contractor according to contract
conditions. The owner is entitled to reject any equipment that are not in conformity
with the specifications and shall approve the inspected samples and put
discriminated mark to prove that they are passed the tests successfully and on the

basis of them the equipments will be supplied to the site.
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5-3-1 Equipments test at production facilities

These tests are performed for all equipments that are contracted to be supplied

before transportation from the contractor or producer factories.

Different equipments shall be installed and operated (to the most possible

extend) according to actual operation conditions at the work site.

Mechanical equipments that are driven by electrical motors must be tested on
the same motors except if the operating voltage of these motors is not available
in the production factories or contractor test laboratories. In this case, tests can
be performed on typical motors and the available calibration for such tests
taking into account to calculate the actual consumed powers to ensure operation
of the equipments when being driven by their motors at work site with the same

efficiency and accuracy.

The above item is applied in case of different measuring instruments that must
be used to calculate the measurements of the mechanical equipments which

shall be supplied for the project, if possible.

The measuring instruments used in performing the tests in production facilities
must be calibrated and to check the supporting certificates from the certified
bodies in the manufacturing country, taking into consideration ratings accuracy

and compare it with the accuracy indicated on the data tag from the producer.
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5-3-1-1 Hydraulic Pressure Tests

All castings, valves, pipes, special pieces and any other pieces in the equipments
subject to pressure must be tested under a pressure equal to double maximum
pressure designed for the work.

5-3-1-2 Tests of materials and apparatuses

All materials used in the manufacture and any apparatuses necessary for the
equipments must be tested according standard specifications of the producing
country or to international standard specifications ISO and to obtain approved
certificates from the competent bodies.

5-3-1-2-1 Mechanical Screens

A- Revision and approval of execution documents.

B- Steel manufactures

Revision of manufactured materials certificates.

Visual inspection of welding and their dimensions.

Inspection of 10% of LP/MT welding.

Inspection of surface treatment against external effects.

C- Assembled parts (materials and components)

- Visual inspection of the assembled parts and their dimensions.

- Electrical and mechanical test (try installation at the workshop).
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D- Electrical motor and gearbox

- Revision of conformity certificate.

- Inspection of dimensions and paintings

- Drive test.

E- Before shipment

- Final visual inspection and revision of markings and ensure fitness of
equipments sealing.

- Revision of final dossier.

5-3-1-2-2 Gates

A- Revision of execution documents.

B- Revision of the materials for (gates, frame, post and seating)

C- Installation

- Visual inspection of welding and their dimensions.

- Inspection of 10% of LP/MT welding.

- Visual inspection and dimensions

- Inspection of surface treatment.

D- Assembled Parts

- Visual inspection of the assembled parts and revision of their dimensions.
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- Performance verification.

E- Before shipment

- Final visual inspection and revision of markings and ensure fitness of
equipments sealing.

- Revision of final dossier.

5-3-1-2-3 Electrical Motor Test

Motors are inspected according to the following particulars and properties:

- Implementation.

- Manufacturing and finishing

- Main dimensions.

- Air gap measurement

- Paintings

Correctness of documents.

These particulars are compared with specifications, drawings, accepted bid, codes
and standard specifications.

The following routine tests are performed for the motors:

Measurement of windings cold resistance.

Measurement of cold insulation resistance (megger test)

- Measurement of detectors cold resistance (if any)

Measurement of open circuit voltage of the rotor.
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- Noload properties.

- Closed circuit properties

- High voltage test (Dielectric test)

High voltage test is performed according to the voltage specified in the standard
specifications for both stator and rotor.

The following performance tests are performed for the motors:

- Hotdrive test.

- Load and efficiency properties.

- Over current test.

- Break down torque.

- Warm insulation resistance test (by megger).

- Pulse test for stator windings voltage.

- Inspection of radio interference.

- Inspection of vibrations and noise level.

- Measurement of motor resistance.

- Measurement of GD.

- Mechanical test.

Motor withstands over current for 15 seconds at least without sudden change in
speed (under credit torque increase) at maximum torque of at least 60% over this
corresponding to full load rating.
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The following inspection and tests are performed for rotor starter at the factory:
- Same inspection items as mentioned in the motors.

- All starters are subject to performance and high voltage tests.

5-3-1-2-4 Tests of electrical distribution boards (assembled)
Inspection is performed for the following:

- Acceptance test for manufacturing and assembly.

- Revision of dimensions.

- Paintings.

- Revision of connections and wires.

- Correctness of documents.

- These items are compared with specifications, drawings, accepted bid, workshop
drawings, codes and standard specifications.

The following tests are performed for the boards:
- High voltage test.
- Performance safety for the following:

Operation- Control and protection circuits.

5-3-1-2-5 Generators
A- Preliminary inspection

- Revision of motor test certificate.
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- Revision of generator test certificate.

- Revision of electrical control devices test certificate.

B- Group trial test

Visual inspection and dimensions.

- Load test.

- Over load test.

- Speed regulation test.

- Voltage regulation test.

- Inspection of functional parameters.

- Inspection of clutched starter and components.

Inspection of performance accuracy of electrical control panel

C- Before shipment

- Final visual inspection and revision of markings and ensure fitness of
equipments sealing.

- Revision of final dossier.

5-3-1-3 Submerged Pumps
- Revision of routine test certificates

- Performance test
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(Flow- head- speed- motor power analysis- efficiency- functional diagram-
vibration- materials- paintings and surface treatment)

- Visual inspection and dimensions.
- Inspection of indicators panel.

- Inspection of documents and sealing.
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5-3-2 Equipments tests at site
5-3-2-1 Mechanical equipments test

Tests at sit are performed for all mechanical and electrical equipments installed in
pumping stations to ensure fitness of the supplied equipments and supplies to
perform their function by performing the following tests at site.

5-3-2-2 Electrical Motors

Reliability test is performed for the motors at site by driving the motor at full load
for 10 days and any changes or adjustment are not allowed during the test.

Motors must be rotated freely without existence of any vibrations and the
temperature of each part of the motor must be within the specified limits according
to original design of the motor.

5-3-2-3 Electrical distribution boards

The following tests are performed after installation of the boards at site:

- Inspection of external interconnections.

- High voltage test

- Ensure performance safety according to check list indicated in item 5-3-2-6-1.
5-3-2-4 Electrical Cables

After installation and laying the cables, the following tests are performed:

[solation test with megger using a voltage of 500 V, to be sure of the following:
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A- Conductor continuity for the full length.

B- Start and end of the connections according to the approved drawings.

C- No short circuit between any phase conductors inside the same cable or between

the conductors of the adjacent cables inside the same duct.

D- Value if the insulation resistance between the conductor and the earth or

between the conductors inside the same circuit must tends to infinity.

E- Order of the phases when connected to the motors must be in the positions that

ensure correct direction of rotation.
5-3-2-5 Pumps
The following operation tests are performed for the pumps after installation to
ensure correctness of installation according to implementation conditions for a
period not less than 24 hours of continuous operation.
5-3-2-5-1 Pumps installed on dry well
At the end of the specified operation period, must ensure that the pumps have
passed the tests satisfactory without any problems and to measure the following

parameters and compare them with warrantee tables for these pumps:

- Consumed power at different operating points over the approved operation

range.

- No existence of any wears on the impeller or pump shaft.

- No existence of any vibrations or abnormal sounds at any operation point

including stop point of the pump.
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- Measurement of bearing temperature for the pumps and connection shafts and
compare them with the standard values shown in the supplier catalog and the

approved technical data of the pumps.

Suitable measuring instruments are used to record these readings. The measured

vibrations (peak to peak) at any point of the equipment must not exceed 0.10 mm.

5-3-2-5-2 Submersible Pumps

For this type of pumps, operation test is performed twice, the first in air (without
submersion in water) and the second after submersion. In the first case, water level
inside the sump is kept under pump motor level. In the second case, the water level

covers the motor completely during the operation period.

The following parameters are measured and compared with warrantee values for

the pumps according to the contract:

Motor temperature increase.

- Electrical power inlet to the pump and measured on the control board.

- Inspection of the bearing and mechanical seal and ensure non existence of wear

or corrosion.

- No existence of vibrations or abnormal sounds during operation period and over
pump operation period including stop point and to use the necessary devices for
record.

5-3-2-5-3 Screw Pumps

After installation and lining of suction and operation screed, the same tests of the

vertical pumps installed on the dry well are performed and the readings are

recorded and compared with the warrantee values approved for these pumps.
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5-3-2-5-4 Mechanical Screens

After installation and adjustment of screens according to implementation
conditions, tests at site are performed to ensure that the entire screen as a
mechanical system, including means of protection, is designed to withstand the
subjected torque and the protection means are worked to avoid any faults for the
screens due to load that exceeds the rating power of the electrical motor and driving

unit.

5-3-2-5 Lifting Units Equipments

All lifting units’ equipments are operated for a period not less than 24 hours of

continuous operation, where the following are monitored:
- No existence of vibrations or abnormal sounds at any part of the equipment and
to use suitable measuring instruments for record. The measured vibration (peak

to peak) must not exceed 0.10 mm at any part of the equipment.

- Measurement of angular and linear speeds of the equipment and compare them

with the warrantee values according to the contract.

- Apply over load for the equipments and ensure that the protection devices are

working efficiently according to warrantee values.

- Measurement of all bearings temperatures and compare them with the values

indicated in operation catalogs and manufacturer data.
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5-3-2-6 Electrical Switchgears
5-3-2-6-1 Check list
- Manufacturer name
- Production serial number.
- Operating voltage.
- Type of the switchgear.
- Components of the switchgear:
(Number of cells)
(Number of circuit breakers)
(Measuring instruments)
(Relays)
- External condition of the switchgear.
- Result of visual inspection
- External equipments.
- Cells lighting
- Motion of levers and switches
- Condition of doors and their hinges and locks.
- Interlock and interconnection between cells.
- Measuring instruments and glass covers.
- Earth connections.
- Mounting of bus bars and space between them.

- Heating elements.
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- Terminals and their markings

- Safety instructions.

- Motion of switches and movable devices and ensure their fitness and greasing.
5-3-2-6-2 Measurements

- Measurement of electrical insulators resistance.
- Measurement of cables resistance by megger.

- Measurement of bus bars by megger

- Measurement of earth network resistance.
5-3-2-6-3 Inspection of the following:

- Cables and bus bars.

- Earthing equipments.

- Measuring and protection devices.

- Fittings of bus bars.

- Voltage and current transformers.

- Marking of the electrical circuits

- Cleaning of cells and devices.

- Motion of switches and relays.

5-3-2-7 Equipment Tests

5-3-2-7-1 High Voltage Test for Switchgear

- CB must operate at the normal operating condition using the manual switch then
the automatic control to simulate the control devices from outside the

equipments.
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- Current and voltage circuits must be tested to ensure correctness of the
transformation ratio and poles for connection with the devices connected to

these circuits.

- Ensure operation and accuracy of each device using approved devices with valid

calibration.

- One relay is only tested to ensure accuracy and calibration using calibrated and

valid devices.
5-3-2-7-2 Transformers Test

The following tests are performed for the transformers:

Measurement resistance of all windings at the rating load and maximum position

of tapping.
- Ratio test for all tapping positions.
- Poles and phase relation test
- Load loss at the rating voltage and impedance voltage.
- Induction current at rating voltage.
- Voltage test

- When testing winding insulation, induction voltage is tested over the nominal

voltage at increased frequency.
Additional Tests:
- Pulse voltage
- Noise level
- Temperature rise
- Insulation test at high voltage for cables and bus bars.

- Twisting test on the bus bars.
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Test ON and OFF of switches.
Test of relays controls and prove the accuracy.
Test energizing of the relays.

Test of indicators and warning lamps of the measuring instruments.
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6- Performance and handover Tests

Introduction:

Performance and handover tests of pumping stations are divided into two main

parts:

- Equipments performance tests

Performance tests are performed for all mechanical and electrical equipments
supplied and forming the units of the pumping station at start of operation of the
equipments and before their permanent operation to ensure their correct
performance, accuracy and conformity with warrantee values as well as their
reliability for continuous operation of the plant before start preliminary handover of
the plant.

Period of performance test is determined by not less than 10 days of continuous
operation of the plant provided that operation period of each unit does not less than

24 hours of continuous operation then the necessary measurements are performed.

- Preliminary handover tests

Preliminary handover tests are performed to the pumping stage to ensure
performance of its function as designed which is pumping of the liquid wastes
through the discharge line to the final drain.
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6-1 Equipments Performance Test
6-1-1 General Conditions

- All mechanical and electrical equipments supplied and installed in different units
of the plant are inspected and compared with contract requirements and ensure
their installation with all accessories according to the shop drawings, tender
conditions and specifications and the contract made with supplies and
installations contractor.

- Make as built drawings including any amendments by decrease or increase
according to instructions of the consultant or owner representative and

approved from project consultant.

- Ensure handover of the spare parts supplied for each equipment by a detailed
list and fitness of these spare parts and their storage according to technical

principals.

- Submit 0&M manuals for the units.

6-2 Electrical tests before operation and connection of the current supply
A- Insulation tests by megger

- Measuring cables insulation and contents of distribution board according to

standard values.
B- High Voltage Test

- All electrical equipments (motors, cables and distribution board components)
are tested by calibration device transferred to the site. The test is performed by a
voltage according to the standard specifications and not less than 1000 volt and
measurement of the leakage current and verifies the standard result at site and

their conformity with standard conditions, specifications and allowed limits.
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C- Control circuits tests

Inspection of all control circuits to verify their efficiency according to tender

conditions and specifications of the project.

D- Distribution board protection devices test

Protection devices installed on the distribution boards are tested according to

following:

- Short circuit

Voltage increase and decrease

Missing of any phase

Direction change.

In addition to any other protection tests mentioned in tender specifications such as

suction level decrease for the pumps and any other details.

E- Earth resistance measurement

Earth resistance is measured by calibrated ohm meter. Earth resistance must not

exceed 1 ohm/m except otherwise mentioned in tender specifications.
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6-3 Tests after connecting electrical current supply
- No load test

Flexible joint between the motor and the equipment is removed and the motor is
operated at no load for 3 continuous hours and measure no load current, motor

vibrations, temperature and rectification time.
- Full load test

Flexible joint between the motor and the equipment is connected and perform

alignment.

The motor is operated at full load for at least 24 hours / pump and measure the

following:
- Rectification time by using timer.

- Test of over load protection devise and adjust it for full load. (motor rated

power)
- Test of short circuit device and adjust it on 10 times motor nominal current.
- Measure of motor temperature over operation period for 24 hours.
- Measure of power factor using power factor meter.
- Measure vibrations of both motor and equipment.

- Calculate the difference value between motor power and maximum power of the

equipment (service factor) and compare it with tender specifications.

- Measure and calculate total efficiency of the unit as well as electrical current
consumption rate and compare them with design rates according to tender

specifications
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6-4 Pumps test

Flow and head are measured at the following points:

A-

B-

C-

Operation when closing discharge valve fully and measure the head at zero flow

of the pumps for only one stage.

Operation at duty point through control of the discharge valve and the flow is

determined at this head.

Operation at maximum open of the discharge valve such that the value does not
exceed motor rated current and adjust maximum control of discharge valve open
at this limit.

6-5 Civil Works

A-

In case of non-existence of groundwater on construction site at foundation level,
the sump is tested from internal to external by filling the sump with water and
monitor rate of decrease of water in the sump for maximum period of two
weeks. For successful test, water level in the sump must not decrease more than

2 mm in addition to height of the lost water by evaporation.

In case of existence of groundwater on construction site, the sump is tested from
external to internal (Ex. Filtration) by noting entry of water from external to
internal of the sump with treatment of the fountains that may appear. Treatment
process is continued by leakage proof compounds until there is no groundwater

entering from external to internal of the sump.
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Annexes
Annex 1: Models of sanitary drainage pumping stations

Annex 2: Types of pumps used in sanitary drainage
pumping stations.

