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ABSTRACT

The use of variable [requency drives (VFD) in pumping varigble<duty requirements
provides the user with a variety of benelils. including petentially sigmificant encrpy saving and
improved reliability achieved by means of speed reduction. Energy saving are primarily realized
by running the equipment at high levels of efficiency and optimal operating specds, marching the
generated pump head to exact system requiremients without the use ol energy consuming control
valves, Running pumps at lower operating speeds also positively influcnces component life and
between mainlcnance intervals.,

Supervisory Contral and Data Acquisition (SCADA) solutions provide a base for
more reliable operation ol water systems and signilicant operating and financial henefits,
both, which are important to utility management, 7 hey provide means lorincreasad
productivity, reducing the number of failue events. reduced losses due to damages and
minimal losse: of porable water. System parameters, which are communicated via Ftkeriet
netwark present true conditions, and commands sent from SCADA Centrals 1o remote sites
that are aimed to achieve vptimal, reliable. and safc operation,
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Description Abbreviations
Supervisory Control and Data Aequisition , SCADA
variahle frequency drive Y40
variuble speed drive VSn
Pragrammable logic contraller , PLC
Net positive suction head NPSH
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Industrial control system ICS
Personal computer . PC
Remote terminal unit _ RTU
Field data interfuce _ FDI
Master ferminal unit | MTU
Man machine interface MMI
Human machine interface _ M1
Bit per second . BPS
Input foutput ; 1’0
Communicativn module ; M
Gallon per minute f GPM
Revelation per minute | RPM
Besl efficiency point ' BEP
Horsepower HP
Master control center : MCC
Return of investment RO
Time off use TOU
Delano-Earlimart Irrigution svstem DEID
Saualito irrigation district . SID

X




Chapter one

General Background

%

1.1 Introduction

1.2 Project aim

1.3 Literature review

I.4 Project main component
1.5 Project cost

1.6 Timing diagrams




I.1 Introduction

Pumping systems account for nearly 20%; of the world's eteray used by electric motors
and 25% to 30% of the total electrical encrey usage in certain industrial facilities " The nim of
this work is fo design @ Supervisory Conrrol and Data Acquisition (SCADA) system for
managing the wager pumping rate deeording to water consumption requirements 1 Aleg
significant opportunities exist 1o teduce pumping svstem €netgy consumption through smart
design, retrofitting. and operating practices. Tn particular, the many pumping applications with
variable-dury requirements offer 2real potential for savings. The savings olten go well beyond
energy. and may include improved petformunce, improved relishi Ety, and reduced life cvele
COsts.

or pump speed adjustments. The most etlicient of these ix pump speed control!'. When 4 pump’s
speed is reduced, less energy is imparted to the fluid and less energy needs 1o be throltled or
bypassed. Speed can be controlled in a number of ways, with the most popular type of variable
speed drive (VSD) being the variable frequeney drive (v D).

A SCADA system has been designed into the water pumping  system that will allow for
the most efficient operation of pumps and together with the VIIDs canirol pump speeds based
on flow rates and levels!”, [hega features will help optintize system performance and provide
for increased efficiency. Additionally the system will allow for automatic angd remaote menitoring
and control of the system components from a ceniral location.

It ean be assumed thal the additional annual savings in elecirical usage due to the installation of
SCADA to increase electrica) efficiency of tha VFI) s i 3951

1.2 The proposed projeet uiming at:
1) Get familiar to SCADA system application . and its use in some applications.
2) Reduce the conswmption of eleciric power,
) Verification of positives uses V I'D puinps compared with the primitive manner,
4) Usca PLC and a SCADA 1o control a system.

1.3 Literature review
I'here are several smuidies that describe SCADA and VED Pumps system some of therg:

L. Control valve versus variable speed drive for flow control

Control valve versus variable speed drive for flow control js study  for
Muhammad. I1. Al Kifalifa snd Gregory K.Millan™ An introduction 10 process svsiam
and centrifugal PUMP curves .a variable speed drives overview - wffinity laws \when 15
use variable speed drives loop performance advantages | and application watch-ouls,
Variable speed drives ean increase process efficiency by reducing energy use and
process variability, the saving and greatest for large flow systems high turndowns |
ditticull process fluids . and extrenmcly sensilive processes . however. engineer with
mechanical | electrical and control skills are needed to ensure the total svstem design and
implementation will not result in bearing or noise problem and process oscillations or
overheating at low flow Selection of centrilugal pumps for an application requires
evaluation of pump performanee characteristics against the process requirement or




system curve . pump characteristics are tvpically deliverad by pump manufacture
in the form of graphical format called characteristics curve, These curve provide
mformation about pump performance in term of total dynamic head , brake horsepower |
net positive suction head required(NPSHR), and eificiency for the capacity rangs of the
pump plotted figure (1.1)
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Figure 1.1: Centrifugal Pump Performance Curve Ml

Before proceading to pump selection, the head - Now curve for the piping svsten

curve s called a svstem curve as
ally represents the sum if the statie head and dynamic head
head is u function of the elevation difference
ressure that the pump is operaring against. The
from the fluid that results from (ke piping”!

that is being pumped into must be defined, This Lype of
shown in figure (1 2) and typic
that you need v pump against . ‘The static

betwecn suetion and discharge and the hack p
dynamic hiead represents the friction Jusses
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L. Beit Lahia Wastewater Pumping Station

Palestinian Watey Authority conducted a Northern Gaza Emerzency Sewage Treaiment
(NGEST) project'. [t targets 10 drain he existing effluent lake and convey irs partly treated
effluent to the new Wwustewater treatment plamt site (WWTP). This rroject controlled and
monitored by SCADA system implemented by Prol, Mohammed Abdelati. This svstem is
considered the first SCADA system applied in Gaza strip 1,

3. A SLPERVISORY CONTROL AND DATA ACQUISITION (SCADA) FOR WATER
DISTRIBUTION SYSTEM OF GA ZA CITY

This project is done hy Eng, Ayman M. Alihussein from Gaza it consider design a
Supervisory Control and Data Acquisition (SCADA) sverem [ir managing the water pumping
stations in Guen, This system is expected to increase customer zatisfaction, reduce waler
distribution cost and provide an accurate overview of the plant's operations. Marcover, SCADA
stares valuable information about the waler system performance, This data is necessary for
efficient development of the existent distribution system in a way thit meets population prowth,
I'he pumping set is protected against low level water i the aguifer by means of dedicated
sensors. Every year, Gawva municipality installs new well bumping stations to compensate the
increase consumption of water due 1o the overpopulation , so throush two or three vears, lhe
number of well stations may reach 60 well stations or more, The water wells arc conventional |y
comprises of 2 pump, 4 chlorine dosing unit, a water manifold, an electrical switchboard, a sand
irap and a slandby diese] ge Rerating set.

The distribution sysiem depends mainly on direct pumping from the wells to ths
distribution network, These pumping stations are manuged manually through operators wha are
located as three consecutive 8-hour shilts along the day. Decisions are made accirding to
observations and leedback which is delivered through phone calls between humans. An aperator
is allocated for each pumping station apd he is in charge of running the station according to
phone call orders voming from the responsible department in Gaza municipality, or according to
a4 predefined time schedule. There is no autoinated centralized manapgement and there is no
computerized alarm logging and handling.

vy,

i ~ . I-‘\ F, - — =
Figure 1.3; Guza well pumping stations location'™
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1.4 Project main components:

1) Electrical control system
2) Owverall mechanieal structure

Both sides consisting the following:

1) VFD ( Variable Frequency Driving unit |
2} Pump (Centrifugal pump).
3) PLC I wida ( Hardware & Software)
4] SCADA system
5) Accessories ;
1) Pressure transducer.
2) Watcr installation svstem.
3) Electrical panel.
4) Ligquid level relay |
5) Tuanks.