Annex 3: Protection degrees and temperature rise in
electrical motors

Annex 4: Types of motor starting

Annex 5: Loss of Head in Ductile Cast Iron
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(12 - Sanitary Drainage Treatment Plants code - First Volume)
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Annex 1: Models of sanitary drainage pumping stations
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Annex 2: Types of pumps used in sanitary drainage
pumping stations.
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1- Centrifugal Pumps
Vertical and Submersible Pumps
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MIXED FLOW CENTRIFUGAL PUMPS

=
B

List of Parts of vertical Section

Ma, 1bam i Matarial
1 Jsushon pioce 7] cast lron ]
2 casing cast oiron
E] bronze

casl ivean

lock ring stecl
b n.r'rr_lr.: _!’._'ﬂl-il'll]
10 sthrgiife plecae

a3l iron
e i

13 dislamce  bush
12 regulaling  rimg cast _J:r\l.:il'l-"
|7 13 kel bearirg bush slant
W [Braring bor, oulside | cost lon |
[ casing joinls rulsber |
158 :-I_u irg |

7 D aning -
15 packing ring, inside

19 T Tratler boaring slend
W |shalt stegl
i el Beaning 1 sbeed ]
a2 Ball bkearing T sbemt |
BELY rut 1mal

4 packing  ring, owiside Aol
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Fig. 3 DOry installation with intermediate pipe

Dy Installation

With intermediate pipe (Fig. 3b; installation in dry it
the rotgr can be pulled cut upwards withaut disconnecting
thie suction and discharge piping. A suction elbaw connsets
the pump 1o the horizontal suction line. The driver is
located in the flood-proof motar and switchgear room
situared abowve the pit.

Cepending on the raminal size, the pump casing with sale
plate or with claw, is placed on a Toundation.

Dry Instaliation

With cardan shaft { Fig. 4}, for installation in dry pir
Depanding on the length of shaft the pump is equipped
with ane or more cardan shafts.

Underfioor Installation

The pump and driver (Fig. 5| are arranged together in a
reevm adjoining the collection tank, in cases where a horn
zontal pump cannot be accommodated because of lack of
space. 1t can however anly he adopted if the room where
the sat is instatied is dry, and there is mo danger of flooding
the electrical equipment. The pump is connected directly
to the driver wiz a flexible coupling and its Footplate is
placed or o foundation.
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Fig. 4 Dry installation with cardan shaft

g

EELERE S

Fig. 5 Dederfloor installation



Differences of Characteristics of Volure Pumps,
Wixed Flow Pumps end Axial Flowr Purmps

The pumg characteistic changes earsidergniy b the tyne
of the pump. Thesefore, when selecting a pump, it s
rssenbml 1o fully undestand the characteristic af iy
type of pump beforehand Feg. 1.7, Fig. 1.8 and Fig. 1.9
show the pump charactedistios of o voluls pump, reixed
How pump and sxial fiowe pump, for which the difference
in gharacterislics is the largest among various pump 1y pes,
in parcentizge curves. {The parceniage curves are to show
ME pump gharacterisic curves on the basis that avary
ene of 1he 1ctal head, cEpacity, shall horsepower znd
efticiency al the masimam elliciency is TOO0W),

11 Total Head Curve

As shown in Fig, 1.7, Riging Character {ie., the
characienstic that the total head decreases as the capacity
INCToazes) becormes sironged sn the order of the wolute
oumps, mixed flow  pumps and  axial flow s,
Thie shut-ofl head (head at the point of O capaeily )
of the wolute pump is about 120~-140% of the head a8 the
maxsrmum afficiency. But, it is 140~-200% for the mixed
flowe pump and 1t further increases to 200% end avar fer
tha axial flow pump.

21 $haft Horsepower Curve and Efficiency Curve

For the walute pump, the shafy NOCEEROWET CUve grops
a8 the capacity dacreases as illustrated vy Fig, 1.B.
But, in case of the axial flows pump, the curve rises on the
cantrary. Therefore, in casa of the volyie pump, it s
better to start it by fully elosing the valve beforehand in
arder 1o mininiee the star ting tongque. But, for the axial
Nlew purmp, shutoff operation is impoesinie bacagse the
shaft horseporer increasss, When planning, it is recessary
o take this fact inte consideration. The shutods harse-
power [shaft horsepower at the paint of O sapacity)
of the wolute pump Is shaut 30~E0% af the shaft name-
power at the madimum efficiency. For the mexed Flow
pumg, it ig about 80~ 120%. However, for the axial ficw
Pumg, it increases o shaut TEO-250%,

Of the efficiensy curves, the valute pump has the most
qentle curva with the largest radius of curvature. It sug-
gests that the walute pump showes tha srmallest decrease of
efficiency by change of the capacity, Besides, when
compared with the maximum efficiency of the pumps of
the same bore, the valute purmps show the mest excellent
value in gendral.
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Fig. 1.7 Head — Caparity Percentage Curves
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Seleciion smong Volote, Muged Flew and Axial

Fiow Fumps

Comparitan al Pump Tiypel iegarding Total Heml

Torsl Hesd Siugtann LN pnaritigat Miwed Flnws Auial Finw Flemarkr
Lamihan im - ] & H Ced weileiy
Lestitan Jm A 0 o CIreed,
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1 5 . 1 | auree
More than Ben | ] i ¥ i ¥ i
Comparitan of Pumpn Types segatdung Fluciuation af Hesd
e -
“"”;E:m;fﬁ&“ i Cenirifugst Muscers Flews At Flivr Atk '
+ & vtﬁ . (%] L2} L] iyt L) Can he wnad
+10 =~ =30 % a L) & Gopettes 10 meeed, X Mot suitelee
o =% Il L] L] B 1O Caalaan, sudy Bp IRy
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Comparizon af Pump T'p_'pﬂ! tegrrdang Ogwmralion e,
Iyeme Cenerifugsl Wiaed Flow Il Al Flime Ve Alammik
Ciparition vl otk st & USRS B A For ey inem, merks A, B and G
1 s gt dinecsr pie o 50
q c o g
AR N Enc "' | £ e unbrvitabe o i this Geder,
Pricn 4 1] A = Anfor the meed, mashd &, B #5d O
Lpand Bore B & &Ii sre g [reem e guicker Gne 1o
EheT O,
EMictency a a & -
Flince Speee Bl L] B A ]

Ditferences of Characteristica of Voluta Pumps
and Turbine Pumps

In the paragraph o bewe

differences of characteristics

of the centrigugal pumps, mised flow pumps and axial
flonw pumps are described. Of centrifugdl pumps, however,
the performance of the volute type pumps differs from
tat of the turbine type pumps. Fig. 110 shows the
difference between them by percentage curves. The
Starbing pumps tend to show & conves charactaristic for
the total head curve (total head curve for which the
maximum yvabue of the head i at 2 point of chpacity
other than the shut-off point) and the operation character
jstic at the time of parallel runring sometimes Decarmnes
unstable. Generally, the shut-off head of the velute pump
is 120~-140% of the head at the maximum efficiency
aoint and that of the turbing pump is 170~ 120%,
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Specilic Speed. Tf we give the following data
of & — gentrifugal pomp; —« capacity ), — torai
head "H and — rolations] speed n, the ss of
said centrifizgel pump is the true rotational speed
of a gl P (index g), similar in vane geo-
mesry and ik velocity planes [ velocity triaig
Iz }, having the following performance data:

capacity Oy = 1m's

totai head Hy = 1 m,
From the relationships of sirslitude mechanics
[—  similarity  conditions, —  affininy 2w,
-+ mclel Jaws) i feliows: :

Q D ..
Q. Din,
o Diﬂl
=
E, Dy,
Sobved for ny we obtain:
oo SOAOYH
SLRRRRTTY T
or, with Oy = 1 m*/s and Hy = | m:
_ a2
ng=n T
with
Q inmss,
H inm,
0 inminT,
ny, nemin

In centrifugal pomp 1echnology, i@ & usual o
quate the ss. in relation to the optimum valees
of capacity and total head (1.2, at the — eperat-
ing peint of optimam — efficiency 7)a 1 2nd in
relation to the nomiral {rared) rotational spead,
acr Ehat we have:

R, = Ny g“ ' w
with
Mg specific speed in min™,
My mominal — retational speed in min”
Clapr optimum — capacity in m? /s,
Hop  optimum == total head in m

The =5, nq in the lastenamed version is a Ere-

guently used characteristic magnitude in centrif-

ugal pump technology, and it is characleristic af

the optimal — impelicr shape required to a-

chieve optimum sfficiency:

radial impelicr ‘ng = 12 12 35 min"’

mixed flow impeller ng = 35 to 160 min”,

axial impeller Ty = 160 e 400 min™ and
GverT, ;

Based on the dimensional magnitude Mg, 4 OGn-
dimensinal soefficient characierizing the tvpe of
SERSIrEEton: his also been adopted in centrifugal

pump  techaoiogy, which, according to DM
24280 15 expressed as:
W
nye 3330 —L
(g HI#

with

N —e puiational speed,

[ —+ gapacily,

B pravitational constant,
H — satal keagd,

in coherent unirs

'The numerical values of the magnitudes g anl
ny are the same. The conversion af the characoe-
ristic Factar vy into 1he so-cafled “tyvpe pugn e

E=2m- n—gLs
(z-Hy *

Treuently used in English and A merican centrit-
ugal pump Hierature (see ala [S0 2340 s
given by
EEPY: LR
2819 M-

Fig. 1.3 is to illustrate the relation beoween The ompelier

design and n,,

Ac the value of ng of the volute purnp

becomes largar, the ratio of the impelles blade width and

Fig. 1.3
iy o s ! -y
L]
=
% |
E i !
i H- T ek
f i J ito | a0a £ I
Cresil g atemy Wokate prege Mymed v gl N

inner diameter to the outer dimension of the smpelier

becames larger,

As ny incréases, the pump type changes

to the mixed flow type and then o the axial flow type
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SUBMERSIBLE PUMPS

SUBMERSIBLE  PUMPS ™~

7

=
Tempesaturn Meaitars I'I_L:_

. . Sralor winging i2 '\--i- 1
. ’ & Lower beanng ;
---""--._ / @ Uoowr bezong
= Maisture Ingreas
_'_;‘( Manibara
- ":-E-l:l 20 Shasmbpr
’ B Lowar matar grambs
e %
- (B Soanedction chamtr
~
" -
Bearing
Temperature
a
Monitors.
The temperalure monitars fited ba J,
the upper and Jower Dall-bearings I
v varky mdication if o critical tom- |
perature hes heen reached  and B

switch off the wnit automirtically if
a limiting walue is excoeded.

lotor Temperature
Monitors.

AR i ofidhg theme-sonirel system

temperature moniters are embedd-

edin the upper and lower seclions of

the stator winding. Hr":.ﬁ_gse of aver-
m

heating, a warning o |
.. ;J?\x\
T e

will be given pricrin =]
damage COCUrTing—. -

Electradios of the plectranic Dzl

N2 Maniter system are fitted to et
eal ol chamber, cooling  putnp
FAVItY, upper and dewar sections. o
the motar &
Binnecten chamber. This systam

Es prior warning of water ingresss
befare sapie
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2- Screw Pumps
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T SELECTION OF INCLINATION

Difference
In lavel FP<CPF

Screw capaclty In |3

0 | o1e0 500
to 3 m puli o frrg 30
3 m A5 a5 a0
A — | ge 35°
feal U e = 357
avar 8 m — | —_ 38

Compact sérew 357 aniy

i

MUMHBER OF STARTS

SELECTIOMN OF SCREW DIAMETER WITH SPTIM UM

Seraw diametar Capaclty In |2 wich inclinzton &
. 1 A

e Hy ko
&00 FE in 15
500 a5 30 5
G &0 &3 &0
T &5 3] -10]
] 110 23 80
) 160 | 14 100
1400 2530 | it 170
12040 383 ] il 250
1400 540 { £30 360
| V&m0 750 580 S0
P 1] 280 EEL] 654
200 1250 1000 S0
Faani] 1550 120 1000
L0 1900 1504 1300
2460 [0 1500
L] 7o i o0 18040
|_2-GW 1200 | 1500 2200
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CARACTERISTIC LEVELS AND DIMEMNSIOMS

FF = Filling pelat — Serew capacity 100°
TP = Tauch palat = Scraw capaciey 0

CF = Chute paine = Drlscharge lewal at tha rnf
of tha erough,

MPP a Maxirmum
Pumping point - Maximum watar level In
dlachirge chamber agalnsg
which pump will oparate,

H = Lift — Used for sizing and selactiar
of suitable drive unic,

REMARKS OM TABLES

1, The Infermatien on screw dlameters and angies s
glven for guldance only, More domalied Infermation &
aviilzble on Fegueet.

- Loval difference FP ta TP = appros. 0.75 D o g,

3. Level diffierence CF to max, pemplng poing =
910 O — 0.0 D dependlng on number of splrals st
When screws are oparating in parailel the chute
pelnt must be arranged g0 avald water streaming
back dewn the non-operating scraw,

& Minlenum Internzl wideh of trough =
D 4 400 mm,

3, Masimum pasmissible angls of incliraclan = 8%
degrees.



A Lhe widba devel ol nler ok, the pump delivery
ipereses lvone rers of T 1e e maramem capacity ol
the sceew al o The wiker fevel of outlet has no influsnos
o Lhe g debivery, provided 10 docs aot ceceed the
laweel 13 5 ke witer sodor Bewel 35 raised adowe 15 ghe
pump delivery romaing seosibly comstant ol ils maxi-
b valsee, OO reprcssnls the masnmuwmn Gutlat level gl
wehehr o serew o sl b osen weellocul o non-
refern valve, Thos preventx back Bowe (hroagh he
clearancg Loepween sorew nd trcusl when e puomg s
shiwt o 18 s ek fuw s allowed 1o ke plave thee
i danper ol the sorew bocciene choked by sedument
or slel aaiier, making 0 defficall or ampoessibde 1o
resiarl. Lewvel I* s the ooller water level ol which the
przenp o owill opernte Sl masimom eficiency. AL oulbed
levels preater than tles, water g throoen back down e
sorew, wilh the resuls thai the delivery oosd efficie ney
droaps shorply, and the reozirs) Urawen g prower incrgascs,
IF thee pumage 15 run o Lhis cossdion i ds possible wo
overload the nicior, wnd 10 shosld therefore e avazdaed,

Frow these semgrks 0 can be seen that <aretul
speciicativm of the relevont water levels s pecessary
w3 cimgiiafy P g0 sorcw e s e, Chce b
sCrew 1 duesepaoed, altenstions e the levels ore nog casily
accarmimiodise] For pen regsog s

(o MAos whoe docligiion o is gercially Doelbweon M1 e
A0 b Ly simell incresse i e Beasd T Das o
larpey effect o tie blaked length L, s con e
aipreciniedd Sromn Pag 5o Thee Boagtl ol The sooos
Lrsbwecny Besag g wCdabies s o benpaeriool gair-
e el b desipn, asols allowsible vialue 14 fixed
by the sicveplable dedbeciion ol the serow. Blence
i amrcass o Homay neccessinne the use ol o
weniral vebe with pacieer wall dlnckess, Taken
i eanjunctacn witle the additionnd lenmbh or
beatly pube gngd blades, o madked incrcise
weieht, and freoee tir cost, nuy resuls

i) As b kead Bl ds nocmally nos high lor o sorew
s, -_-Ii;gill[ dllerations Lo The wiler lewals Ty
tmply w large porooatagc vorsatian in Qs value.
Thas eay make 1L necessary Lo provale 0 birger
g, gear uail, and bell deive wlaels, fakon
togelher, represent g farge propocicn of ghe
vt ol s SSiew parnp nstalldioog,

Finully, 0 showld be noted that of the Tows Tevels,
T, F,Camd B anly swo can be specifisd, The otler 1w
are then fized Ly the it of 1l screw and s
inclustien. Normaliy F s given and either © o P00
the top cutlet waler level 15 speesficd s O rother o B
the expense of 3 reliax wilve is avoided, but ihe sorew
itself wall e rather longer ancd thereliarg more ex posive,
Furthernmoee i will operate ot a rather lower elficicasy,

Desigr of screve pumps

The capacity of o scrow pump depoads on e
-I"n-|1|;:-wi.ng PIT ISl e TS —

(i) The owrsade dismerer of the blades {13,
{1} The ratetional spead (M)

{iii) The number of sarts o the seeew. [(This tlerm is
wied wi oun wnalogy owetl the terminclogy ol
multiple screw threads) {5).