5




L5 Project cost :

Table (1.1); component cost -

Nu.  description Amount " NIS "
1. YID 700
& Pump 230
3. PLCH Analos modile 27501
4, Reservoin2) 50
7y Eleetrical panel -

b I'ressure seisoTs 1031
- SCADA sollware 30M
i Pipeline + Pipeline conneetar 150
3 Siand =
il Contactors .CB,0L, ...etc 20
Il Labor work (1o hours) 450
L2 Wires and Cables 130
13- Piint 35
14, stand wond 150)
15. Foal 6495

L6 Timing diagram

Table (1.2): Time Line of the Project;

Litevature Review and
_ Problem Statement
Propasing Methodology

tumpmut': Survey and
Cost Istimation, Selection

Reporting First Chapters

Design of system Parts

Typing the Report
Report Submission
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Table (1.3): Time Tine 2 of the Project:

Starting Implementation of the
Mechanical Design

' Purchasivg the Components

Essembly the Electrical and
Mechanical Parts

Testing and Calibration

Typing the Final Report

' Report Submission and Preparing

the Project Presentation




Chapter Two
Theoretical Background

%
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Introduction

Ir: this chapicr @n overall description will be content over, the SCADA svstem and its
components, Pumps, VEDs .& Messurement devices.

1.1 SCADA:

SCADA is a type of industrial control system (ICS).computer controlled system
maonitors and controls industrial processes that exist in the physical world!™ | SCADA svalems
historically distinguish themselves from other ICS (Integrated compuier solution) systenis by
being large scale processes that ean include multiple sites (among) larpe distances, These
processes include industrial, infrastructure, and facility-based processes, as Industrial Processes
include those of manufacturing, production, power gemerarion, [abrication, and refining, and
miy Tun in continuous, balch. repetitive, or discrete modes”’!. Infrastructure processes may he
public or private. and include water treatment and distribution, wastewater collection and
teatment. ml and gas pipelines, clectrical power transmission and distribution. wind farms. civil
defense siren systoms, and large communication svsrems!t

SCADA stands for Supervisory Control and Data Acquisition, As the name indicates, it
15 not a full control system, but rather focuses on the supervisory level, It is a software puckage
installed on networked comping platforms, like personal computers (PCs) or small dedicared
devices which are hardened for industrial environments . SCADA provides a high level laver on
iop of the Programmable Logic Controllers (PLCs) layer which is positioned over the plant
hardware devices. Thus, we have a funetionally modular platform in which there are thrce layers
inferacting with cach other in a hicrarchical manner as sketehed in Figure (2.1) & Figure (2.2)

SCADA Layer
—— 1 Automation System

PLCs Layer

Machine Layer | } Plant

Figure 2.1: Functional decomposition of an aulomation svstem!™
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Figure 2.2: This block diagram shows a tvpical open architecture HMIUSUADA system!™
2.1.1 SCADA Components:
The major components of SCADA system are as follows:

1} RTUs (Remote Terminal Unit) or PLCs which interface to ficld semsing devices and
logal contrel switch box and valve.

2) Communieatien system used to transfer data between Field data interface (FDI) and

control nnites and the computer (SCADA hoist) this system can be Radio, WITI ,or

Etherner .

A central host computer server called the master terminal unit (MTU).

4) A collection of standard and custom sofiware called MMI (man machine mnterface) or
HMI (human machine interface) software this used (o provide the PC contains SCADA |
FDI (field data interface)

b
ot

FDI (Ficld Data Interface) which form the (cves and the ears of the SCADA) the devices
wat inlerfaced like water flow meters Jevel moters power consumption meters and pressure
micters that ean tell an experienced operator how will a waler distribution svstem is performing
Other equipment that perform the hands of the SCADA like elactric valves Actuators Land
motor control |

n




2.1.2 Communications Network [

The communications network is intended to provide the means by which dala can he

Transterred between the central host computer servers and the field-hased RTUs . The
Communication Network relers Lo the eguipment needed to transfer data 1o and Fom diflerent
sites. The medium usad can either be cable, telephone or radiv,
The use of cable is usually tmplemented in & factory. This 1s not practical for systems covering
large geographical areas because of the high cost of the cables, conduits and the exiensive labor
in installing them. The use of telephone lines is a more ceonumical solution for systems with
large coverage. The leased line 15 used for syslems reguiring on-line connection with the remiote
stalions. This is expensive since one telephone line will be needed per site, Dial-up lines can be
used on systems requiring updates at regular intervals. Here ordinary telephone lines can be
used, The host can dial a particulsr number of a remote site to zat the readings and send
cornmands.

Historically, SCADA networks have been dedicated networks: however, with the
Increased depleyment of office LANs and WANs as @ solution for interoffice computer
Networking. there exists the possibility to integrate SCADA LANs into cveryday office
Computer networks,

2.1.3 RTUs (Remote Terminal Units) !

Are preciously used to convert electronic signal revived from deviee inte Lhe language
used to transmil the data over & communication, Field data communication system This
intended to provide the means by which data can be transferred between the cenitral host
computer and the field based RTU. Bandwidth an imporiant property of a communication
Chanel Figare (2.3) RTU unil.

Figure 2.3: RTU UNIT!Y

2.1.4 The Central host computer

The computer process the information received [fom and sent to the RTU sites and
presents it 1o human operators in a form that the operators can work with,
Note that: SCADA vendoss offer proprietary hardware depending system that was larzely
mecmpatible with othier vendors, To avoid SCADA projeet Lails the lollowing project phase
must achicved: Software defined, designed, written. checked & tested.

11




2.1.5 Dartu acqnisition mechanism:

Data acquisition at first accomplizshed by the RTU scanning the fiald data intetface
devices connceted Lo the RTU , The time perform this task is called the scanning interval which
near tow scconds and the PC scan the RTU sometimes RTU send the data to PC without pulling
by PC this mechanism is called unsolicited messaping.

Handling of data during SCADA [ailure:

1) Storing the data in the RTU and then resenting the data when pulled from PC. In times of
lailure the capacity of the RTU is used to archive data until a backup central host is
brought online or the oripinal system has recovered.

2) System redundancy. Such as dual communication system Dual RTU or dual PC.

2.1.6 Operator Workstations and Software Components

Omperator workstations are most often computer terminals that are networked with the
SCADA central host computer. The central host computer acts as a server for the SCADA
application, and the operator terminals are clients thal request and send information to the
central host computer based on the request and action of the operators [

2.1.7 Software produets Lypically used within a SCADA system are as follows!":

I} Central host compuler operating system: Software used to control the central host
compuler hardware.

2} Operator terminal operaling sysiem: Software used to control the central host computer
hardware,

3} Central host computer application: Software that handles the transmittal and reeeplion
of data to amd from the RT1 s and the central host.

4}  Operator terminal application: Application that enables users o aeeess information
available on the central host computer application.

5)  Communications protocol drivers: Software that is usuallv based within the central
host and the RTUS,

6)  Communications network management soflware: Software required to control the
communications network and to allow the communications networks themselves to be
manitored for performance and failures,

7} RTU awomation software: Software thal allows engineering staff to configure and
maintain the application housed within the RTUs {or PLCs).