{i*} The inclinntien of the serew ans 1o the hagi-
wornelind o,
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071 Tlee oatsede diimeler of e central lube (d).

[viy The lzad of the Llscles (k]

i The water level siinked 1o the sorew,

Ll e 11 s not dependent on e hewd W, excepr
i a0 Fof s [hos varnes wiily [wai ] wlrove, or on the bladed
Iengih Lol the sorew.

e e he slees than the capacity ol 5 sorew paang,
fibs oy wtheer promp, dries gucanding o the folluwing

[H'S Q =g, ND?

where € as the capainy of 1he pump, ™ ol I3 bhave 1he
mEmking: assgoad  wlwve, amd g 05w dimensionbess
quanelaly called the specific caphaity. This is constant Bor
geamncincally sinular screw pumps, 58 thase for whicl
Sy, T o a0 gire the same sad swhnich have swflficient
immersion al wilet e produce maximum quantity from
the serew. [ is Townd thal Lhere are cerbun oplinum
walaes for 00 amd 20, and these are adopted as
standiaad. The speed is determined Trom an cmpirical
Fermsila giving e maxomam speed which con be
ampioyad wilbhour eacessie losses doe o splashing;
e Brger fhe screw dimeter il boseer Elis wai masm
e ilaler spmeead

CHF ahigeay nleresl 1o the Cesbomer s the nmuanner in
whneh the capooily wirics with sorew inclination. [v s
readiby apmarent that the sieepser the mclhinetion of the
serew Lhe sharfer will B2 ooy lenglh for o given head.
Flosswerver the (SRS TR Y il sawen dinmeter of sorew
e warly inwlimasteen ms shovwn o Figs X

[La ]

=
o

o
L¥]

FERCENT

QUAKTITY PUMPED

b
ja]

iz A as ap Fray
IHCLIMATION ©OF SOREW TO HORIIOMTAL o<

Feg. . Tho capacity al warious angles bosed an tho capbcity &3
a o= B oas 4 claturn

Although o screw Mo o given i mnay be made shorter
By ncreassng the anchioalion, o mamlain the copacity
itmst be increased in diameier, wlinch will also increase
thie width ol the peonaping installticn, 16 should nlso be
abcrted gl Ulee sibicicney decrsuses with inclinalion. For
these reasans it s loumd thag the most econamicnl range
of villues Tor = i3 307 10 907,

L can now he seen that the Jdigmeler of B Borow



a F T )

o [Pumour)

Fir. 3. Petlarmance nurves of a ivpicsl screw furnp, The Do
guwrvn shows thi relationship Betwenn losd and flgiar

depends an 1he capacity regrired, whereas he learglh
depends mamly on ke bead, Henee oF the CPUATEE Y
required is small but the head is frrge, & long thin serew
resulig, whicl mny not be mechanically foasible,

As can be esvitaged, for o sercw of given dinmcter,
the greater 1he mumber of starls e greater te capzcily
of the primp, 1lawever, increasing e nember of starcs
i= sulject ooa Juw of diminisling relarns, Three <pzers
Are more comman, bl there are oocasions wilieny Lhe
wse of @ screw with less than three sloges 35 nilractive,

Adlen Gwynnes has a mege of screw pumps of stand-
ned diarmeters, Teoim which o pecguired duly con be mean
by suitably acdjusting the maiination and speed ol ane
of the pumps Lo provids 1he snst cocmiamicil design
It s therelore heller 06 the customer does ol spocily
tlee inclination, as an allenipt o do s can resulz s 1

cast of the screw heing lagher than would be the case o

the manrulacturer is free 1o optimise bis design.

Fig, 4, Twa scrovws to meal the same
duy. Tha scrowr on the lelt remisire: =
raneretusn vabvs and that oo tha nigh
cligms N

Scraw pump perlormance

Fig. 3 shows the performance obtained Trom an
Adfen Gwynnes screw pump. The variations in head
wers oblamed by allering the inler waler |level anly | the
autlet waler level was kept constant. The curves show
The Emportant properties of o serew pump, and the
foflowing poinis shioukt he poted,

i) Leas imipactant 1hai the discharge specsiiog with
1he enguiry s the maximum 1o be expecied, Cnce
A RCIew s sulnmerged wp to ils Hillivg peint
(shown as (he “duty paint’ s Erg. 3} 0L cannol
deliver o orper quaneity i the inlel Jovel rises
any higher. This point s of considesable ime
rartance in the case of fand drainage insiallations
which may be subject 1o flood conditions,

il The efficiency curve is very Mat over a large
ramge of Nows, Therelere, as proviously mesn-
tioned, it is perfectly ceanomic Lo run a screw
down Lo 25 per eenl. g0 30 per cant, of its max)-
fnum dischurgs.

iy The maxinmmm power reguired Trom e mslar
oocurs when ihe anlet Jevel is at the *Slling point”.
The motor is sized on this basis, and hence it js
unpessible 1o overlond the molor usder any
weperaling condition, with the single CRCClIgn
mentinned carfier of allowing the autler feve| e
rise above e 'makimum ninping level® P

I conncction will cMciency, snme expianation ces
aarding the avtlel wiler level is nEecessnry,

In Fig. 4 a screw i required 1o caise waler Hrowgh a
height H. This can ke done in fwa WILWSE T

(3 A screw (1) with its “filling point’ at 17 and is
maximum puimping  level'  ar .  where
By = F — H. In {his case a non-return valve IErLsg
be provided.

(1) A somowlas longer serew 21 wathils “chuwe poing”
Caoadoa height B above s Tilling point’ In jhas
CAHSE 0 on-rclurn valve js nesessary, s serew
Bovwever will Bl water to s siaginem PU
ewel. Py the  effective  head  hus heing,
Fo - T = H', end it is o6 this basiz gl $he
powes consumel mest be caleolated,

Flence, when the term “efficicney is wsed Tor o screw
PUmEng to sone oulles level clhier han the ‘s it m
pumping level”, i should be carefully stsied Lo wiich
outlet level i) i related,
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Fig, 5. Faur af thi wacows eleciric MOORSS it puip drive
AmtangEmRntE 310 Shown

[Toe Feft) Flangs-mounted mater with gacsliof-shall reduciion
gear

[Tan cerlre) An ebocieic nwlar mounfed at (he side af (ha
parallel-shal reduction gear weith Lelt drive.  This resulis an
A rather wide arrangoment which may be inconveriont if
soveral Screwe ke b b oinstalled alongside ench alher

tTan sght] An elecirie motor mprnted on 1op of thie raralbsl-
shiall roduction gear et bell driva, This e npEment sl -
fies ihe doundations as the expense of an indrease i the
building hesght i

{Righr] An elecliz moles driving o dghl-angie seducienn gear
threugh belea Thix produces a reasonably agsrow unit wehich

iz convoniend il severad sgrewes ar instaticd in paralbel a1 the
axpinde of an increased fength of msko: hpyse

Drive arrangamaonts {Fig 5

M3 he rotational speod of serew panips o Bow, vire-
g between approxioately 20 and 90 cevfimin Tos niost
applicitines penerably, et alrive by clectrie wminter
iz owl ol 1he guestion aed some monns of spegd reddue-
lian wust alwavs be provided, 10 iz therefore msual e
ampley dopole motars, a3 thews are cheap amd swall
sive Whilsl 1he rospnrec rechictaon e specd cma e
acheesed by indorposing o gean v dieetly hetween 1he
matar and the pumg, i iz vsually more ceonomical g
comvenment oo connecl the modor o the gear ot by
means of a Wehel drive, 30 pdditen 1o erabling o peac
il well posmalles gear ratin 0 ke used, the Y-hell
devee arrangamient has the follnwing advaniapcs--

Gy The desived pump specd o e approached nicre
closely fhan 07 the hed ranpe ol ring avarl-
able s proproctary gear it alose mest be used

) I reguired, the capacity of 1he sorew pusp can
be adjusicd selatively siinply aml cheaply by
allering Lhe pulley ratio and lence the puup
speed, The maxinoem Now coguired  mrust of
course B2 known al the design singe 5o ilat e
screw has beea sized For the misaamem cludy.

(iif) The physical arrangement of the motor and goar
unil within the motar howse i more Naxible,

(iv) The coupling between motnr and gear s climis
nated, and a drive with good Lorsional Rexihility
subienluted, with bepelicinl resulls, for cxamprle
when starling up oc when salids are being Wfted

Tie gear unil 5ol can have o parallel shalt lavout
ur e hegh-specd shall al right angles o the low-gpead
shall. The lalter arranpgement is meore expensive, bl
can have advantages in space-saving in the moter house
iT several pomps aee installed in parallel

353

Enguiry imfarmation
Adtinegh ot s bovond the scope of Uus article o fully

discuss all aspecis of the deszgn and selection of serew
pumpe, 1d s Bopesd ot oselol guidance has Boen piven
to therr correst application. Howewer, it has deawn
atlention Lo the seed o inclede the following informa-
tise wentdy cnch enspimry Tor i screw pousnpe

Ay ol appbications st Mo Do Tae panngsel |

faiinkeer o s ik -:l'.ll_:( [RIETTRT RS

daid Alarnd-Ty roomips;
rmnsmsinn Mo guer [RLL BT E
g lewl Al weliieh codsansiiee flow i ceequairged o

wisnenaan iedel lewed af adisch pampiag os soguiesd, or adlen
nasevely rusitin e por giomps;

[EIHERILITRI IS -clulll:l; awenler |.\:'.z\c!l=_ g 'J.I'|.\_||'\.:r thed 1% 14 SoTre-
sl Wk Cefibile et Cooe the 'masimuam Pisfibjeng
e Iy

desorinlinn, of diawing. 7 proposcd insallation:

details of avaitabkie elecirical < ppiy, nehuding goy cesitiction
e SLACling Cosrent,

Bocause of the charagterislics of sopow pumps i s
pnpariant mat tas anlformation, on which Lhe design
will be Based, is Onal and decurate. Chanpes in flow
ar Deeadd figures, once he sccow pomp has been fuoted,
may make 0 complels eedeosign necessacy. This could
wilh alier both the price and the space occupied by Lthe
pumping pland, as sven minor changess cannol be
accomimcedaicd as easily as wath an impeller pump.

i s gencrally known that Allen Gwynnes has fong
and specialized expenence 0 the design and applicalion
of pempig insiallanions, and is able o advise an
pumping schemes le suit the particule regquirements of
any inataliation.
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AIR LIFT PUMPS

AIR LIFT PUMP
DESCRIPTION

Air lift pump is a8 poeurnstic device for
lifimg of lguids.

The mechanism is based on the
decrease of the specific gravily af
the higuied Dy injecting air into the
bottom of the pump. Due to {his the
liquid-air mixture hegames lghter
than ihe surrounding liquid and rises
in the varizal pipe.

Th ieir ift pump is mainiy applied in
setthog lanks (grit collactors, primary
and apcondary clarifiees) far the
rurpose of iting sand or shadge,

The air lift pump doas nat contain amp
movsbie parts The cross—sechon of
itz straight werlical {iRiogh pipe is the
same along ils complete length, This
miakes the pumg insensitive 14
clagging or wear gven when
coarsa-geaingd malerials are leing
lifted The design pringiple slinwes (o
# gentle conveyance of fliricds which
i of imparance, for example, in
nandling aclivated shidge, When the
pumg becomas clagged, the Battem
of the pump can be washed froo by
clozing the quick—operning walve for

a very shodt lime,

ELEMENTS OF COMITRUCTICH

Aur lift pump consists of the fallowing
alements:
Eottom af the purmp with
conngchons for cormpressad mie angl,
iFrequired, lor Hushing waler;
riser pipe lor ifting geit-water or
sludge—walas mixlure wath air,

All parts are adequalely protecta:d
AQiungl gorrosion,

QRIDNAL ACCESSOMES
AMD EQUIFMENT

== Quick-oraning wilve for whirling
L Lhie linuid i el g bettars,
05 8 means pgminsh aingeien ol the
prprvagn el doy wluEn brasespiea g
nrel) 1 acts Iy closimyg e et
rapae for a wery sha pooed ol fane

= Air cormpressor in ool eeocsiben,
os, il reguesiod Ly the custorsier, an
oir Il dclaed $o 1he qor WN
AT,

AIR LIFT PUMP TYPE MP

_:_—.
B ==
i f——t
il =
il 11
i )
! JI
1

I F|
| ||
! I

i
0 1
' I
i 1
i |
I 1
L]
I

i
' i

s ii—

L R e

r——— iy aa

LEGEND

ol bl

m

Bormom ol the pump
Lilsisg pipies

Flgelipg vl e o
Comprested air supply Gine
Duick-opening vilve

POSSIBLE EXECUTIONS
0F THE PURP BOTTOM

11 for Statsary punsp

Haf and Ja Tor portable pump

ORIENTATIONAL DATA ON CAPACITY

Tepe: WA HD i HOAZE ] KD fEp T
e T TR R R
B ealume vsed oy 15 150 T T o 4ag |
Lty eonpire sty ['f‘]l L -u_”- W74 _I;_ :I‘\-F- -1_;""! l__sﬂ—q—
Faezaqurt end weplan .'||..1-'ll_{||'|'1rr:.| hE.| I-E_ . .:'E:-.' h “.___II_.
IFluestivng el pone s i i e ST it s P
Bir competie e HESS THOGS  [WD Stand an
Foarmbann) b ar Coaie s foes KRA0 NOAD MOGE MGG 3
ﬁzqm'n'd FUCEI Feensniee B = P 4+ 20 2 bar
B pressire nf e BiepsSnl cashoivas w2 bzt B4 1L g s i dnns
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Annex 3: Protection degrees and temperature rise
in electrical motors
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Huchdrodh, redh 2uiang

spproa, Macekdad

Hesig T F

Twypen of Eoclépare m
Pratection ¢f Fergans Agsicat Cogtast With Iiwa or Yariop Parte of

Electrieal HMachizen, ‘:GGSG

Frotection af HMapnines Agmices Ingresas of Sclid Foreige Bodilea snd Wator o o

Esmutzarten; Beoibrines—, Froeodkdrper- usd Wanserachuotz, oleesrieckes Fazchipen

Ser Explamatlicne for correlatice with Fublication =5, [lret editicn 1953, iwsued by ths Intors

oitignal E.esetroteocbnicail Sosmispian (IEC].
e

Soptents
Toge Foza
LT = Y T N T | D. Tenting for probecliod ac=icsT SBEFaRs i
2 v ol WAtEL. ¢ + 2 2 & = &4 2 & E & o4 maomom
#. Compseiticn of ayThol. o » » = = = - = = 1 ol A S T o s G g e e o e Tk
3, Tegresn of protectisn apaiost Fade Hochamicgl teating far protectioo agaicetb
accidental ceabkact and icgrasa ingrean of water. « - - - - - = - 2« 4 = §
of foreiss Badi@fi. - o o« 2 & 4 = r o2 o= 2 B P05, Eleotricel bestisg. - - « = s = » = = s = 3
4, Tretsction aghinnt ingreses of wacCer. o o 3 B, Types <f scslosere with acditiocsl letsSers. 5
. Typen of prefersed eRolamlPe o oo o= 0 - - 3 Bo1 ttnnh;:w:n with pipe T\E‘:I.L’._'l.:.ﬂ.t'-.‘i.lﬂ
. Testiog for protectlion againok g0, i::&;;ogti&;bxi{ii;" P o ¥
ggg:z:t and ogrean of foreiga . i R 2 e L S e

1. Ssers
This Standincd applies Té soteting electrical =ashlcen aa coversd by VIE Q530 "Milen for Flestrical

Hachicen®, The prepesnt Etsndard s coocesmen with the protaction of sachiasa by Zesos of cadainga
and covase and cozpriass the following:

4.4%. Frotectico of pecpons sgaicet contact with live of moving componento izside the capings. afd
protectica of sachloer sgalnat ingreso of oolid ferelgn nodien {protestion ageainet acocidentsal
conbact pod protesticn sgalnoot foroipm bodieeill;

1,7. Frotection of machines sgainpt the icgrens of water [protescion AEsinst water);

4,3, Sywbaols for she intersatissally agreed iypes of eRclipirs and for the dagress af prates
Teating aod io=pesbloos designed to werifs that the m=schingsn conform with the secuirpmanta
present Stoodard are lald dowvn ico DXM uQCS4 Part 1, DIR GCOSZ Part 4 and IZH aOD53 Fact 1
Part 4. Any sdditional informotion ceqguised tn The tenpticgn, will be found in thias Stardard.
With #egmrd ta flazeproof sad exploaios proof Eachioes, the opeciel provisiooa of ¥LE fegtels Pl
ghalld ha obasrred,

Toa teatioge ars Lype bestings fsarried out on batsh-preduced machlipes or xedelas Troy are perforz—
g4 an n new sachise resdy fon service, [fitted wicth mll sttachrenta apd ioptelled io She Tagser
gpecified by the ceatemer. LE tkin Le mob prastlesble, the maooer of %Seoting sholl Be agraad
betwoes TeEcfAStLTEr. ATd CUSSOO0ST.