12




2.2 PLC (Programmable Logic Contraller)

2.2.1 What is u PLC?

Figure 2.4 Typical PLC

A PLC (ie. Programmable Logic Controller) is a device that invented w replace the
necessary scquential relay cireuits for machine contrnl. The PLC works by looking at its inputs
and depending upon their state turning on/off its outputs as shown in figure (2.4). The user
enters a program, usually via software, that gives the desired results.

PLCs are used in many "real world” applications. If thers is industry present, chances arc
good that there is @ plec present. If you are involved in machining, packaging, material handling,
automated assembly or countless other industries you are prohably already using them. 11 vou
are Nof, you are wasting money and time. Almost any application that needs some type of
electrical control has a need for a ple!™.

2.2.2 PLC Application

It can be used for large spectrum ol applications such as shown in Figure (2.6)
(Imolor. pump, acuaor, .. e )
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Figure 2.5 : PLC application
2.2.3 PLC component

The following figure shows a parts ol PLC
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2.2.4  Schueider PLC "Twida"

Ihe twido PLC support Bthernet communication from Schneider family figure (2.7)

Gk dsassdd bbb dos bSO ERD D

= e - Al sl -

Figure 2.7: Schneider PLC

2.3 Cenrrifugal Pump

Figure 2.8 : Cenuifugal Pump

The centrifugal pump is the most used pump type in the world it has an view given in
Figure (2.8). The prineiple is simple, well described and thoroughly tested, and the pump is
robust, effective and relatively in expensive 1o produce, There is a wide range of varialions
based on (he principle of the centrifugal pump and consisting of the same basic hydraulic parts.
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2.4 VFD (Variable Frequency Drive)

Is a converter thar converts a fixed ac irput vollage and frequency to a controlled
variable voltage and [requency to operate a motor at required speed shown in figure (2.9)

Figure 2.9: Inverter

2.4.1 Parts of inverters :

1} Aniopul converter to rectily we power to de power .it is normally called the source

2] An energy forced device which separate the inpul from the output and allows cach to
operatc independently from the other it is usually called the linz filter

3)  Ade 1o ac laverter in the output stage it is called inverter ,if gensrates the desited ac
outpur voltage and frequeniey |

2.4.2 Advantages of VFD ;

1) Produce variable speed process speed which applied in cutting machine convevor .

2) Compressor and pumps many applications requires them to operate «l part load
conventional Constant speed motors and control valves have been used for these
applications. this altemnative is more expensive and cause flow induced vibration and
cavitations in the system, The motor operates at full load vantinuonsly regardless of the
Now required,

3) Moror starting ,due o the high current and torque at starting the power supply is also
aflected adverscly due to voltage dips ,a much smaller V8D (rated at few percent ol the
motor),can be used to inereuse the speed of the motors gently.




2.5 Pressore Measurement Device

Figure 2,10 : Pressure Transducers

The analug pressure sensor range (0-1 &6bar) used to send sienal (4-20mA) to the PLC
depend on discharge sitvation as shown in figure (2.10),

2.6 Liquid Level Control Relay

Figure 2.11 : liquid level control felay

Three electrodes are connected to the “T."B* and "E” terminals.
When the liquid level reaches the upper level electrode (1) then the relay energizes ils contacts
ta turn off the pump.
When the liquid level reaches the hottom level eleetrode (B) then the relay de-eneruizes its
contact and turns the pump on,
Sensitivity (impedanve bebween electrodes) can be adjusted in the range of 5-100 KW using rhe
knob on the front side of the relay,
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3.1 Introduction
In this chapter we want to introduce. pumping design and the benefits from fhe project
like the annually money savin g alter implement this pr

aject but we want to draw yaur attention.
this idea is implemented on a case study since its seems to be like actual appliances in many
pumping systems, like irrigation [EgImes , Waler pumping stations and municipalities. ete.

3.2 Block diagram
The figure (3.1) illustrates the block diagram for our projeet.

Figure 3.1: General black diagram
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Note: In this chapter we did the calculations for hig project to illustrate a clear result for
the main aim of the project and the implement of this idea we will do il in a small practical
project. It's worth to note that this caleulations is done for a main station pump in Anbta village
in Tulkaremn and we received it's data from Fng Mohammed Demeri from IC Systems Co.
Palestine - Ramallah, Alnoor Building .

3.2 Pumping system

In & pumping sysiem. the ohjective, in most cases. is cither Lo transfer a lHauid from a
source to a required destination, A pressure is needed to make the liquid flow at the required rate
and thﬂ imuril nvercome head “losses™ in the system. Losses are of two types: static and fiction
bead. *

3.3.1 Static head

Is simply the dilference in height of the supply and discharge point as shown in figure
13.2), flow velocity in the pipe is assumed to be very small. An example of a system with only
static head is pumping into a pressured vessel with short pipe runs. Static head is independent of
ow and graphically would be shown as in Fipure (3.3).1

slatic head

Figure 3.2: Static Head

Head 4
m
H,
H,
Hs » Flow
]
" mA3IH

Fipure 3.5: Static Head vs, Flow




3.3.2 Friction Head (Dvnamic Head Loss)™!

Dynamic head loss is the friction loss on the liguid being moved. in pipes, valves and
equipment in the system. Friction fables are universally availeble for various pipe fittings and
valves. In case of fittings. friction is stated as an equivalent length of pipe of the same size. The
[netion losses are proportional to the square of the flow rate.

3.3.3 Pump operating ]]«uin!1 2

When a pump is installed in a system the effect can be illustrated graphically by
superimposing pump and svslemn curves. The operating point will alwavs be where the twa
curves inlersect as shown in Figure( 3.4).

Haad

= e Pumip Head

== = = = Eysiim Head

Flcw

Fipure 3.4: Pump operation point

For a centrifugal pump. an increasing system resistance will reduce the flow, eventually
Lo zere, hul the maximum head is limited as shown, Even so, this condition is only accentable
for a short period without causing problems. An error in the svstem curve caleulation is also
likely 15 lead to a centrifigal pump selection, which is less than optimal for the actual system
head losses. Adding safery margins to the caleulated svstem curve to cnsure thal a sulficiently
large pump is sclected will generally result in installing én oversized pump, which will operate
al an excessive flow rate or in a throttled condition, which increases energy usage and reduces
pump life,
For the above system (pump system ) we must 1o know the aperating pressure or the total
syslem head, Lt . is defined as:

HT= Hh+ qu'.'Pr[— Pp‘_‘s |J3|:|'
Where:

1l = Static head (m)

H: = Dynamic head (m)

P, = Pressure on the surlace ol the water in the receiving tank (m)
Poe — Pressure on the surface of the water in the reservoir (m)
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Althougl the atmospheric pressure changes with height, the change in pressure that
oecurs over the punping height is often so small that it can be considered negligible,

In this example, the change in pressure over the elevation [rom the reservoir o the
receiving tank is not that significant and hence is negligible.

Py -FBre=1) E3E)
Therefore, equation (3.1 ) becomes:
H=H+H (3.3)

The dynamic head iz generated os a result of fricion within the system. The dynamic
head is ealeulated using the basic Darcy Weishach cquation given by:

Kv2 S
Hiy= 28 (3.4)
where
K = loss coellicient
v=veloeity in the pipe (m/sec)
= acceleration due to wravily {mfsec)

Lhe velocity in pipe can be caleulated using the following formula:

9 -
V= r (1.5)
where

(' = low rate thraugh the pipe (m* fsce)
A ~ pipe cross scetional aren m

nh?
A = T '[_.J.ﬁ_l

D~ pipclines diameter

The loss coefficient K include tow parameters;

K=K e + K pipe (3:7)

K fttings is associated with the firtings used in the pipe works of the system Lo pump the water
tram reservoir to the discharae point.