2. Crxposition of geeksl

The typos &f seclesurs saca denigonied by a sr=bol conebaTting af tho two code lettasw IF (which
sppear A5 this form in every oychol) follswed By the two refersoce aushess desigmating the degres
ef proTactian.

sdA4ticnal lebtbsrs ==y Be included, if cecepsasy, as fallown:
fap pipe-ventilnted oachiaee,
for weather-proof sachicen.,

for pachined teasted wbkilas stetiooacy foF [roTesTioR AEAIRST 1ogress af walser,

= R BT

for oAchins=as *ented while sacniog [4r protestion againat icgrens of wsber.

Tae letbera B and W are placsd between IF and She twi cefesencs muobera) the letters 8 and X are
placsd tekipd the two refeseoce ousbers. The aleeoce of tTha Iettora S5 or ¥ menns that Teati
Tar protecticn against ingress $f water Qg carricd out owith the mocdioe statichary and running.

Tae complebe wy=hal [£ade LerTera, Telerence ounbers ood moy eates lotbera wcaed) i3 bo be Soows
A% O coclasure Sade.

"I An tum proftceTion sRoLnEt posigenial foncect and ke prolectics ogRiBlst iopgresa of faraign bodicu arc
ciumely pelased, & e n celprazce caoster hao Seen mllolbed k3 tmess twa Eypas of saclzsure.

Cocfiavned an page= £ La 4§
Emplonalisds 0 feie &

‘o LIF MCOSD BL, 2
e

T e s it P rm s i 0n e T Ve o Laoeminn T . 11 g
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Fage 2 DIR

50050 Pact 2

Code letksra IF

| Frotection agaicst aocidentnl costmek and sgaimst
| l=graas of foreigs bodism and of watar

First ceference guzber 0, 1, 2, U and %
[@as Bectian 3}

Dagresnaf protection againnt accidentsl contact aed
pgaicet isgress of foreign bodles

Eweond refsrencs zusher O ta & (see Gectiom 41 | begrespel protection agmiost ingTess of water

Ezsoples of desigmetion of a type af

Code Letiars

Firat r«f. o
Gat. Tef. =e.

Ir, in descriptlions
appears after the codla

nuober, #A:fs

If the typm
the typa of

e
—

]

r—

emclosurs:

_-'1_ Ly bl 3 3 s

| Code letkers — T T T

] Addikiomel !

i lettar |
Firet reaf. Zo. aa H
S&c. raf. 00. = |
Eddibional lwttac s

for swsmple, SOLY One Taferance DuADAT tar the degran of protestion
lettors 1P, a dasgh should Te ippeptad in liew of The massing Teferance

of speloaure of one compozeat o tha pachinn, e.g. o8f the terminels, daffers froo
of the cmochime then the ayooel for tha type of anclogurs of

saclapura of the reat

the copponent which differs ahall

sure piving
differs baa
§ooa .

oe specifisd peparately; L3 such campsas, the 1Fpe of snel

the lower degres of protecilsn &b i1 be etated first. If the ooz ant that
s higher grede of snclaosure thip will oot Ba atatad, ses TLE O3 Fart 2/1.69,

Tha 1.-{;“ af soclopurs anould preferably De featured oo The reting plate, aod AX thia ims no

foami

ie, 0B the caslog.

The indicati
ar ususl made of inotallatioo.

(==Y

1

spa Telate To o the "as-delivered copdition® of the pacnine, apd to its specified
The typa of ezclaoure DAy eliel s & rapalt of m dlfferant

type of ioatallation or zeunting or if the Baihins le opaTated under other conditiods (&-g.
¥ the sloning of spertures).

3, Bagresns of protectisn agalpat mccidental contact mnd Apgmans of fons forglpm bedied

iratk

Seopd of probectioa

ralaTense
Bl hEr

Ienoaination

Erplanetiea

1

ko pratectlon

snt coptect with Livae or Sovisg reopageaks, Me protectieon af
pnchine agatnet the Logrens of golxd fereign bedied.

He apecial presasticn of peracne ngatest pooidestol or tamdvarts

S R

j =13

Protsstlion againab largs
fereigm =adles

oo protsciicn agoinst velunbery mofens to thase raopazanbes.
Prokection agnisst ihe izgress al aoolld fareipgn wodina having
Aipgeter Lo sxcess of 50 o=

Protectiac against nesidentoel o insdvactent lorge aseéd rantacst
with liwm o intsrmal moving SoRpoRentm, =i W1EE tlhe nand, kot

Frotectioo agmnizmnl
=edium-nized forsatga
badles

Protection againat E-nr.'l:l{t by the fimgera wiin live o iotare
seving sompozeaTecltl.

Frerectise ngaipat the Lngroas of nalld foreign Bocien having
A1, 7ter in excann of T2 ma.

nl

.

Frotsctios mgainat
gracuwlar foraign bediss

Protectioc mgainst eastaot witk 1iwe er Lptelial maviag coopa
nente Hr Etocla; wirsa ar siniias abjsctn kaving & tolcksees 1

S

axcess of 1 ==%151.

apacturas [izlet apd awtlel speningn af ewtarnal fezsl and
copdssmata deetn nales of tolally sncicned Zachizen ¥hich arna
gllowsd to baye Ho. 2 degres af pEotastiaz.

Protaction ageipek
dupt depesital]

Camplats protectlas ppswnal coptast with live o inkssmal Bov
campeneslall,

ef the maskiaa.

Pratackion ageizet She izgress of neolld foralgs bBodiss having &
dipzetar Lo srceas of 1 =3 cxcluded foam Shin are coaliag air

Protactien against l2juricus dust depealts. The lagrees of diugk
ia not sespleiely prevcatied, Lyt dust zust Bet be abkle I pocas
LrnTé LN ASOSEIE LATER aLdugR La adverpoly affast tim operatzca

LRE

==

L=
Far Footnatas aes paga 3
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DIN 40050 Fart 2 FPage 3

4; Protection apmipat increps of wnter

Spoond Seeps of prabtsctios
reforance o
aumkar Demczicnting Frplanatien
LE Fe protecties ‘Yo mpecial pretaction
| Protaction xgsinnt war- ®ater droplets falliang vertleally embe the machies seat pat
ticnlly feiling Arip [mdverasly affect the oparstias,
wsnblnr !
2 Frotaction agatost drip | Water dropleta falllag sk oy amgle cp to 75T frem the vertical
wabter fnlling at & alaet |=unt ok adversaly affect the operaticn.
3 Frotectios againat Watar fallimg ot nay mngle ap to 600 Feoas the wartlical Sca® oat
aplanl water adveraaly affect the operntign™).
1 Frotection agnisnt ¥ater iopinging am asp=ny f=am nll directiona ngeinnt the machize
apray wabar mink oot advernsly affest 1ts epsratiack)s),
5 Trotectionr agninet A water et fnauing fro= the cozile af & hose sised nt the maohins
wninr jete frao noy diresctice ouat zet adreresly affaczk i=x operablics,
b Frotaciion ageimdt in the eveat of temporary flcadicg, #,5. 1n Leavs msnm, watar musb
Floading 2ol peasirate iots the oachine io gosncibties liable to enuns
dasapn.
T Proteotion againnt Wnter must pot pansbraks inte the 2ichlae i quactitises liakls

& roion ;ta Cwuss dzonge whem 1t fn inzermed in water wodes tha specified

IDr‘GHUTi and tlae conditions.

o

Proteckion mgainnk Water guet ot panetrate fnto {he  Sachize 4o genatities Lisbla
AuhRACSL0a | to cauns dzonge whem it 18 Aubeerged io water undaE na apacified
IDrbﬂHﬁ?r foF aay lecgih of Sime.

s sypan of proferved snclanure

The Zable balow contains the typen of snclomire moat soomanly ueed la Gernany for sloactpical
erchineap of thama, the types cost commonly ussd ictarnaticooally are eaphenized oy Leld trpe.

Frotactiocn againat Pratection sgninat imgresa af watsr
contacst amd lagoeam of Sezpnd rafersscs aupher
foreign bodies
fods lettsre amd 3 ]
firmt refersccs numbar R L z 1 * ] i L T K
Ira 1P 00 [0 I 1
ol
i IF | IP LU [ 1Pdes | ives |
1P & | IPIES [1P228 | 1P 25 |
IF 4 1P 44 1
TE i PS4 | IF55 | IFGE | g

%) Wuchines which are cooled bx an pxtarmal fan are fo be protected azainst scoldsptsl contackt wibtk she

By

b
el

fam by the fingers. Genarally Spmaklag this Cequiresact is sstinfisd 12 coctast wilh She Tamas of
blades of the fan by teat finper 1 GIN LOOSY g Pravasted. Motorm 4siving agriculbucal npplisccen,
omall machices ceed by traders, sxd domsstls sppliances say require mors sxtsceive precautioss againat
aocldentel contast.

The degras of protection specifled i thin Standard agaicst dust and bhe teaticgn far suck pretection
conform t0 Zemeral practice., Whas the trpe of dust 1a stated {mize aof particies g=d tkmdr characterie-—
ties, a.g. fibrous partielss) the test conditlons are te ke separately EEFand Satwasn pasufscturer
and custoRer mm DeceDEATY.

Far further detaile regarding wealher proof Eschines (additionsl latbar W] ses wadar Sectias B2

Far farthsr detalls regerding mackizan wity Flpe ve2tllation (additficnal labtar 5] ses vndsr Section &1
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Fege & DIN 48058 FPart 2

f. Testing for protection apaingt soptact and inpepan of forelign hedien
The testings for all degrees of protection &0 3o beo earrled out with the machiae staticmary.
Firat
refarence Teaticg
punber
(] lig teaking
| ! The testing i %o be carrisd ou® with o Boll with & dismeter of 532.5 mm which ia preased
| againet the taslng with & farce of 50 F ™ 5 kp.
The pratestlen in deexzed odeaquoate if the bni)l doen 2ot penetPatse fctoe the cosding and doan
| cot sake gontsci wifh intermsl live eor zoving purta.
4 Temtipg pesrforzed with teet finger 1 ond ifotecrpreted aceoedimg teo DIN WOOS1 Pare 1.
Tar the purpese of the teetiog the roter skall be turned alawiy oy Rued. Skafte ond similar
smoate parte are excepted froo thke testing. When the machines have o extercal fec, [oot=
nated) Sectioc 3 ehall be choerved. Io adéition, o bnll with & dispater af 12.5 pn must oot
peanstrate ipto the caming.
The testing skall be carried ouk with a stesl wire with o diszeter of 7 mz. Excliuded fros
the Testing sre cooling apertures {izle! sod outlet of extarpal fensl and condensstis draia
heles which are nllowed ko coofaro ta Na. 2 degres of protactisn, when The achines have sn
pxtarasl fas footrobed) ic Section 3 shall be observed. The pretectiesn 18 dsamed adequate
LI the wire does oot peaetrate into the casing [c.g. at joiptael.
a Tasting 18 perforged with the use of duat chamber 1 and is interprated ascordise %o
PIR Lpez Part 9.
i This fesilog is Lo be varried out anly on machinsa with o akaft helght up To 132 oz, Iz the
cage of sachines with shaft hedghta grantar than 132 mm the outcome of A festing carcied aat
oo a oachlos @f cdoparable demign but Azanller anoit height. La regusded ne ndeguate.

7. Testing Foo profection agsine% ingreas ol watss

7.1. Genersl

Tor the Koo 1, 2, % and 4 degreea of protecticn, sermibiny of the drawizng ia generaliy

adegquete.
talow,

In Bosrder line casea the testing shdald be <erried out oo the liase ladiceted

For the fin. 5, & and 7 degrees of protestisn, the testing siould be carried Sut in mccord-
ance with the counditlcooe stated for thesn levels of protection.
For Mo, 8 the condltiona for accephtance and, whers neceapatry, for testlng shall be agreed
bhetween menufacturer pod customer.
Tre teptings for all degreee of provection mre to be carrled out with the mechine stopped;
for Boe. & %5 & ther 38y elso ba cerried out with the Zachine runaing.

11 teptings mre To be carrled out with f{resh wates unless (Tates or agriecd to the contrary.

The walues atated for the testlsgg pnd concerning weter presaurs, quantity of water sod Siegs
Juretion as well me the dlsersaisoe of the epray plpea bave been specified as the ocutcoms of
thorauph ingestigation, It aneuld e noted that the quantity of water relates to a projected
aree of 4 o Egrallql with the awip of tha shaft; thia eres ig aufficlent for the EajoTity

#

of gachizan,

a4 mackine ase B Projected ares lavger than 1 B the apce quentity of wataer

pnd test duretion e regqrded ae edeguate 1l the tepting is made at =ll the critical pointa,
#.g. jointe, aesls, bearines.

e ——

2

Far 20, %) azd ) mes poge 3
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DIN 40050 Part 2 Page &

Srcusnicsl teating for protection mgninst insress of water

Sesan3 i
refecenzn | Tenting
nuzber |

il iz testing

i Temted with the drip applisces & 7 DIF LOOZ3

4 Tmatad with the drip sppliacce & 1 DIR LUQS3

i 3 | Testnd with the swivelling pips B i-... JIN acosay Sy
| i Teated with the swivelling pipes B l=... DIN hﬂﬂﬁjﬁﬁﬁ}
I 5 Tasubad with the apeay pipe O 1 DIR Bo0ET b

5 | Tanted with &ke sgray pips D 3 DIN 400537

— e s

For the purposs of khe testing tha machine in %o he l=seraed in water in such a Banmar that
the éurfecs of the water im pet leas thon 1 = above the fiziog fece of the mnchine and tha
bap af sha machine i pob lems thar 15 oz below the water. The duraticn of the tapting Lie
2 minutes.

Subject to pgresosnt betwesn mamafactursr and costozer the above testing may e superseded
by the following best 2athod; ) 3
The coming Lo tembed with an intarnst alr pressure of not less than G. ' bar ™GO, wplea®).
Tha duration of the teallps 1a 7 minute.

Tha pratesztisn afforded im deesed adequote if not alr eosrges duricg the testlng.

Egnrgracn af alr can be debtsched eltber by imuecsion, I8 wilck case the water must cosplete-
1y céver the =uchine, or by spphyisg a scap sslutlan bta bthe sachise.

-1

H The temt copditions are to ba nprend batwsen mamufacturer aod cusiozas.

— ———

b puxesaegmaznt
Tas protecilon afforded ia deesmed adesuste if the followlng conditicns are fulfl 1led maftar
sompletion of the teatings according to Section 7.2:
Any wate thet hng penetrated muet net intaerfare with the operation of the cachlze; windinga
nzd atho: live pasts Deat not bBe wet And any accumulation of water inelde the casing shell
ool Texch Auch parta.
v 1g, hewever, perzmiasible for the bledee of fane lnside the machine To be weT; ingrass of

watar alomg the shaft in mlso meceptable provided that arrengaments are maande for draining
auch waTaT.

I* *ha smcldne has been tomased while atationary, it Dust be run Zor 15 minutes at ne load and

rated wvolLage and then aubjected to a high veltage test. The tent voltnge in 50 % of the teat

valtagn fo0r m pew Anchine and not lenn than 925 % of the rated woltaga.

If tha zachiza hne besn tested while rusnisg, only the high veltage test a% tho voltage stpted
above ghgl’ ba cricled out,

T 4 e esag@maent

Uhp tpatls  la desmed to he panced i there 18 mo evidense of deoage nn delfioed in the test-
icg for Loocalatien in VDE 0570 azd in I1EC Publization M—7.

Trpes -0 enclosurs with additicnal lettera
. Mack:uee_with pipe veniilatien {sdditioonl latter B)

Tha Eotu.iv enclosesd machine which hes socling mir flewilpg through L%, il.e. is internally
cooled, fni cooliop alr aportuses whkich are copmected to pipes, ducte or pite) the plpes
ara oot L communicatlisn with the space whers the mackine la inptelled.

Expmplel 1F H 44

*y Gee page 3
&

s

Toetead of the teating with the swivelling pipe B i-...0IK L3053 a testlng nadag the spray mozszle C 1
according te DIN LODDSI Fart 3 may alse be sagrasd betweeo manufacturer and customer.

?J For Mos. % apd 6 the distance From the sprary pips D % DIN G053 to the 2achine has basn fixed at 3 m
4y the baais of experissce aoguired in actusl practisel iz erder to allow the apray ta ha applied

ta the Backime frea all direcktioos this distance =may be reduced.
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Fage & DIN 40050 Part 2

The IF ¥ trpes of enclosure are intended for imternells coeled oechines {degroc of protection
irferipr S LP G4) with extre protective [eaturoe for pperatizg im the open under apecial
cliratic conditicons. With regasd e protection agaiznas contact and ingreas of foreipn bodies,
thepn weather procf eachines aro subject So toe particulass in Jectiona 5, &, & and 7, which
are supplesented by the undermentiofed guide linga relating to design, pod are further
aupplemented in the caae af the IF W 2& epclesure by guide Llnes for gdditionnl testing.
Whers mocesEsr-, AlTADSOARNTE To provide protestion againgt icing ahall be aade.

frelosure IP W 2% &

Gulde lipes Tor design:

Batore it contects the componenta o be cooled, the cooling air drawn io through the cooling
pir aperiurea ia po Touted ilat it updergoes at least ong deflection b7 pot lesa then 309 and
expericnces velosity redunctliol.

Toaplet cd windiogs Duet Se able to withasasd the effecta produced by molature when expoaed to
pltezmated clizntic condltions agoprding % DIH 50016,

Componenta made of ireo gad aTesl mist be pretected againat ruaticE.

Pearing lubricpate avst be sulted to e piniDus and maxieum cuteids temperatura likely Lo
oocur ot the plece of imstplletion. The pemetretion of flos eand and swater into the boarizgs
ig made difficuls by the fittipg of severa oo o7 gprropriate design of The soalizng arretgefent:

Terminnl box design conforeza at leeat to the IF 35 tvpe «f encloBure.
Enclopure IP W 2%

Guide lines for dasign:

Apfere it comes into coptast with the compunenta bo ne cooled, the air drawn in and digeherged
through the ventileting cpeainga ia a0 toutnd toet Lt undergoes at least three deflections
through not leas than 909 each Gimeg thig preventa Lhe ingrosn through the ventilatizg cpei-
fnga of emall aolid foreign bodiea, conrse dunk particles, rain eod gpow drdven Dy ATTOGE 7
gale-force winda. In mdditben, the inlet routs foo tha cooling air must have & widenaed
portion so that the veloslity of the nir &% Lhia point 408p LOT EXCOEC z.8 mfa, thua enabl g
pry partvicles entrpined in the nir Lo settle,

Ipatead of thia aettling chember, remavable or othorwlise eanily cleamd filtarn may be
provided.

Ingulated windings must be atile to withstend the elfflrecta produced by moisTure When expised to
olternated slimatic senditions according o DI SO0TG.

Componente made of iroa asd steel mush De prosectod pgaioet rusting.

Bepring fubricemts muat be suited to the gininum ard maxizun cutaide temperabure likely to
cocur mt the place of fzatallation. The penetration of fine sand pnd water into the bearinge
ig prevented by the Tittipg of covars or ny appropriate deaign of the sealing eroefgerente.
Tarminpal box fesipr coonforms mt leaat Lo the I B3 trpa of eaclopurse.

Gutde lines for additionsl teating:

When fine pand in Freely thrown at the dachize oo deleterions effecta shell avisze threwgh
ipgresa of pand,

For typea of ¢nclesure; pratecticon af electricael npparaius ageinat accldesztal coatact by

preons, ageinat ingress of foreign bodiea and pgeinat Ingreso of water, general, see
IN 40250 Part 1

Explonations
The cottents of the présspt Standosd confers to o large exbent wibtn IEC Fublisstion 54-5, ‘6t Editilec 1963
RDFnting eluctrical maehizea, pnrt 5& degeees of protectico by anelasures for potating mackinercy. The
pain poiats of differense arn discussel beliw,

Undet peference nuzbes £, Publicabisn Th=5 containa bthe expresnion "czoll Toreige bediee'. In conforalify
with the bapic stagderd DIN 0050 Part 9 axd with 1EG Publication 14k, gt Edition 1963, howewer, Lh1-
Stpndard refere toe sedipossized Iornign badies.

e the Sectioe deuling with prefersed typen of enclesure, IEC Publicabios vaf caataioe ooly 7 typen. In
this Standard fiwe furkther types are sdeptified o Lo conoon uko.

Sup mdditigmal letter B for nachines with pips veatilation is oot contained in the IZC Fublicatiaon.
with pogard to westher proof cachiann, thp IZ0 Publication does cot siate any pguide lioes forc deslgn

aad for additicnml testing. These have been taken sver with anly oioor szesdBents froe the forzer Extract
Sheet.

The place and casmer af inetollation as wall ne Lhe geestion of oorese to the oachloe, ond posciulF.
spaoinl aperating eonditions sre the craitical Iectars detercicing which typs of enclozure acsording to
thin Stoodard ie¢ Ascecenry.

Ip geceral. reference shiould Bo @ndo to the Explanaticna ia BiN ACDnO Fars .
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Thedegrees of protection wsed wath theee-phase motors are designated vy a symbol conssting of
twso letters and tewo numerals, some designations including an additional characteristic letter!

IF fimernational Protection)
Letters designating the degree of protection agamst contact with live or mowveng parts
e the enclosure and the ingress of solid Toreiga bodies and water,

1a b

The first charactenstid nurmecsls designate the degree of protegtion of persons agsinst

conbtact wiih live or moving parts inside the enclodure and the ingress ol solid foreign

nodies.
Iio B

ingress of waler {no protection against oil)

W
and ti

supplemaentary code letters for special degress of protection

Poincipal degrees of protection for eflectrical machines:

A moine s al
Frgabin Ligen gyl
Leeniagi

lhe second charactenstic numersal designates the degree of protedion agoainst harmful

Hrwngn [STRTEIToS

[LETEN igree ol
[ELENEE SIS TR
hakerriplly ¥ 21

ventlatied

1 IF3F

P23

ol Fubiad - i 44
wizililaked

ith s Teragers

drad nurmeerat
Printe Linyin Alfpanat
AL

i - b Linidics
wanlndharm eiers
water than 13w

L ARTHI LA

SrFialen Obygecs

Eale't
i

IF SE

-II?'-Eﬁ-‘- §

S T

i
can be wsed

RL=El =l L O e TS BT FERT

L et
[FafeL D

wall Dodfies sl
cligimg Lo wcpr b s
Hidn 1 man

L= LRTETEIT T= R LT
Lating vertically

adepapinig wwabar |.-_|!||.'|.:_| A%
s lE e Lo 1R e om
i gar b gl

weataripayed al an
acicle Ut BE Lo the
wirdbin el

b spalanbied fegam
Aty e peLrarg

Probpe ficen sigainyd
harmitul disponty of
elusn

Bt L g ek
s ol diast

Husesbring ol Linzan®

Spedial degrees of protection

W for weatharproaf maclures:
Mhe addinanal lettar Wisinseried petween the lattes symbal P and the characlenstic protecioen
figuras, e.g IPWW 23 The lelter s applicable to machimes " Far wie ander speciumd weatber

canditioons and weth additicnal protective meaaees or gquspmant”

5 and M far protection against wates:
Faripecial apphications (e.g. open-type, apen-arout air-oalod machines on ship decks, where aie
imlet and outlet openings of the machines are closed during standstll) a letter can follow the
characteristic figures indicating wihethor the grotechon aganst harmful wealer Srley Is
cedtificated Or 1esied wilh the machine at standsull {letter S)oor ranmng dletter My

eea ter splasned 1ewm
Ay dirertian

wa e projected by a
raezie liom E-1a b
dir e

wr i frarm L [ELELE TS

[ETRY LoD WO AITER BN B
e e Do sy
[SIEETEEFTE

ok salb e gad uncdssr
fuwich ersuee snd foma
[SEIRHIE T ELY

I the case of heavy seas (tempeorary floading) only the nonventilaled motor type 1PE

Inthis case the degree of pratectian Far bath aparatng states ol the machere mst e speec fuaed,

2.0 1# 55 3P 23

Where the additional letters are omitted, 1the stated desgyrare

bsth states, i e rurning and at standstill,

I hre withinternational agreements, the
for pipe connected machinas hat Been omi

364

of protection is compliad with far

additional letter Rspeoifiad in the previows stansdards
tledin BDIN IEC 34, Par 5.



1. Protection of persons against contact with live or moving parts inside the enclosure and protection of
equipment apainst ingress af solid foreipgn bhodies

Pratlection apsinst contact with moving parts inside the caclosure is limited 1o contact with moving
paris inside the enclasure which might cause dapger 1o piradns.

Firs1

characicristie

murmeral

[hepree of profecLicn

= = ——

Ma aratection of persons against coniact with live or maving parts inside Lhe
cnzlosure.
Mo protection of eguipment against ingress of solid Teresgn bodies,

- e

Protection against sccidental or inadverient contact with live or maving parts !
inside the enclasure by a large surface of the human body, for example, a hand.
but not pratection zgainst deliberate access 1o such parts,

Proteciion against snaress of lagge solid fereign bodics,
See test sub-clause 91,

Proleciicn against coniacl with live or moving parts inside the enclosure my Angers.

Protection against ingress of medium sizs solid foreign hodies.

See wsr Sub-clause 7.2,

e i S L

Prosection against coniaci with live ar moving parts inside the eaciosure by 1ooks,
wires or such abjecls al thickness greater than 2.5 mm.

Pratection against wngress of small saiid forsgn bodies.
See 1650 Sub-clause 1.5,

Proteclion againsi contzst with lve or moving parts insids the enclasure by lools,
wircs or such aljects of thickness greater than 1 mm,

Protoction againsl ingresa of small selid Forsign bodies.

CE

See Lest Svh-clause 7.4, i

—

Complere proteciion against conlact wil™ live or maving pirts inside the enclosure,

Pratection against harmiui deposits of dusl. The ingress of dwst s nod tﬂlalli-'
prevented, but dust cannal enter i an amount suffcicnt 1o interfese with saLis-
faclary operalion of 1he squipment enclosed,

See (st Sub-clause 7.5

- FRPEA

— ey

S

Complete proeciion against cantact with live or moving parts inside the enclosyre. !

Pratectian against ingress of dust.
See 1950 Sub-clapss 76,

365



BE 5420 : 1977

4. Protection of equipment against ingress of liguid

Second
characieristic Dregres of proloctian
nurmcral 1
i
0 Mo protection.
1 Protection against drops of condensed waier:
Dirops of candsased water falling on the enclosure shall have no harmful efees
See test Sub-clawse 201.
2 Protectian against drops of ligquid:
Drraps of f2lling liguid shall have no harmful effect when the enclosure i tilted
at azny angls up 1o 157 from 1he vergical.
Ser test Sub-clause 8.2,
3 Proteclion agaimst rain:
“Wialer falling in rain at en angle squal to or smaller rhan &0° with respect 10 the
wvertical shall have no harmiuwl offzor,
' See test Sub-clause B3,
i
a Protection against splash:ng:
Liguid splashed from any direction shall have no harmiul effect.
See test Sub-clause §.4.
i
5 " Prorection against watler-feis:
Wizter projected by a nozzle fraom any direction under stated conditions shall havs
no harmiui «fzct.
See 1658 Sub-clause B.5.
G Proteciion agains conditions on ships' decks (deck watertight equipment]:
Water from heavy seas shall nor enger the enclesures under prescribed conditions.
See rest Sub-clause 8.6,
T !I Pratection againsi IMMMErsian in walsr:
It must not ke possible for water 1o enter the enclosure undes staicd canditions
of pressure and Lime,
Ses teuf Sub-clause BT,
S

Protectian against indefindle smmersion in waler under speciiied pressurc:
1t must net he possible for water 1o enter the enclosure.
Ses test Sub-clavse 5.8
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e b i e irt

IP X1 Xg

IP PROTECTION DEGREES:

| THE MARKINGS USED TO IMDICATE THE DEGREE QF PROTECTION CONSIST OF THE
LETTERS |P FOLLOWED &Y T'WO CHARACTERISTIC MUMERALS,

RESS OF SOLLD FORETGH BODELS u

[PROTECTION ALATRST 1

At PROTES]TOR AGRIAST R PROTECTION AGA[HST CEE
] lig protoction fo protection
= bisress ol large satids
~ | Fi; LR,
*n h ! ﬁwﬂm_cm goﬂdmm {greater | drops of falling liquid ']
bt I.r|“|..|...,.|. SR |_h.“_..__.. n_. _.;I._1 I | o E
Er TR .. ; ingress of medium 5ize drops of falling liquid

| solid foroign bodies
ygreater than 12 me)

ingress of smali solid

fareign bodies-
fgreater than 2.5 nm)

at any angle up to 15%
from the wertical,

water falling in rain at
any angle up to €0° from
the vertical.

liquid splashed from any
girection [360°)

tngreds of swall soid
fareiyn bodies
[oresler than 1 mm)

i

| wepnsits of dust waler-jets from any

:niwmnni¢= (360°)

_m ingress of dust . w

f conditions on ships'
A e P T N A SN S e _“..__m_.ﬂr.m
i immersion in water, (|
] indefinite immersion in
water under specified
e DressUTE,
Ciariderde:s OIn 40250 01 1: awg. 1970

[IEC Pubkl. 144 : dst ed. 1963 Marking : IP ¥y Ks

e ——— e i
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Table 1 Limaly of Tenperatwre Rise for Induction blachines (deg.)