Vilues can be obtained from standard tables and a rotal K fittings value can be calculated
by adding all the K fittings values for cach individual Giting within the system.
K pipe is associaled with the straight lengths of pipe used within the system and is defined as:
K pipe = ;—L {3.8)
Whera
F = friction coellicient
L = pipe length (m)
D = pipe diameter (m)

The fnclion coefficient fcan be found using modificd version of the Colebrook While equation:

0258 .
oo} e
Where

k = Roughness factor (m)
K¢ = Reynolds number

22




I'he pipe roughness factor k is a standard value obtained from standard tables and is
based upon the material of the pipe. including any intermal coatings, and the internal condition of
the pipeline i.e. good. normal or poor,

Reymolds number is a dimensionless quantity assoviated with the smaothness of flow of
a fluid und relating to the energy absorbed within the fluid as it moeves. For any tlow in pipe.
Reynolds number can be caleulated using the following formuli:
REJ;ID
Whers
v = Kinematic viscosity (m® /s

(3.10)

3.4 Factors Affecting Pump Performance
3.4.1 Matching Pump and System Head-flow Characteristics

Centrilugal pumps are characterized by the relationship between the flow rate (Q) they
produce and the pressure (H) at which the flow is delivered. Pump efficiency varics with low
and pressure, and it is highest at one particular flow rate [

3.4.2 Effect of over sizing the pump

When a single pump is requited to operate over a range of flow rates and pressures,
stacdard procedure is to design the pump to mect the grealest output demand of both flow and
pressure. For this reason. pumps are often oversized and they will be vperating inefficicntly over
u range of dulies. This commen situalion presents an opportunity to reduce cnergy requirements
by using control methods such as a variable speed drive. Maost cxisting systems requiring a
control method use bypass lines, throtiling valves, multiple puimps, or pump speed adjustments.
Figures (3.5) till (3.7) illustratc common control methods ncluding variable speed and the
polential energy savings . Ollen, changing the pump’s speed is the most ellicient method of
control, When a pump’s speed is reduced, less energy is used by the pump’s power unil and
therefore less energy needs to be dissipated or bypagsed. [

Thaottle
condr]
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Figure 3.5: Throttling the flow !¢
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Figure 3.7: Variable speed control '™

3.4.3ffcet of speed variation !

As stated above; a ceninfugal pump is a dynamic device with the head senerated from a
rotating impeller. T'herefore a relationship between impeller peripheral velocity and generated
head . Peripheral velocity is directly related to shafl rotational speed, for a fixed impeller
diameter and so varying the rotational speed has a direct effect on the performance of the pump.
All the parameters will change if the speed is varied and it is importanl 1o have an appreciation
af how these parameters vary in order to safely control & pump at different speeds. The
cquations relating rotodypamic pump perlormunce parameters of flow, head and power
ansorbed, to speed are known as the Aftinity T.aws:

First affinity law : flow is proportional to the shalt speed

Qy _ Ny
%N, (3.11)
Where

Q) = llow through the pipe (m” /sec)
M = shaft speed (rpm)

Secund affinity low: hend is proportional to the square of the shaft speed

B Wy {3.124)
Hy  N°
Where: 11 is the discharging head (m)



Third Affinity law: power is proportional ta the cube of the shaft speed

4 i
P—l =3 (3.12h)
Where : ! is the power in (watl)

As can be scen [rom the above laws, doubling the speed of the centri fugal pump will
merease the pewer consumption by 8 times. Conversely a small reduction in speed will result in
drastic reduction in power consumption. This forms the basis for encrgy conservation in
centrifugal pumps with varying flow requirements. The implication ol this can be better
understood as shown in an example of a centrifugal pump in b igure (3.8) helow.
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Fignre 3.8: Example of 8peed Variation Effecting Centrifugal Pump Performanee 1

Puints of equal efficiency on the curves for the 3 different speeds are juined to make the
iso-efficiency lines, showing that efficiency remains constant over small changes of speed
providing the pump continues o operate at the same position related to its best elliciency point
(BEP).

The affinity laws give a good approximation of how pump performance curves chan ae
with speed but in arder to obtain the actual performance of the pump itz a system, the system
curve also has to be taken into ealculations.

Once the flows and pressures are knowi. the pump's horsepower ean be determined for a
given efficicnicy using the power equations shown helow,

.. QH 5
P= T5607n (3.13)
PROT4Ex KW P l_ql-‘”
1 mator

KW =

3.5 Meeting variable flow reduction

In contrast, pump speed adjustments provide the most cfficient means of controlling
pump flow. By reducing pump speed. less energy is imparted to the fluid and less energy needs
to be throttled or hypassed. There are two primaty methods of reducing pump speed: mulriple-
speed pump motors and variable frequency drives (VFDs). Tigure (3.9)
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e 1
Figure 3.9: Varizble Frequency Drives Effeet!'®
Although both directly control pump output, multiple-speed motors and VEDs serve
entirely separute applications. Multiple-speed motors contain a different set of windings for each
motor speed; consequenily, they are more expensive and less efficient than single speed motors,
Multiple speed motors also lack subile speed changing capabilities within discrete speeds.

VFDs allow pump speed adjustments over a continuous range. avoiding the need to jump
from speed o speed as with multiple-speed pumps. VFDs adjust the clectrical frequency of the
power supplied ta a motor to change the motor’s rotational speed.

For many systems. VFDs offer a means to improve pump operating efficiency despite
changes in operating conditions, When a VFD slows a pump, its head/flow and brake
horsepower (BHP) curves drop down and Lo the left and its efficiency curve shifls to the left
This efficiency response provides an essential cost advantage: by keeping the opcrating
cfficiency as high as possible across variations in the system’s tlow demand, the ¢rergy and
maintenance costs of the purmp can be significantly reduced.

Anather system benefit of VFDs is a soft start capability. During startup, most motors
expericnee in-rush currents that are 5 - 6 times higher than normal operating currents. This high
current lades when the motor spins up w0 normal speed. VEDs allow the motor to be started with
a lower startup current (usually only aboul 1.5 times the normal operating current), | his reduces
wear on the motor and its controller ")

3.6 Why do we need to use VFD?

Primary function of a VFD in aguatic applications is to realize cnergy savings. By
conirolling speed of a pump rather than controlling flow through use of throttling valves. energy
savings can be substantial. By way of example. a speed reduction of 20% can vield SNErgy

A b
savings of 309,17

3.0.1 Adjustable Speed Drives

Available in many different types, adjustable speed drives offer optimum method for
matching pump flow rates to system requirements, Adjustable frequency drive (inverter) is most
commeonly used. [t eonverts standard plant power (230 or 460 V, 50 Hz) to adjustable voltage
and frequency to power AC motor. The frequency appliad to AC motor deterinines motor speed,
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The AC motors are usually same standard niotors that can be connected across AC
power line. By incorporating bypass starters, operation can be maintained even if inverter should
fail. Adjustable speed drives also ofter an additional henefit - increased bearing and pump seal
life. By mamtaining only pressure needed in pump to satisfy system requirements, pump is not
subjected to any higher pressurcs than necessary. Therefore, the cormponents last longer '

5.6.2 Pump Energy Savings

Centrifugal pumps are sized to meet maximum flow rate required by the syvsiem. System
conditions frequently require reducing flow rate. However, throltling devices - dampers and
valves - are installed to adjust pump output. Theottling devices are effective, but not energy

ficient. Another method can vary llow and alse reduce encray losses. The method: adjust

pump impeller speeds so units deliver required flow.

Centrifugal pump operation is delined by two independent curves, One is the pump
curve, which is solely a funclion of pump characteristics, The other is system curve. which
depends on size ol pipe. length of pipe, number and location of elbows, ete. The intersection of

these two curves is called natural operating poinl, becanss pump pressure matches svstem
T
IDSSeS,

3.6.3 Additional Benefits of VFDs 1"
1o addition w energy savings and better process control, VIDs can provide other
benetits:
11 A VED may be used for control of process temperature, pressure or low withous use of
a scparale controller, Suitable sensors and electronics are used Lo interface deiven
equipment wifh VFD,
2} Maintenance costs can be lowered. since lower eperating speeds resull in longer life for
bearings and motors.
3) Eliminaring throtthing valves and damipers also does awny with maintaining these devices
and all associated controls.
4) A soft starter for motor is no longer required.
5} Controlled ramp-up speed in a liquid system can eliminate water hammer problems.
6} Ability of a VI'D to limil lorgue o o user-selected level can protect driven equipment
that cannot tolerate excessive torque.

3.6.4 Internal Configuration
VIDs contain three primary sections:
1) Recrifier Circuit - consists of diodes, SCRs, or insulated zate bipolar transistors. These
devices convert AC line power to direct current.
2) DC Bus - consists of capacitors that filter and store the DC charge.
1) Inverter - consists of high-vollage. high-power transistors that convert DC power 1o a
variable-frequency. variable-voltage AC output delivered to load.

3.6.5 Basic Configuration
This conliguration the least expensive option of the two major types shown in ligure
(3.10) . Tt features a basic drive connecled between the line and the load. Speed control is
generally operator initiated either through a front panel kevpad or speed potentiometer,
Functionality and features on this type of drive are generally limited, It should be noted
that an external disconneet 1s reguired and that this type of:
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Cne major issue with this type of drive is that being the sole load driving component. a
failure of the drive will bring the entire system down until the drive is removed from service far
repair or replacement.

L1
L2
L3 1
pump
VFD
Unit

— -_-. - '

—

Figure 3,10: VFD basic configurarions

3.6.6 Twno Contactor Byvpass

This contfiguration is a step up from basic . Tt generally features a secondary enclosure
with additional control circuitry and two contactors which can bypass drive cireuitry allowing
manual control of load through conventional across the line motor starter control in many cases.
It should be noted that while the oulput sections of the drive are isolated from the load, the drive
iput sections are not and that failure of input section components may still prevent manual
system operation, This type of drive may or may not include a service disconnect and additional
load protection Figure (3.11).
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Figure 3.11: Two contaclor bypass

3.6.7 Closed Loop Control

Clased loop or integrated control employs a feedback signal to the drive allowing the
drive o compensate for filter loading conditions, valve sequencing, and other downstream
conditions that may affect system {low rates, The feedback clement in aquatic systems is
typically via the use of a flow sensor placed in the pump discharge line figure (3.12) or the
return line Lo the pool or water fcamre. This configuration virtually climinates operator error and
routine adjusiment systen, Figure (3.13)

At j\

Figure 3.12: Interconnection diagram
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Figure 3.13: Close loop control
3.7 Case Study:

A 100 HP pump is used to pump water from a well up to a civilians area. The SVSTEI I8
capable of pumping up to 500 GPM, but the existing flow averages around 300 GPM most of
the time. In this project we are planning to install a variable freguency drive (VED) on the pump
motor 1o control the supply pressure. The system pressure simply follows the 100 HP pump
curve shawn in Figure (3.14) Controls on the VFD will limit the maximum pressure 10 700 feet

of head.
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Figure 3.14: Pump curve for case study with selected performance puinls




3.7.1 Steps to Caleulate Irrigation Pump VFD Saving

We use the following steps o calculale the energy saved by installing  variable speed
pump.

Step 1: Obtain the tlow, pressure and elficiency for at least three points along the pump's
constant specd perlomunce curve,

Step 2: Using the constant pressure sel point for the VED, determine the flow for cach of
the variable speed operating points along the constant cfficiency lines. Figure (3.15)

@ i (3.15)

Q2 H2 (=
[11

01 = QZ«JE (3.16)
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Figure 3.15: Flow vs. Pressure Curve w/ Constant Fff. Lines

Step 3t Caleulate the power for cach of the operating points along the constant speed
and variable

speed lines using the flow, head and efficiency values found in Steps | and 2 using the
squanon below

H PrOF4G=EW/HP
Pty = ZXOTRTEAT
St nmuokar
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Step 4: Determine the coellicients a, b and clon table 3.1) that define the horsepower of
the constant speed and variable speed pump as a function of the flow rate Q (Crallons per
minute). Note that the coefficients b and ¢ may be found by plotting the four points on a scatter
plot in Exeel and then showing the trend line and formulg for a second order polynomial that
goes through these points. Another option is to use Excel's “LINEST” function to automaticaliy
Calculate the variables. The LINEST fumetion can ealeulate the coefficients for up to a third
order polynomial. Although [.INEST is an obscure function in Fxcel that is very poarly
documented or explained, it proves very useful at deseribing functions that follow

A parsholic parttern. Table (3.1)

Table (3.1) kxcel sheet table

A | B | < o
_From Pump Curye Fixed
Flowr Head Efficiency Speed HP
400 450 FEY: 54,09
300 620 T2 05.24
200 720 03% 55.18
180 740 6L S 53

Fixed Speed HP = (A3°B3)/(3960°C3)
Fizxed 5peed HP =a GPM".E 4+ GPM ¥ C
Confficients
3 I ) | <
=LINEST{SD53:5053, 5853 SASHM 1,21

BRIl ejm||a]wn]s|wls|~

To apply the LINEST function, type “~LINEST{SD$3:8D53 $AS:SAS64{1.217" into
cell A13, press “Enter, "then select cells A13 through C I3 (A13:C13), press the finction key F2,
and then press Control-Shift-Enter keys at ence, Once Lhis is done, the coefficients a, b and ¢
will be shown in cells AI3, B13 and C13respectively and will antomatically update as the flows

and horse powers in rows 3 through 4 are changed. Table (3.1).43.2)

lable (3.2) Flow and head changes illustrate a,b.c variables

Flow Head efficiency fixed speed  Fixed speed HP
Hp Fit*
600 180 70% 38.96 3019719343
890 165 7T% 4B8.16 47 47125809
1180 1356 78% 52.01 52.68772806
1490 896 66% 5473 54 50463133
a b c
-1.9E- 0.056672 11.98305777
05

I'ixed speed HP= (flow x head) = (3960 % ef f)
Fixed speed HP Fit™= aGPM? + bOCPM + €



Table (3.3 ) Varving Speed Effeet

Flow Head efficiency fixed Head VFD  Fixed Head VFD

J Hp HP Fit*
490 120 70% 21.21 21.52457694
759 120 7% 29.87 29 16478912
1122 120 7B% 4259 44.080287%4
1666 120 B6% 76.49 76.38453535

A B C
201E-5 0003274 15.08967953

Iixed Head VED HP — (flow % head) <= (3960 = ef f)
Fixed Tead VFD HP Fit = aGPME + bGPM + ©C

Step 5: Use the horsepower formulas from Step 4 to determine the energy savings at
cach ol the flow conditions of the pump
e = 0716 x KW/HP

1 motor

When the head vs. low curve for different speeds is known. (he lollowing steps can be
used to caleulate theoretical energy savings when installing a VFD on a pumping svstem.