: : " Class A insulae | Class E insula: ! Class B oinsula- | Class F ingula. | Class H insula- ,
iiin Parts of Type ol tion lion tian tion tinn !
Inductivn Machin entlisury —_ - “ : ;
T |k | B TR D i R |D|T|R|DIT,;R | ] ]
, Open type 8 |6 [es [ 7 || @ |8 |e 0|0 105 | 125 | ;m__
1, | Stalur winding Tutally-enclosed ! _ _ o
Lype _ R | 60 | &0 | 0| 75 [ TH | TS _ By | BO | B0 | 100|100 | 1O | 123 _ 135
— L T
; Open 1ype 50 | 60 E3 | 75 | W 8 BS | 100 105 | 125 |
rsulated rolos | _
Z | winding Tolaltyenciused i
Lype 55 _ &l | w75 75 | BO 5 | 100 14| 125 _
Iningulated ; .
d 3 Hn“ :.u e The temperature tise of these parls shall in no case reach such a value that there 1s 2
; rtaCirCuit i i . ; : |
_ R risk of injury to any insulating or other material on adjacent parts.
| winding , . B _
_ 4 ot | 60 75 80 " 100 HML
| _E:, Eq.a_ua.u her Open 1ype | |
mechanical paris, | . “ _
4. lin comact with or a4 Tutally-enclosed ] “ |
discent to insulated| type & 2 ﬂ Bl i 125 _ =
winding _ : N ! . i L. |
T - 1 = ] | H
iy e ! i { '
: nan.__."._c,n:_”__m and | | 6 | 0 80 w 90 |
_n._u__mn.am Tings _ . i ! i i
; [ Brushes zng The temperature tise of these parts shall in no case reach such a valve that there 1s 2
N brush holders | risk of injury to any insulating or other material on adjacent parts.
_ 40l degrees when measured on surface of metal
. Bearingy 45 degrees when measured by thermometers embedded in metal. When water.cooled bear-

m [Sell cooted)

i

| and manafacturer case by Case

ing or heal-resisting lubrication oil is used, aggreement ghall be made between purchaser

e

eln above Table,

e

"T" represents Ihermometer method "R resistance methed. "D embedded temperature detecior methed.
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Tatde 3.2 Limit of Tamporature Fase of Rotary Machines

wn

[urat el
S | e
Clnm A Clatx E Clen & [ Clais F (lwg H
|l ataan Imsintion Inglatian Inyulatian I rsutalicn
Item fiar) ol 1piery sepchine e f— i 4 e e e
fab IBb lel | 12 lbl irk la¥ Iy Izl Ia-.'l i e tabinl o dgh
= o Bt Y Lo S A A RS W AT R e o s e
1 Srater wending ol AL machine &n &0 60 EE! FLI '-”] a0 a0 E5 1080 '||:'-'.:' s 135 135
R e S e T T e e = e B ah e P Wit el i
I8 L Winding of srmature with commutetar B e B = |l e | g — '1D".1 — -
SHin DL ; . i ;— 5 )
28 | Inwilsied rator winding BB — B TR — W B - | B W] 11',_‘.5 ”5 =
Faasiief: T - ; el e f s e
34 | Muyltiple Lever Tield winding 50 60 - | 85 75 — | 70 BO — By 100 — s 188 -
"""" | Low resistance fiaid winding ani compnn- _ _ . e |
an b Tt &0 G PR a0 an 100 00 175 1%
TA0 | Espowd sings layer batdwinding | 65 B5 — | BD BO — |80 50 — | 110 110 — | 136 136 -~
| Field winding of synchranaus machine with ' i B ;
I0 | regssiee cybinddrics rotor fquirrel cagetype | — — — | — — — [ — B0 — | — i - ~ % -
rote] N
P Cars ar biher mechanicsl pait adiacent to B — — |1 — — B — = | — =1 — —
-nmlmd Mn:tlmg |
o S-Imrr |:|r|:u|1 mm‘ilngwnhﬁm m:u'lutu:-n |
¢ | corear ather méchnnica? part fol Temperatut® which does not cayse mechanicet hindrance and does nat caie
# | addjacent ta inslsied winding, beushes damage 1 insutsters nearby.
ed brosh holde,s.
G {:nmmutnburuwl!-lrp rl'lg & O o g ]_Hﬂ —_ — l b — = Lk -
— o . A0 e, E-whtn mesred at :urln?ig-'lm L when measured by 1Frl1|:lﬁla!l.rl!
o ddrtecting elament embeddid inb2aring omeial When, hovesver, Bwatergonel
T} Besnng isellcooled| Pagianig or heat-mesisting lubricant is adeqisd, the lemperatice limit has 160 e
{ agrerd upon lor svery particulsn cate betaeen he purchawr gad man Deiurer,
L e e
et lal Thermomeber mieihrsd lksh Mpsistamen mn iyl ek Fimbeddgml Irmperatuee delos lar rnethiod
[Henraske] 1 Ferry class al insalalian givee i this Gildo e Ihe class ol The impilalinn af te part giees in e calumn ol the coeees

pareting stem For eoampie, the chss B insedation loe tem G moans thal e ircalalon of the commiztates nl dip nng is
elags 5 ardd [ does aod peqn thal the insudation o e winding g clas B

Far e 1otally enzliied ype cossporgding o B D IZE estabilish P Deead gl e sbaes s a8 5 dig, o highet an
Nigpres masie by asterises 170 in 1his (ble

The mipmhar of the embedeied lenperatue deiec lang elenents gal be 3 or moee and those ferenis shald e sk 2l
wich positinns al adeqiale dislances in the girgemferente direction andin e ansd dustion, atb thoe piaces whing the
lemparaiere spems 10 be he hichest

Fwpr when a high class inpalale o adopted far the trermaiatnr af shinriag, tae imil ol erperaturg rise fon the e ol
wnitzifalion gl b pealiod i the Do class insalatiar o adagrad 1o ing wardang whc™ 68 0ry 2Inge 10 il Far examiyio, euen
wliprt g imdlgenn ol the cammidtabrs s class 30 the Deeit ol soigedatone foe gl ghe £ eowonatnt ha bnlee Mideg O ool
e clss Foansgibilapen of the plass B oangglalion o adoptegd G theowosdfing whigh @ ety Cose 130

(M b wirdings of ipeens AR angd 35 dhe resislasce method i anl suitabte o0 IBaEenrkfing alhich T danabl mpada Al
Tnrrs ared rany o Fores,

Thie lowe resistarce Sickd winding i it 38 meaes 3 Debd veedog dithosmalt ramber ef Sayecs 3t small sesissaree Foe
which [he whale cirewm lerence is insdiated frar peavegl & an it apale wind . EE':I?'S-'-"-'iI'r‘I:!'I;. 104

369



Tolerances of Jnduction Machines

{ [Lem * Kinds ~ Tolerances |
1 | a) Conventional efficiency (7}% 0.1 % (100- 1) %
(See 6.3, 6.12,6.13.)
b) Measured efficiency (7)% ~0.15% (100~ 1} %
Min. 0.7%
2 Logses (total losses of an asyn: +1/10% {guaranteed
chronous phase modilier] value)
3 Power [actor at the rated output ~1/61100- pfl %
(pf) % Min. 2%, Max. 7%
] No-lnad current + 310 (guaranteed
value)
5 Shp +1/5xtguaranteed valuel
b Starting current +1 /5% guaranteed valuel
1 Starting Torque ~1/10% (guaranteed value)
l A Break-down torgue — /10 % (guaranteed value)

Remark . Tolerances of ltem | and ltems 3 to B shall be applied to both the measured
values and calculated values [gircle diagram method. etc)
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Annex 4: Types of motor starting
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CONTROLLI NG _INRIISH

When ap AC inducticn motor if stagtted across the line, the electrical’
current demanded by the mobor h:l:st-ur:ut_:aneuusly reaches & value of Fiva
to six times its pormal full ledd renning currepnt; this is true whether
the motor iz fully loaded or wnloaded. This instantanecus increasce in
current is called inrush,

2y
200
a il
%
I i - |
B ] |
i i
E 1
L]
= ¢ 0
=
=i
=
Ja = 3 L 2 e
W | MDIOR T[r_ngE-_-_-,'E-__ —
o G FURE LOAD
e T S D
L] W = 3e ETE J:-__J'u g ;w0 "
% OF SYHCHHOROUS SPEED

igure 1. A.C, Motor across the line

Inrush occurs because the instant of starting the impedance of the motor
winding i1s very low . As the motor starts to accelerate, the impedance
increases , and therefore the current starts to diminish .

The above is true only because the voltage applied to the motor was held at
a fixed value . therefore | it becomes obvious that if the voltage applied to
the motor was reduced at start |, the inrush current would be reduced . Or
better vet , if we could gradually apply the voltage to the motor from zero
on up , the inrush would be zero

Orver the years | many methods have been developed and used to reduce
the inrush current , such as the autotransformer | part winding motor design
. 'way — delta motor design and in more recent years the reduced voltage
solid state starter . However, all of these merely reduce the level of inrush |
they cannot ehminate the inrush
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It 15 apparent from the curves in figure 2 that each has some degree of
inrush, Three out of four have two steps of inrush | each of a shghtly
different magnitude . the fourth , the sohd state starter |, has one level
of inmsh and this level being adjustable must be set at a level high
enough to not only provide the power to break the load away |, but also
to accelerate the load to full speed . This bring us to the real problem.

The problem is, the machine must be started and accelerated up to full
speed and still stay within the power line and inrush limitations.

It 1s therefore apparent that only certain kinds of reduced voltage
methods can be used with any given kind of loads
For all practical purposes. There are only three types of loads |
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For all practical purposes, there are only three types of loads.
( lalconstam torque , {2) variable torque ,and (3) high inertia loads with
which we have to be concerned .

Since the starting torque of an Ac induction motor varies as a square of
the applied voltage, 1t becomes apparcnt that not all types of loads can be
successfully started by fixed step functions. Obviously, the constant
torque type of load cannot be started by the auwtotransformer the part
winding or the wye — delta method. Not only is the accelerating torque
constant for loads such as conveyors, but in’ most cases the breakaway
torques (stiction) can be quite high.,

In contrast to this, the variable torque type loads, such as cenirifugal
Fumps, lans, etc., the torque required varies as a square of the speed.

L has a very low breakaway torque (15-33% of full load). Therefore,
most any one of the four reduced voltage means can be successfully used
to start this kind of load, Whether or not it would allow staying within
what ever inrush limitations exist is another question. This can only be
determined by the motor manufacturer and the kind of starting emploved.
Keep in mind that motor design and characteristics vary not only between
manufacturers but also from motor frame size to motor frame size within
a given manufacturer. the only way to be sure that the motor will start
and accelerate the load to full speed with any reduced voltage methaod is
o put the full problem on the motor manufacturer and have him provide
his recommendations . If the autotransformer method is to be employed.
The motor manufacturer should know and sanction the voltage steps.
A completely new concept in motor starting is now available which
solves the problem of starting most any type of load and still stay
within any inrush limitations. The concept uses the conventional Ac
induction motor in conjunction with a specially — desiened solid state
starter. the two matched 1o each other for the specific application. The
end result is the assurance that the drive pac.{gagc will start the load
and do it with zero inrush,
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The controller 15 made up of all solid state devices and the power
section consists of six SCR's (two per phase ) . A feedback lpop
measuring KVA

Controls the amount of power being supplied to the motor during the
starting cycle (see figure 3). The control is such as to allow an ever
increasing amount of KVA to flow to the motor on a time basis, thus
providing a rate of change of KVA to the motor (see figure 4).

When the starter 15 first energized, the KVA output 15 zero, As the
KVA increases to the motor , the motor starts to develop more and
more torque at some point in time, the motor will have sufficient
torque to break the load away . Since the KV A continues to increase,
s0 does the motor's torque, thus applying acceleration torque to the
load. When the motor is up to full speed, the KVA demand decreases
to the running level and starter is full on. This is shown in figure 4
where a pump type load 1s used as an example. The level to which the
KVA rises totally depends on motor design and the torque
charactenstics of the load

It 1s now apparent , by properly selecting the right motor to match the
load requirements and then match the starter to that motor | the moter
will break the load away accelerate it to full speed and do it all with a
zero imrush |
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SELECTION OF
REDUCED VOLTAGE STARTERS

To selact a proper reduced voltage slarler, can-
sideration should be ﬂi\lcn Lo requiraments of apgph-
calion which may e divided inle the lollowing throe:
I, Limiting starting current thraugheul starbing.

Transiticn 1o full valtege needs to be delayed
unlil just before the motor abtains full speed,
Whether accelerating is large enough Lo ascelerate
the load should be considered,

E. !_imil'ng lhe duralvarn ol flow of maximum corrent
dusring starting,

The mar consideration should be raducmng line
disturbance by 2horlering maximum starting current
mterval rather than by reslnsting masimom atarbing
curreni,

3. Prowviding cushioned slarting,
Starting terque is first limited, lhen moreased
T adually with, acceleration,

REDUCED WOITAGE STARTER SLLESTION TARLE

T

EFE:::E:T LabarfHG: STARTING | LERATIMG DURATIORN OF PROVIDIKG
TTPE CURRENT THROGH- FLOWY OF MAN CLURRERT CIISHEHED AFFLICATICIMNS
£3F LOrAD H""‘x T STARTINMG DURING STARTIMG ATARTINIG

| Motne Bl
Lolkes,  Jdesiling  —ucbkiner. kornag mackines,

1 sprdbe diiver ol milling machinay, gene ebing
mechioes, colimes el gesr cubling moghanes,
grinders, bond rom mochimes. peper grinders,

I fane aledfl driver.

W' pee et H A :
START AT K ol iia s Loading., Unfooding ard Tiampe:lation:
L% LAD i v rugh
218 Panckor Winchayr =itk clubch, copslar:, crushess,
wnlogders,
Spinning and Iooming Mochones.
Generpt Induitiial Machinea.

| Melar-driven Aachines

! M Sl

| Hod Machicres:

| Spirol pusgpt luibime pumps, volule pemps,

Epondpries -
SCHIARFD OF Karndorfer % v=a1k piate pumips, aziol-Hoe gempe,
e aclar
TORGUE LOAD Hecore W i Praumolic Machine:
Cenbrilugolfems, Slawery oo compragpeges,
azcal-Flee-lang, -blowss s and -gospe ciaarn.
o y ¥
i K B I + Lillieg- Cr ] H
GRAVITY LOAD | Rernderler . Rancros her e actar 0Lneh edein e e
' Karndoifer Winchet. lilled cnnvayee s, elawarars, sqcalolor.
j Fred Dwives:
P Haripealal sa i, 1 lling truck
FRICEICHN Karndnrier Karngorier :“‘“H o F e e
meckine foa
10AD Reorar Feaciar S | P
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1 ElecPric Droney
IMERTIA e el b Wye-delin Canlrdugal Sepormiary, Hydroesstrahos,
LoD Earndarfer Earrdarier Crank Peesaen
Remaris Reactar | Iwith small regultion larque celyl
START al Eorndaorizr Earmdarfar Kura-Keadlar  Seripracoling Pemps, Beciprocaleng Compesias s,
FULL 134D Braaton | Beacior Kornderler  Fratehlowers. Ealrudart.
Eope e Al | ST S ol 1 St r S R
IMTERBAFETEN D Kura-Feaclar | Lagm  Maockeoess. Winders, Pinch Ralless, Long
Loan Karmndarfar

Bell Conwersss, Chain Conwesnow.

Hple- Resisker sloeter pon be vied imfead ol

rraclar excepl where opplicalsant

mvalem dnprtie lood.
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TYPES OF MOTOR STARTING

Starting methods and
primary connections

Starting characteristics

Typical applications

Full voltage starting

BT T

_

s
al

ey |

Very simple

Both  starting current and  starting

torque  large, resulting in shortest

slarting time,

| Line disturbance and mrush curment
| large.

-Bhock 1o connected  inevitable  ar

slarling

General industry use |

WTE-DELTA

{Dpen rransition)

A

]

LI TCIE

L

-Both starting current and  starting
torgue small

-Starting current not adjustable,
Tur:%i.m increase and maximum lorque
sl

-Opening of circuwit during ransition to
Tull voltage may cause line surge.

Suilable  for  starting
motors with no load or
lighl load connected,
-blachine tools

RESLIFD
W TAGE
STARTING

KixRmDORILR
fClasad-1ramilign]

ANCET COu P LI ATEL

Starting lorgque dees not much

decrease it starfing current is reduced
slarting  cwrrent  adjustable by

antotransformer laps

. Torque increase small bt larger than

with WYE-DELTA starting.

- maxinm tergue small,

. smooth acceleration

-suitable for use where

reduction  of  starting |
current iz of  prime
consileration.

Pumps blowers

HEATTOR

L

S i |

R T,

T tet]

A anl B SO AR

Reducing starimg current sharply
decresses slarting torque,
-starting current wdjustable by reactor

| taps.

-torgue merease cxlremely large,
-maxumm  torgue  largest  among
reduced vollage starters |

-smcoth acceleration .

Suitable for wse where
WYE-DELTA starting
does oot provide adequate
acceleration

-used  where  cushioned
starting 1% reguired
pumnps, blowers

ELLIA

WOTOH

Omly starting torgue can be limited .
Starting torgue adjustable by reactor
taps .

- torque increase remarkably large .

. smooth acceleration

PREMARY RESASTOR

e B
==

& ATIRE COaLPLCATED

Suitable  for wse in-

strall moktors where
cushiened  slarling s
desired.

Heducing  slarting  current  sharply
reduces starting topguee,

. Btarting current adjustable by resistor
taps.

- Torgue increase and maximum torque
pretly large.

. Bmaoth acceleration.

Swtable for use wherne
WYE-DELTA slarting
dees not provide adeguate
acceleration.

- used where 1t 15 desirable
elimindte  shock to
driven machines.

Lo
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Annex 5: Loss of Head in Ductile Cast Iron
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Coefficient % for roughness equal 1o
Dhameter
() - | 2 —
k=01Tmm | k=05mm | k=1-0mm | k = 20 mm
s - T

G030 i 102 1-54 200 i 2-71
Q-0 Q-T00 104 1-34 ! 1-80
0-050 0528 R 0-985 130
Q070 [ 035 Q- 504 f 0-615 080
D080 0290 0-413 0-512 O-a80
0100 (222 0-310 0-380 0490
0125 0168 -232 0284 0360
0130 2133 0182 0-223 0280
0175 OEgo 0-150 0-180 0-229
02040 O-0935 0128 D-153 2190
Q-225 O-0813 o110 0-129 162
0250 0-0T710 0-096 0-114 0141
0-304) 0-0571 0076 0090 O-110
0-350 0-0475 0-0625 0-0735 00900
0-400 - 0400 Q-0530 [ Qa5 0-0758
450 0351 00460 0-0538 O-0650
500 ! 0308 000 0-047 i Q0566
0 600 | w0245 | po3zz | 0037 0-0477
0700 00206 i 0-0266 Q0307 0-0168
0800 i Q0175 00228 Q0260 0-0310
0000 R B3 -0l 9d 00225 00267
1 000 : Q0134 G070 20197 Q-0234
1 250 | Q0102 -0 30 0-0f 50 0-0177
1 500 ' 0-00827 004 0012 Q-0140
1750 | O-00686 00857 Crdpng ! 00116
2000 | 000586 0:00735 0-0084 | 000980
2 500 : 000453 O-0056 0006 | 0-00745

Range of speeds |

wilh good i

appraximation tledmis | lweldmfs | =1Imfs | = 05m/s

3—Tables of values of the loss of head .J.

In practice the roughness coefficients used most often are either
0-1 mm or 2 mm, or an intermediate value such that it is only necessary
to take the arithmetic mean of the two values of J corresponding to
each of these coefficients k (see page 991). The diameter of the meta]
pipes is standardized. The following tables give for current diameters
the value of the loss of head through friction J under the least
favourable assumption of water at a temperature near 0°C with the
maximum viscosity.
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TABLE giving the loss of head J in metres

as a frenction of the digmerer of the pipe and the wnearn velooiry :

(1% For new pipes {(k = 0-1 mm) and {2} lor existing pipcs
{k = 2 mm) (rhe temiperatuce of the warer being ar 07C))

PIPE DIAMETER - 4-04 m. FIPE [IAMETER - 005 m.
ipe section - O-000 2506 m? Fipe section @ O-0019435 mf
®enn AP T E A e Sl e~ Rl o P B ) WO Honr L
VDGR Head per meire : H::.td per melre
in al plm: I|:| gth Flevw of pipe length Flowar
merres | ———— I —— in in
s, P H FII'\I?rIj! |E.r:'!.'..‘-\._'xl:lc. ol v F.:l:i:-i-ii!‘lg litres fsec.
pgiEs H LS pies pipes
-l -a125 Q3196
05 ! 0 D&ER . Q-0982
030 0-125%6 - 1963
015 0 1HE4 - 21945
-0 0-G2E1S 3-2513 -0 590 i 0-3927
Q25 Q-Q0O3E3E - 3140 - 002358 O a909
030 0- 304320 O 2764 001248 {0 3890
0-35 0- B05649%4 DediNG 004261 0-00#>37 D-&6872
0-40 0-007242 | 0. 5024 O DO5E5] 0 Das 0 0-JES54
0-45 O-008966 | @-018576 05652 O- 006708 D] 3465 0-BE36
Q-50 G- 2861 1 D-0N22R6E - H280 D-0D0E115 O-D6538T O-9817
{-55 O-0128935 01 027 640 0 G308 0 DFGAE G 020046 1-079%%
- G0 Q33116 0-O32E50 0-7508 0-0F1340 0023526 1-178|
-G5 0317493 003852 0 A1 &4 0-0131 18 D-027%24 1-2T51
070 020072 - Qg 52 fF -T2 -1 5013 D-32374 13744
075 D QrETY] R RN el e i G 20 0 T30 [ Bl I - 4726
080 0- 025647 Q-D55227 RN D-D92i3 0-342210 |+ 5700
-85 0-028E68E1 G-0as74l 1 O6sT6 G-D2 S0 0-047a5H [ G&E0
0-90 -031845 G-073703 1~ 1304 O D23945 -053429 I-767T1
0-95 C-0351G0 | Q-0B2]114¢0 114932 O 02G4%G -D59524 1-8653
10l 0385348 | Q- 0909E] : |- 2566 O-Q29 55 G Das9ss 1-9635
T-05 0421435 O 130EIY 15194 - 031916 C-072710 20617
1-14 0046027 O- L1031 3322 0034782 O-079H0E 2 | .398
1158 - r500E2 0-120327 [-4451 0037750 0- 387229 & 2580
1 20 00542214 - 131019 1- 5079 O - L4084 0 S A9 80 2-3561
2% Q-05R535 G- 142157 1 - 5707 3-044 4§52 O 103354 2-4544
1.30 O-06a3011 Qe 153760 1-633% 0047 545 Q- 111465 P
1-35 O-0R7047 O L e5E09 [ e T D05 10%0 Q- 1 20200 25507
1-40 Oo0T2ALR D-17HIZ2 L5 B 0-054745 - 129271 2:T489
1-45 D-O7 7423 DT 251 R el 0 - 5E 504 Q- 1538665 2-8471
1-50 0-082570 O 204703 | BH4AH 02 IEG Q- (48196 2-9452
I-55 - ORTEGS O-218549] Po9d47a4 [.I--l'ilti{-.}?ﬁ 0- 154453 304354
16l l."-f-‘i.'!-:‘!?'! 0-232907 2 o0Gs 0070459 O- 16HE4 ] dopals
1653 0 DeERT4 - 247704 2-0733 O DTF4nR5d O 1T S68 5-23%7
P70 4] ]l.'“ld-hi’.-‘ 02624911 21362 - wTEas3 O 190G -39
1 7= O PassT O 2THGID 2150 OB 420 O 2P 3-4141
1836 el EEAT 00394775 I 260H P (AR O 20 D T8 3-53420
I-4% O-|22H93 Q311475 R B -0 2712 D-2257L%5 3-631z24
o 4129260 0-328420 | 21864 (- TE57 0- 238096 37306
195 135764 - 345950 2 - ddiil 0 10k487 0- 250790 1-R288
204 0142410 O 32 2-51 %2 Q-107526 - 263521 39270
2-05 0149244 O- 382347 7-57R0 01| 2665 a- 277175 4-02%1
210 00156222 G-40F232 JiGREE e 117220 - 290865 4-1233
215 G- 163337 - 420564 2-TE D 2327 i AT 4-2215%
Z2- 20 - | TORES {44034 2 27645 - F287F72 0- 39217 43197
225 Qe ITROAR - 260607 Z82XTH - 13421306 0333904 44179
230 0 LRETOR 0 Su | 290 2 88ES - §40045 0 Z3a8901 4 - Stad
1-3% - 19351H - ERZ4s? 2 GEEG - 1458063 0364255 46142
44 0-201470 G- 534458 J-0158 - 151 7HAG 0 3Te90% 47124
2-45 0- 209576 053468121 J-0784 Q- I57ETO - 35890 4 -B106
2540 Q-217815 3 36E830 11412 - 164058 Q-d1 2217 4 -9037
300 0-3074921 GoBIBSS 3-TR9E Q- 133025 O RO R R0T 5-83903
350 Q-4 4572 -l i4a%IR G- g Q- 32190 O F0Tads G-8723
4 -0k G- SAR204 1455703 e PR 1y B E-Q55242 78540

383



TABLE giving the loss of head J in metres

as @ function of the diamerer of the pipe and the mean velaciry -

(1) For new pipes (k = 0-1 mm) and (2] for exisling pipes

ik = 2 mm) {the remperature of the water being ar 0%
FIFE DIAMETER : 006 m, FIFE DMAMETER : 0-08 m,
- Pipe section : 0-00282744 e Fipe section @ 00050265 md
Lt B H ] T - = = _ N
velocity Head per metre [ Head per merrs |
in of pipe length [ Floa of pipe length Flow
mIATES - e — in in
Sec. Tl e Existing litres/ =oc, P ew Existing litras fser.
pipes | pipoes [rpren i ripes
i
-0l 0-0283 ! | D-0s03
0-05 0- 1434 | 0-2513
0-10 02827 0-000255 | | € sp27
0-1% O-000T53 4241 Q- 000520 | - TS540
0-z20 Q-00] 249 Qe 5A55 O-000RED O-aD1438 1-0053
-5 Q-00jess G- 7069 Q=00 [ 280 O-Q022103 [-2566
030 O-D02557 O-004713 O-BARZ 00T 0-3031 54 I 5080
035 Q-003564 Q- 006354 - TEDE Q- DOZ336 0304263 [-7593
040 Q-004277 Q- QOE2E2 I-1310 O Q02994 [ a0ss3a9 2-01086
0-45 0. Q05250 O- 010406 |+ 27213 - O0ATO2 0 QDEGED 2-2620
- 50 D-0D6412 0- 312803 | 4137 0- 004457 0033568 2-5133
0-55 O-00TEE3 0- 315486 15551 Q-005133 0013347 27648
0 - G - ODE0E 1 0-018174 16965 Q- 006274 O-0 2200 3-2159
- 65 Q-8R D-021520 1. 8%74 0 O0T2EG O-Dl4396 3-Z67T2
70 -0 ian7 O-024055 19747 0-DEST RS F- 1.5 31-5186
o-75 0-Ql1523 G-028612 2012006 - (g 50 009120 J-THYD
- 80 D-O152213 0-0325272 22619 O-010648 0-Q21733 d-02[2
-85 0317034 -DI5682 24033 SenrEeIn D:024515 4-2Tka
0 -00 Q-OIE9sS -0 | RS 2- 5447 O-01324% [-027458 4- 5239
095 Q020968 045771 Z-6861 O-01465] £- 0305940 0 TIEL
10 0-023064 Q-Q50715 2-H274 F-Dlatin D-0D331895 50266
1-0s D-025257 035559049 29658 G0 Tad4 G- DATIAT Ee XM
110 O-027 356 0061361 3102 O-0]o241 S-odinrr | S5[492
1-15 O-02004F C-087073 12516 0020906 - BddBIE 2. TROS
120 D-032418 D-073033 33920 0022625 048511 50319
1:25 0-034075 O-079242 35543 Q- 024420 | 0 05206 G-2E32
1:30 O-037615 - 0BSTD 36757 0-J26273 0-057243 G- 5345
1:35 Q-0403%2 | 0092426 J-HLT0D 0-028181 001372 G- THSE
1-40 0-043257 | O 099501 39554 0030145 OG04 34 TOQ37TX
‘1-45 0-D46204 | O 106624 | 40908 Q32175 Q-071261 T 2E35
1-54 492558 G- 114104 424812 0334261 076262 TREUE
1585 0052392 0| 2j348 41828 0336478 | 0081434 7791
1 &0 Q- H55606 - 129828 a4 Z2ID 0-338753 0 RETED H-0425
165 0-DSE90Z | 0-]18075 4-6653 0-041093 | 0.Ga2283 82937
170 0-062308 | 0 46564 4 - B0 [ Q3450 0-0u7ess | g 545
1-75 0065796 G 155320 4-04ED g 5052 | Q- 1o3gn7 | He7aas
1- 80 [ R R O 164314 5-0E9G 08459 O- 139818 S Dd4TE
1-85 0073003 Q- 173568 | 5-2358 OO T0ESG | 01 T6a003 I Q-200L
1-90 0- 076750 - 1EIR0 | S-3T21 005375 O-F22150 9 5505
1-95 0 080625 0- 192841 5-5|45 Q036472 | 01285k 9B0]R
T-00 O Q84576 - 2Z0ZRE] | 5 oB540 Q-039253 - 3135580 13- D52L
205 O 05E607 Q-213129 | 5-7T0hL3 G-0631 18 0- 1424435 180 - 3044
10 Q092722 0223656 5-9175 - DEAEG 0. 14%479 I} 5558
1-1s Q- 0AES |4 0234432 O - 070 - DER52 0 LEGEED 10-807F1
2-20 O 131266 0:245457 H-2204 O-D7 1074 0 164049 11 Q584
2-25 O IDsTID 0- 2546749 G 3617 e BR i) a-171527 I 3097
2-30 O fr23g - 2682582 AN T O-O7TI50 - 179304 15810
2-35 0114844 0- 280072 Gohdd s O 0574 - 187184 118124
2-40 O 119540 O-202122 G TR - DEABST O 185258 120837
I-4%5 0124318 = 0. 304420 (SRR edr e Q:DATI96G - 203457 123150
Z-50 O | 29176 0- 316087 T e A 0305 (211842 12 5664
3 d DRI 0-4564%8 84823 0- 128731 05 305056 150795
3-50 O 246 10 D-621258 G BARD Q: 1 FIRTS 041523 175928
4- 00 D-31ETAD O-FE11442 11 WHIg 0- 224268 0: 542321 200 1060
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TABLE giving the loss of head J in metres

ax a funciion of the dicineter of the pipe and the mean velociry .
(1} For new pipes (k = 01 mm) and {(2) for cxisting pipcs

ik = 2 mmm) (the temperature of the water being ar 0°C

PIFE DMAMETER @ 010 m. PIFE DIAMETER © 0:-125 m.
T Fipe section ;3 O- 007854 m? Pipe section @ 0-012272 m:
Mazan sl g S L ] SRR s . M ) AT s T
velozity Head per metrs Ilc ad per metre
in of pipe fength Flow of pipe length Flomwr
metres,’ in in
5o, Py Existing litres  sec, T Existing litres, sec.
oGS eF]aFErs plpes pipHs
[