Now we want to apply the previons steps on the actual pump
Step 1: Determine the flow (Q), head (H) and efficiency (n) for three or more points
along the constant speed pump curve, Table (3.4).

Table { 3.4) Flow, head, efficiency changes
Flow Head Efficiency fixed speed Fixed speed

Hp HP Fit by
: a,b,c
440 620 68% 101.31 97.92693588
400 740 73% 102.39 108.3092448
300 1020 T2% 107 .32 102.8162275
240 840 67 % 7598 77.8555324

Fixed speed HP Fit=a GPM*2+h GPM +c

Step 2: Use the affinity Taw Q1 = Q2 % J%aml constant efficiency lines 1o define the

Mow rates and efficiencies through the varizble speed pump running at different speeds to
maititain a constant pressure.

|ennstan: pressure head
-.JI head af constant spead

Flonw with VD= flow with constant speed =
Step 3: Determine the horsepower of the constant speed and variable speed pump for
each of the flows and elficiencies found in Steps 1 and 2 using the formula,

_ oA
AYniE
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Step 4:1sing the process described in Step 3. determine the polynomial coefficients a. b
and ¢ that define the variable speed pump’s horsepower at different flow rates and a constanl
discharge pressure. Table (3.5)

Table ( 3.3 )Variahle speed pump’s horsepower at dilferemt flow rates and a constant discharge
pressure,

Flow Head  efficiency fixed Head  Pump RPM

VFD Hp HP Fit*
497.8 700 68% 129.40 2100 129.5067565
371.99 700 73% 90.08 1900 89.7245732
23764 700D 72% 58.34 1780 5832544534
20949 700 67% 5527 1700 54 53740732

a B c
0.00034 0.01551 36.1158514

1he maximum speed of the variable speed pump is typically limited to the speed ol the
constant Speed pumyp, (figure 3.16) so the actual HP of the variable speed pump may not reach
the values shown in the table above.

The speed of the variable speed pump is delermined using the relationship % =

System Curves

Fump HP

— Con. spted HP

50
w—— \F () HP

0+ . ; —
1] 50 100 150 200 GPM 250 300 350 400 450

Figure 3,16: VFD system curve VS constant speed curve

Step 5: Estimate the pereentage of time that the pump operates at various flow rates.
MNote that there may be a percentage ol time when the pump is OFF, which 1s dilTerent than
when the pump is running with little or no flow. Table (3.6)

" Fixed Head VFD



Table (3.6) T'he percentage ol time that the pump operates at various flow rates

%Time (0% 0% 0% |0% |0% 5% | 40% |30%|10%| 5% | 5% |5% |100%
of [ off | 0% | 10% | 20% | 30% |40% | 50% | 60% | 70% | 8% | 90% | 100% | Total
dasign | |

“oflow | i

Flow 0 0 |50 |100 |200 230 | 240 | 200 | 350 | 400 | 450 | 00 | GPM
role | |

Step 6: For each of the flow rates identified in Step 5. calculate the horsepower for the
constant speed and variable speed pump using the coelTicients and formulas found in Steps 4.
‘Then calculate the anmual energy savings using the farmula:

I '
. {" Pcnr:stanl:xpeed — IRy huj‘ (Ittrﬁ (@ ﬂuw) (0.746 @)
KW, gving = - b
11 motor
| he annual energy saving shown intable (3.7) .

- Table (3.7) energy saving calculation _
Time % design Fixed Fixed Fixed Fixed Fixed Kwh
% design flow.GPM speed Head Head Head

flow HP w/ HP Kwh
VFD Savings Savings
T —— - H P =
0% 0% 0 36 35 1 0 0
0% 0% 0 38 34 & 0 0
0% 10% 50 41 20 21 0 ]
0% 20% 100. 45 22 24 0 0
5%  30% - 200 53 30 23 4280.785 0850.354

40% 40% 230 58 25 23 3414052 B6123.168
20% 50% 240 60 31 29 21363.53 44384.41
158% 60% 300 T2 40 32 17772.15 40050.42
5% 0% 350 g4 63 21 3885.708 15581.8
5% 80% 400 o8 V2 28 4767.877 18134.64
8%  90% 450 113 113 0 0 21008.65
5% 100% 500 120 130 0 0 24203.85
100 86210.37 '258337.3
%

saving 33.24%
862.1
2y Kwh/year/HP

3,7.2 Money saving caleulation:

[rom the calculation the oti] power saving = 86210 K'Wh'Year
The cost of KWh= (.7 NIS
Total money saving —86210x0.6-51726 NIS Year
VED, 100HP, 1424, 250V, 3 Ph In. 3 Ph Qut used (Grainger Irem #12T631)
Price : 510,066.00{40264N1S)
Payback Period = Initial Investment / Annual Cash Flow = 40264N1S / 51726 = 0,77 vears,
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3.8 practical module caleulation

We use the following steps to caleulate the energy saved by installing a variable speed
pump in small module.
Step 1: Determine the flow (Q). head (H) and efficiency (n) tor three or more points along the
constant speed pump curve Figure (3.19) . Table (1.8)

Table 5.8 Flow, head, efficiency changes
Flow Head efficiency | fixed speed | fixed speed HP* |

Hp
18.5 34 54% 0.29 0.293565
15.9 36 268% 0.26 0.258816
13.2| 38 | 54% 0.23 | 0 232868
10.6 40 50% | 0210 - 0.214722
a b C
0.000566 | -0.00648 | 0. 219945774

Step 2: Using the constant pressure set point for the VFD, determine the flow for cach of
the variable speed operating points along the constant elficiency lines. Figure (3.17) the value
shown in table (5.9 .

o1 [H:
= wa (3.13)
Ol = QE*JE 3.16)
Z f T ~hoad -
Flow with VFD =flow at constant speed ir?nstant et (3.17)
4 lead atcenstant cpead
150 U-E g g 5I i " M 1::' & 15 2 EI':I
I HIERE
14 =N\C 20E H,.
| L on
13 | A
0 95.5 0 el LA
£ 12 r‘j' et ml-qﬂ
- &=
- 1 F h“"\. ¥ SRR, .
11 ! / W iEen BN |
| , .35
17 s = o 4
10 : :
. - A
L = 3
-
1] Q mh 1 2 b | 4 S
UI‘ I:'mnl i E|ﬂ i EJD . 'S .-Jm ] Elu. - | " ﬁp . § 2 ?Iﬂ " ¥ a EF
o ¥ 02 04 08 o8 1 . 12

Figure: 3.17 Pump curve for project with selected performance points
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Lable (3.9) flow at variable speed operating point

flow | head efficiency ' constant
pressure
flow
185 34 54% | 11.43942
15.9 38 56% | 9.554711
13.2 38 54% | 7.720649
10.6 40 50% | 6.042893

Step 3: Determine the horsepower of the constant speed and variable speed pump for
ench of the flows and elficiencies found in Steps | and 2 using the formula,

A
ADACETY

{3.19)

Step 4:17sing the process described in Step 3, determine the polynomial coefficients a. b
antl ¢ that define the variable speed pump’s horsepower at dilTerent low rates and a constant
discharpe pressure. Table (2.10)

Table { 3.10 WVariable speed pump’s horsepower at different flow rates and a constant discharge

rll‘E.‘::'\'UT&.
Flow |Head efficiency | fixed speed | Pump | fixed
Hp rpm | speed
HP*
11.43 P 54% | 012| 2200]0.117359
9.55 22 56% | 0.08 | 1800 | 0.095466
.72 221 54%. 0.08| 1640 )| 0.078666
6 22 50% 0.07 | 1570 | 0.066933
A b c ElL i
0.000664 -0.00228 | 0.0567794

The maximum speed of the variahle speed pump is typically limited to the speed of the
constant Speed purnp, Figure (3.18) so the actual HP of the variable speed pump may not reach
the values shown in the table above.