-t 0-O7TES -1227
o-05 0 3937 =' 0-6136G
0-10 0 00 0-7854 D000 [ 44 Q-Q03207T | 1-2272
Q-15 0 G0a353 0 QD004 E-1T8I O 000259 ] 0- O00E45% [-3408
Q20 - 00e41 G-00L054 I-5T08 0 Q0048 G O-000783 24544
a-25 O - DOV 56 L G-D0E622 i-96315 00726 00 F 204 3-0650
0-30 Q-008 335 O-D02313 23562 0 ) | Q0% | Q-00iT12 J-nHLG
0-35 G-Do1Tes 1 G-003120 2+ T4E9 O-D01330  § 0-002311 42957
- 40 00022348 5 O-D04060 1416 G-00FTOL ¢ O-003004 d - GOER
-4 Q- 002THA G-005111 35343 Q-2 104 D-0037THS 58224
- 50 O-0G3 370 O-0062EL 22270 D002 548 QDA 658 G- L 36a0
-55 O D004 D- 007584 453197 0 Q030375 Q005618 G- 7496
- 60 - 00aT07 [ 0G0k 47124 0 Q3560 006565 T-3632
065 {1 (H) 5447 0-010543 a- 1051 00420 0 OTERD T-OTER
-7 DG Ea % O-D13215 504978 0-204726 0009037 K- 50904
075 0 - 0TS0 0 -0 Q00 5 B905 0-Q05369 O-D10356 Q- 2040
0 B0 - 0798 S O-0raa] | G- | K30 - G0605% Q-0 765 9-8176
-85 - D083 [ RN At Y i G- AT T Q-D05765 O-Q1L32TS [-4312
090 O D09 1) I Q020008 T 06Ea Q-D07531 1 O-DI4878 LI-0a48
095 Q-0 ORI E G 022302 T 4613 O-00E332 i O~ DIGSAT Fi-6534
i1 Q-0 200G 0-024822 T RA40 G-009§6a o B-0FE334%9 12-2720
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TABLE giving the loss of head J in metres

as a function of the diamerer of the pipe and the mean velocity ¢

(1} For new pipes (k = 0-1 mm) and (2} for cxisting pipes
(k = 2 mm) (the temperature of the warer being ar 070

PIPE DIAMETER : 0150 m. FIPFE DIAMETEER : 0 200 m,
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prpes pipes Dipes | pipes
00 Q- 1767 D=3142
005 - 000034 0-3836 O DO00E4 O - 00030 i-5708
01 0-000814 0-000163 I=TaTi Q- 000079 000110 1416
015 0-DO0232 Q- 0Oa352 26507 G-000162 - 000218 4-T424
020 0 QOO5ET 0- 000612 35343 O- 2T LERR N1 0 E N e ] G- 2R3
025 0000578 - 0094 | 4-4179 O - Q400 O 00a36 T RS540
] 0 0080 0-00) 336 5-3014 0000557 O 000903 9-4248
35 0 O | ED Q- QOre10 6 1850 O-030736 0-0012E7 10-9958
040 0001551 0 02347 T-DOEG 0 - 000940 0001581 12- 5664
045 00674 0-a02948 T-9522 0-001 169 - 00 1989 l4-1372
050 O-302031 0-203A22 E-3357 O-0H 1428 0-CH 445 157030
(55 0- 002421 0-004374 9-719% 0001692 00 002545 17-2788
0 &0 0- 002842 0-DOSEE? |- 5029 0001 %86 000345 18- Babg
065 0032483 - O0G070 I E-4865 0002298 O OE080 204204
070 0-D037737 Q-QO7028 ! 1Z2-3T00 0 Q02642 LR T 219012
G-75 -4 2580 0 HO8054 i | 3- 2536 - Q02996 O-00542173 235620
-850 0 Q04834 0-Q09E55 | [4-1372 0-003376 O-00618 | 25- 1328
0 8s O-0s5411 0-0I032% & [5-0208 0-Q03TE4 G- Q0e9Ts 267036
03 -5 0-008017 001572 | 15-9043 0004212 T-007R24 0 282744
0 a5 006652 0012883 | I16-T&79 0004658 I 0008717 | 2u.R452
100 O-00T7316 0-014268 | 17-6715 O-003122 1 0D-009659 Al 4160
1-05 0 CHOECDG 0:-015722 | |18-555D 0-G0SG D O-0i0E4E | 329568
1-10 0-e0ET I 0017247 | 19-4186 0 0E | 39 0011686 34-5574
1-15 0-009487 | O-01RRLE 2032232 0 O0&ARD 0012774 A6-1284
120} 00271 O-0I52T 20- 2158 0007 2d ] 0-01 31909 A7 69GT
1-25 OG-0 FORS | 0-02227) | 220843 M-O07E21 -0 5082 392700
I - 30 O-01 933 | -02409 | 22-9729 0-G0E424 -] 6324 40- 3408
1-38 0-012813 | 0-01599% 23565 0 Goe0sT 0017503 TAZ-41(E
1 - A 0037264 DTG 24 T4 Q- 0eea s 0-01893) 45 GRS
1-45 0 DIE66T | 0 02970 256237 0010362 0320307 45-5532
150 G0 5642 3-033072 ! Ig-5072 00 1045 0021737 471240
155 OO 6645 0-034248 0 27- 10908 0011756 00231206 45 -G8
1- 6 001 TR G-03649] | 28-2744 -1 2480 0-03472 50- 2656
1-65 Qo0LETE: O-03R809 | 29-15B0Q 0-013232 0-026297 S[-8364
1-70 O-0E9848 To0411%5 L 30-044% 01 31400 0-D2795 3 53-4072
1-75 20200970 0-043655 I0-9251 0014790 0-D2258] 54-9TR]
1-80 £-022129 0046184 | 31-EORT -0 5597 003 | 294 56- 548R
-85 Q-023117 0-0437T85 | 32 4922 0-D1ad42a - 33056 SE- 1196
I-90 ¢-024513 & D.351459 | 335758 001 F268 (- 014868 59 5004
[ ) 0025777 1 0054202 1 34 4504 0 DiEps] - 038727 Gl 2612
2-00) 0027062 1 0-05701R 353430 0019032 0 3384635 61 B320
08 0-025374 (- 53005 362265 OS2 0 058 i 4028
Z-10 0-020716 0 062EG3 17 101 0-D20RR2 0- 042596 659716
2-%5 Q-85 | O-D&e5E92 AT -TAT O-028541 1 -D44548 067 - 5444
2-10 0-0332497 | 00689 | 3R:§TT2 0-02ZE31 | O 046748 | &69-1152
1-1% Q-032%45 | 0-072165 | 397608 0-023843 | 0 D4RR9T | T0-6BED
a0 0035451 L Q075406 | 40- 6444 Q-024873 5 D-0510%% | 7112568
1-35 Q:O3I65LY 1T 00787 | &1-5279 0325924 | O-D51340 'I TI-HZ7G
I-40 0-038441 L 0-082107 | 42-4115% 0-026981 | 0 055635 | 75 3984
2-45 0-009998 ! 0-085564 | 4302951 Q-028071 | 0 057978 T D62
I-s0 0 0471%83 - 0R9090 441787 0-029180 | DoOA0XET | TH- 5400
300 0-N59023 G-12E291 | s3-00as O-04 4400 O-0REY2D | 04.2480
350 0079296 | 0-174618 Bl 8503 0-055757 | G 118320 | 109.9%6
4- 00 G- 102483 | Q- 22BOTD | TO- GRG0 O-07205%1 | o

154541 | 25 664

386



TABLE giving the loss of head J in metres

as a function of the diameter of the pipe and the mean velocity :
(13 For new pipes (kK

= -1 mm) and (2) for existing pipes
(k = 2 mom) (the remperature of the warer being at 0°C)

PIPE DIAMETLER : 0250 m. PIFE DIAMETER : 0 300 m.
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TABLE giving the loss of head J in metres

as a funciion of the diameter of the pipe and the mean velocity @

(1) For new pipes {k = 0-1 mm) and (2} for existing pipes
(k = 2 mm) (the temperarure of the water heing ar 0°C.)

PIPE DIAMETER 1 0350 m. PIPE DNAMETER @ 0-400 m.
Pipe section ;@ O 0962115 mi Pipe section : 00 125664 m?
MMean ¥ — | s r——
welocity Head per metre Head per metre |
i1 of pipe length Flow af pipe length Flow
metres in [ in
e, Mew Existing litres fsec, B Existing | litres s/ sec,
pipes pipes pipes pipes i
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as @ fonction of the dicmeter of the pipe and the miean velocity ;

(13 For new pipes {k = 0-1 mm) and {2} for existing pipes
2 mml} Lhe remperarure af the water being ar 07

(k =

TADRLE giving e loss of head J in metres

FIPE DIAMETER :

O 450 m. FIFE IMAMETER : 0-508 m.
Pipee section @ 0 (590435 m* Pipe secticn @ 0 (2635 m?
Mean e |
vebocily Head per metre Head per metre
in of pipe length Flow of pips length Flow
maEtresy | — Yo 1 = in
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TABLE grving the loss of head J i metres

as a funetion af the digmerter of rthe pipe and the mean velocity

(1} For new pipes (k = 01 mm} and {2) for existing pipes

ik

2 mm) (the temperarure of the warer being ar 0°C)
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Szt Mz | Exmisting | fitres fsec, Pow [ Existing litressec,
pipes ! pipres | pes pipes
0-01 i 2-8274 ! 3 B484
h-05 0 OO0 0- Q00T | f4-1372 O - QOO0 5 O - DOO0G 19-2427%
- 10 O Q0020 0-Q00a2a 2E-2744 OO0 T - 000022 AR 4346
- 15 Cr - Opona 1 000056 42-4118& 0- 000034 Q- G000 7 572260
- 24 00 006S Q-30009s 36-348E - DOO0ET G- GOOOED To 9pG2
025 O B0 LS 0-000i49 - 6260 G DOGAET G-DO0IZ3 S6-2115
0 - 0 O-0D0 46 O-000252 Ba-83232 G DO312] S-DO0LTS LE5-4653E8
0-35 0 OD0I93 Q- Q00287 | S -Sa04 O-D0G 160 G-000236 34 6061
1 - 40 Q00247 0300372 | LEZ-0D976 C-000205 | O-000308 E53-9384
45 0000307 0 D004 RS L27-2348 O-000255 | D-000387 ET3-1807
150 0-OB0372 O-DO0577T | L41-3720 C-000309 1 D-000473 [92-4230
{1-55 O 000443 0 - BO0GS 7 | [55- 5092 - 000368 D-0005T7 1 ZEN-6653
LU L4 ] D-00521 0- 00827 | 69 - G464 D004 | 0-0006T9 230-90T74
a5 O 00605 0 00269 [E3-TEIG - 00002 : G- DO0TSS 250 149%
- Th O 03069 5 0-00) 122 197 -9208 C-O03ETE | O-D00921 2693922
0-75 LERR NS T islq] -] 2E7 21 Z2-05380 G- 0006855 Q-D0I05T ZER - £345
- 80 O QCHg 9O D001 463 2Xa- 1952 G-DOCP IR G0 202 07 - BT6R
-B5 O - OOHMGSG D-00 1651 240- 33124 G-D00R26 OO0 35K 327-11%1
0940 - 0007 0-001849 2544605 Q-Q09T L - 52 46 3614
3-95 O Dopadi Q- 002059 268 - 6068 QOOE31s Q- ODIGRL 7 A&5. 6037
1 -04) 0.0 541 0082279 2R2-7440 G-D0LE1T O-O01EEQ | 2184 8460
1-0% - 4E72 D251 3 20h6-HEI12 G-001224 O-0020688 | 40408382
1114 AR I8 H R Ea LT Q-2 TEE l Jll-0184 O-001338 Q-Qo22TE 425 33048
1-15 001750 O QO304 | J2A5-15%4 O-00d 54 0- 2482 442 - 5T
1-21 -0 RaT O 5 2E2 IAG2O0RE G- 008567 0 200 461 -8152
1-25 [ RN e 4 Y L5 LA BT 350 3000 O D EGHE 2034 AR -{0575
I - iy O D0 2 20 LERRN A Bt IGTARTE OQ-00EE17 QHITE | 2002998
- 35 o DN2372 I (g | 54 L el T Qe D EOG6G O 2420 | 519-542|
[ 11 ] -2 54 o Orad4a7 Ius-Baln O 002084 O CHAAED | 538 - THAL
I 4= G002 5 LD-¥kT92 1 409 -97THE Q0022258 Q- 083050 558 -0247
Fes0 - 0G2890 D-0051 28 | 424 - 1160 O-002374 Q- 223 577 -2690
I-55 O O030H2 0-O05456 41E-2523 Q-002528 | 0-004512 5965113
T - 60 Do0Q327T3 0005815 352 3004 D-002681 | 0-004B84 GE%-T536
1-65 LERR WD T 0-D6205 466 52Ta O-002840 1 0005115 634-2950
1-70 O 03673 0-HIGSET AHD - GA4H O- 00301 2 O- (A4 3T G5d-2382
1-75 0003379 O GDESED 04 - 8020 0-003131 0-003750 | 673-4B05
i-80 O O3EN9E Q-7 iEa SR S92 - 3I156 Q-00e0Ts | 6927228
[-8% - 0k 300 O-CDTE20 | 523 0764 0043530 O- Ghed 24 711-9651
P O-034533 0008228 | 537 X136 - Q0374 O Q0ed TS 312074
i-95 Q-00dTA 1 Po0-00Es06 | 5511500 0 eas g D076 TE50-4497
- O-034%9% | 0-009117 | 565 -4K80 O-O04088 | Q-007S508 TH9 - 6320
2-05 L0234 1 Q-009578 | 5798252 0-004286 Q-0 7RIS THE-D343
2-10n 0005477 F 0 001005 | 501-Th24 (F-D04454 0-00R277 g208-1T66
2-15 0 (WET 24 - 035836 0 60T 3008 O-D0468 6 - 008673 BX7-4[RY9
2-M O-ODE9EE G- IRAL | 62X-0368 G-DN04E59 0009089 B46: 6612
225 - r0 2t G-01is53e | G161 740 Q005103 000502 BEES 09015
2-30 [RERIN L ] -0 2057 I G50-3122 O-005322 O - O ES5:- 1458
Z-A5 0 DETRS -012587 G - A5 0005547 0- 0045 Q04 - 3951
140 0 GOTOHE G-013128 GTHE . SH54 0005773 0O ERE0S Q5 - 6304
245 O-GOTis53 013681 Y2 7228 - 0D3s010 [ Q-011268 O42-5T27
250 - 007645 F-014245 F06E - BAOD Q-006248 | 0O-0P5T731 SE2- 1150
.00 Q- 0Eal G-020513 248-232 Q- DOERET 0- 0600 B, 1545380
.50 O-0D14610 G-0Z273920 TEG - 604 S-011925 022997 1.346-9610
4.-00 0 Q1 &E9] G-03/476 P1L130- 967 O-01 5435 I 0O-0304 10 1,539 3840
1

390




s a fencrion of the diameter of the pipe and the nrean velocity 5

(1} For new pipes (K

TABLI giving the loss of head J in metres

=01 mmt and {2 for exisling pipes
fk = 2 mm) (the termperature of the water being at 0y

PIPFE TMAMETER

Pipe section :

- K00 m.
O 502558 my
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IPipe section

0-900 m.
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Mlzitn —_— e e ' - _
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ax a function af the diameter of the pipe and the mean velocity :

TABLE giving the loss of head J in metres

(1} For new pipes (k = 01 mm) and (2) for existing pipes

(k = 2 mmm) {rthe remperature of the water being ar 07C.)

FIPE DIAMETER @ 1-000 m. PIPE DIAMETER ; 1250 m.
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in of pipe length Flow of pipe length Flaw
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TABLE giving the loss of head J in metres

as o funcefon of the diameter of the pipe and the riean velocity |

(1) For new pipes (k

(k = 2 mm) {rhe remperature of the water being ar 0°C))

= 0-1 mm? and {2) for existing pipes

PIPE DIAMETER : 1.500 m, PIPE DIAMETER 1 1750 m.
Fipe section - 1-76705 m* Pipe section ¢ 2-40%2E1 m*
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velocity Head per metre t Head per metre |
in of pipe length Filow of pipse length Flow
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TABLE giving the loss of head J in metres

as a funcifon of the diamerer aof the pipe and the mean velocity

(1} For new pipes {k = 0-1 mm) and (2} for exisling pipes

(k = 2 mm) {the temperarure of the warer being ar 0°C.)

FIFPE DIAMETER :
Pipe segtion @

2

-000 m.
3141592 me

PIPE DIAMETER ; 2-500 m.
Pipe section : 4 908738 m?

[ =N T T — -
velocity Head per metre Head per metre l
in of pipe lengthy Flow of pipe length I Flow
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pipes pipes pipes i pipes
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