The speed of the variable speed pump is determined using the relationship %
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Figure 3.20; VFD system curve VS constant speed curve

Step 5: Estimate the percentage of time that the pump operates at various flow rates.

12 5 18 21
GPM

23

Note that there may be a percentage ol time when the pump is OFF, which is different than
when the pump is running with little or no ow. Table (3.11)

Table (3.11) The percentage of time that the pump operates at various flaw rates

| %Time 0% | 0% [0% [0% |0%

% || 5% [40% [30% 10% | 5% |5% 5% | 100%
%Of | off 0% | 10% | 20% | 30% | 40% | 50% | 60% 70% | 80% | 90% | 100% | Total
design _ |

o , | |

Flow i} 1} f 8 11 125 |13 Il-l 16 168 | 178 | 19 GPM
Tl [

Step 6: For cach of the flow rates identified in Step 3, calculate the horsepower for the
constant speed and variable speed pump using the coefficients and formulas found in Steps 4.

Then caleulate the annual energy savings using the formula:

KWh,,, ing' =

x EHIE T
(FPegnstam spued ~HPygpp :{?ﬁ' flow ,’ (0.7 “'ﬁ'ﬁj

1 mator

[ he annual energy saving shown in Table (3.12).
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Table (3.12) enerpy saving caleulation

' Time % | %design | design Fixed Fixed Fixed Fixed Fixed
flow flow.GPM | Speed Head w/ | Head Head Kwh
HP VFDHP HP Kwh
Savings | Savings

0% 0% 0 0.000 0.000 0.000 Q 0

0% 0% 0 0.200 0.138 0.062 0 0
0% 10% 2.11 0.2300 | 0.138 0.09< 0 0]

0% 20% 422 0.3200 | 0.162 0.158 0 0

5% 30% 6.33 0.3400 | 0171 0.169 | 29.B4867  83.12177
40% 40% 8.44 0.4700 0.178 0.202 | 412.5856 ©698.0525
20% 50% 10.55 0.4900 0,210 0.280 | 197.815  363.8785
15% 60% 12.66 0.5000 0.232 0.266 | 142.0028 278.4784
5% 70% 1477 0.5200 | 0.287 0.233 | 41.15258 98.53918

5% 80% 16.88 0.5300 0.310 0.220 | 38.856682  ©B.3957

5% 90% 18.99 0.5500 | 0.370 0180 51.7817 | 102.1088

5% 100% 21.1 0.5700 | 0400 0170 30.02549 | 105.8218

| 924.0787 | 1806.397

100% saving 31.00%

Maney saving caleulation

from the caleulation the total power saving =924, ] KWh/Year,
The cost of KWh= 0.7 NIS.
Total money saving =924.1 ={).7=647 NI8/Year.
Initial investment — 2000 NIS.
Payback Period = Initial Investment / Annual Cash Flow = 4000N1S / 647 = 6 vears.

3.9 Summery
We conclude from the previous caleulations thir it's viable to apply this project on a hig
stations like irrigation stations and the stations in hig cities

l'o deliver a clear idea for our project, in the next chapter we well discuses SCADA

svsten, and we deseribe tow case study about SCADA system bencfir.
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3.10 Electrical ecircuit
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Figure 3.19: electrical circuit




3.11 PLC Connection,
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The PLC allocation table shown in lable( 3.13).

Table (3.13) Alloeation table of PLC

B Symbol l Stute deseription | Address
e WNC | Dmerpiney switch | iis i
UL NC Over load switch 10.3
4 SIS wry _Slop maior ] o4 _

Sl NQ Slarl mofor 10.3 |
' : | TEmthepmpolt T~ " ThE !
Level relay NC ' whml[m;;liﬂthgrgn
'. _ tankos full co=
L _ P51 Analog impul | Pressure sensor Wi, _
R input i "’lﬁf,lu::ﬁﬁ“r _ IW..I L
; b Rurming motor with .2
] Kl NO T Q
ERENEN) 1] NO [ EAN Rulningsigmal | 003 i
ViD '[ modbas ] Varying Fump speed | modbus




Chapter Four
SCADA SYSTEM

4.1 Introduction
4.1.1 SCADA opcration bencfits
4.1.2 Field Sites Operation
4.1.3 Reservoir Monitoring Devices
4.1.4 Pressure and Flow Monitoring Devices
4.1.5 Pumping Stations Control
4.1.6 Water Quality & Contamination Detection
4.1.7 Managing Remote Sites
4.1.8 Instant Data Communication
4.2 Acenmulated Data
4.3 System Health Monitoring
4.4 Web and Access
4.5 Management and Finance
4.7 Eleetricity Bill Saving
4.7.1 Reduced Cost of Maintenance
4.8 Human Machine Interface (HMI) for SCADA
4.9 Demand Prediction
4.10 Water Saving and Losses Reduction
4.11 Reduced Cost of Damages
4.11.1 Investment Considerations and Calculations
4.11.2 SCADA Cost Contributors

4113 VFD und SCAD Arc they worthwhile investments?
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4.1 Introduction

Supervisory Control and Dara Acquisition (SCADA) solutions provide a base for
more reliable operation of water systems and stgnificant operating and financial bengtits,
both, which are important to utility management. They provide means for increased
praductivity, reducing the number of tuilure events. System parameters, which are
communicaled via wireless data nerwork present true conditions. and commands sent fram
SCADA Centrals to remote sites that ar¢ aimed to achieve optimal, reliable znd safe
operation!!]

Figure (4.1) below outlines the “shop floor to top floor” interaction involving
operation and control of remote site and information fow to managenienl and company
finance. Ln order to implement such solutions, SCADA systemns shall allow for seam lege
network communications from any Remote Terminal 1nit (BT to any RTU and from any
RIURY ¢ the SCADA computer.

Management
& Finance
SCADA
Site Site
Operation Control

Figure 4.1: Information flow (o management

SCADA systems help achieve optimal system aperation by adding new features to the
system such as pump operation sequencing, clectric cnergy consumption , ¢fficiency
moniloring, historical scenatios anal ysis, web uecess, SMS phone, erc.

4.1.1 SCADA operation henefits

On the top of these uperating benefits, utilities may achicve reduction of their
electric power bill, more convenient work for their maintenance teams, more effective and

faster handling of eritical events, reducing indirect costs contributed by communicating |
1251
Bt
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4.1.2 Field Sites Operation

Lificient monitoring of waler distribution networks has long been a challenge for
management. even in countries with well-developed infrustricture and good  operating
practices. The prineiples involving such solution lead to the use 0f SCADA systems combined
with wireless communication and RTUs or PLC., which perlorm the monitoring and
control functions as specifically required for each site!™

4.1.3 Reservoir Monitoring Devices:

Water level in reservoirs is ususlly monitored via tow slalus sensors and one
I analog sensor. The purpose ol the fow status sensors (maximum level and minimum level) s
obvious. and the information provided by the analog sensor may help monitoring the rate of
change and the actual level in between the extremes indicated by the slatus level switches,
The information provided by these scnsors is processed by the R1U or PLC and the
calculated results provide the following inputs to the SCADA control center=":

1) Actual level which can be below or above the planned level for that time,
=} Rate of change (above normal) as expected for the time of the day.
3) Reservoir overflows condition (causing loss of potable water).

4.1.4 Pressure and Flow Monitoring Deviees:

Pressure sensors are usually installed next to valves and are aimed to provide input to
Pressure Reduction Valves (PRV), which are controlled by the RTU or PLC , and (low meter o
varying the speed of the pump 1o meet the varying in demand 7Y,

Benefits:

1) Maintaining stable pressure help optimixzing the flow rate .
2) Minimize leaks through nen repaired pipe breaks.

3) Reduce misuse of water due to high pressure.

4) Allow reducing the pressure as necded.

3) Record flow and pressure data in each section.

4.1.5 Pumping Stations Contral ™

SCADA RTUs or PLC perform monitoring and control o [ pumping stations and
measures electricity consumption. Controlling the pumping station operation and measuremenl
of the power consumption allows:

1} Early warning on an overloaded pump which may cause mallfunction.

2) Detection of a faulty or inefficient pump (damaged membrane),
3] Periodie pump sequencing, aimed to minimize wearing out of a pump.

45




4} Optimal Pumping cycles as per clectricity Time of Usa rates.
3) Monitoring the operating hours (of Pumps) in between maintenance.
8) Menitoring of electric POWEr outage at pumping stations,

4.1.0 Water Quality &Contamination Detection:

Nowadays water ulilities are obliged to test and confirm the high quality of potable
waler. This requires constani monitoring of the water quality parameters by SCADA R11Js
installed in remote installations which are configured 1o report to the control center when un
event takes place.,

Benefits: Measurement of the water quality allows performing emergency shutdown, thus
Providing enhanced security for the publicl!

1) Darly detection of water contamination by fault (wrong chemical treatment).
2) Prevention of risk 1o public resulting from a terror action,

4.1.7 Managing Remaote Sites

Propetly engineered SCADA syslems shall allow for seamless commupications beiweey
all RTUs and from any RTU 1 the SCADA Master Control Center (MCe, B

4.1.8 Tnstant Datg Communication™/,

This lunction is highlv important as the Operator must be updated as soon as possible on
Every evenl happening at remole sites, and must have the ahility to send commands which may
have to he implementad right away,

Benefits: Having a reliable communication solution in place provides:

1) Remote menitoring and control ol pumping stations. valves and reservoirs,
2) Tmmediate alert 1o the eperator on any changes or alarm comditions,

4.2 Accumulated Data:
Provides Gpportunity for analvzing the collected historical data in the database o[ the

SCADA compiter . This allows better planning of installation expansions, performing post
event analysis and estimating expected water consumption (weekends, holidays, efe. ).
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4.3 System Health M-::nituringllﬁl:

Waler 1s considered 4 1op eritieal wility supply 1o the public and also for agriculture,
Consequently, municipalities are obliged to provide a high level of service, which can only be
achioved by implementing SCADA solutions that provide commurication coverage Lo all field-
installed equipment.

1} Constant water level monitoring in reservoirs.

=) Monitaring the operating efficiency of each pump.

3} The monitoring of electric power supply W pumping stations.
4) Leak detection along main pipes resulted from hursts.

4.4 Weh Access:

Waler utilities are now seeking new ways to introduce improvements. which may reduce
their operating and maintenance costs. With the introduction of advanced wireless acooss
solutions, ulililies may obtain valuable real time information from anywhere and anytime.
Figure 4.2 below illustrates details ol a SCADA svstem screen. showing he key eleetric
parameters and accumulated flow parameters’”™),

4.5 Management and Finance

Managemen! decision to integrate and operate a SCADA system is aimed 1o 1mprove
their aperation via better collaboration between the of computer hardware, instramentation and
sensors, electric control pamels, power moniloring devices, software programuning, data
communication, equipment and infrastructure. consulting fees, and system installation and
commissioning. Appropriate selection of these components may help achieving the system goals
and expedite the Return on Tnvestment (Rol). The following considerations apply 1o
implementing such SCADA solution:

4.6 Electricity Bill Suving:

Slatistics show that cost of their electic bill represents a significant portion of
waler utilities annual expendilure. I'heretore, saving on the clectricity bill is an unportant task
and challenge

L) Using SCADA solutions monitoring and recording the actual Now from and ealeulain g
the Jorecasted demand for the upcoming hours.
) Pumping the water to the reservoirs using the most suitable pumps
Negotialing reduced cost of clectricily supply with the electric utility and pay for the
clectricity based on time of Use.
4} Monitoring the operating efficiency of cach pump (cubic Iters’kWh) and activating onlv
the healthy pumps.
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4.6.1 Reduced Cost of Maintenance:

Operating maintenznce is probably the second largest expenditure factor considered by
electric wilities. 1hese include the cost of all repairs (damages and preventive mainlenance)
and the cost of spare parts purchasing and storing in warchouses The overall ligure can he
broken down into several segmenls reterting o the installed system:

1) Monitoring ot Pumping stations helps prevent major punip malfunctions,
2) Monitoring pipe pressure (uctuations hel P preventing pipe bursts,

3} Remote monitoring minimizes the needs of traveling to remotc sites.

4) Remote coniral allows activating emergency shatdown in case af trouble.
3) Computerized contral allows more cfTective contral on stock of spare parts,

4.7 Human Machine Interface (HMT) for SCAD AP

The computer hardware is considered the "heart & soul" of the svstem. I'he reason is that
people consider the computer as “main thing™ that makes the « ystem: working. ligure (4.4)

Figure 4.2 : HMI for SCADA

Other important concerns refer to operator raining. Therefore selecti ng a sofiware type
hiving a convenient und comprehensive HMI is as important as selecting the one with the mgst
advanced foatures,

1) Use of [riendly soNware and HMI miinimire need for lengthy training,
2) Simple to understand HMI minimizes human errors and avoids large problems.

4.8 Demand Prediction:

I"anning of a water systern and s¥slem cxpansions are based on the assumplion of
growth in both population and demand. The ohvious ubjective is that the svstem's capacity must
cope with peak demand. Pressure reducers. are ecalibrited to maintain a consistent supply during
normal hours, but they must have remote control on order 1o cope with the peak demands as
well. Demand predicion based on aceumulated data helps achieving:
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1) Steady supply and stable pressure 10 end user customers,
2) Optimally filled reservoirs achieved with maximal saving of electric power.
3) Optimally operating pumping stations and planned pumps’ seyuencing.

4.9 Waler Saving and Losscs Reduction™:

Improperly managed water networks might result in increased cost, insulficient supply
of potable water, frequent travel 10 remote sites, unsatistied customers and more. Such problem
s might be caused not only by operating a poorly maintained infrastructure but also by excessive
use or misusc of waler. Aimed 1o minimize these problems, water utilities are required to
inlroduce improvements by aperating their system bascd on real time data communicated from
remote sites to the SCADA control center:

I} Maintaining stable water flow pressure in central locations alang the pipeline.
2) Calculating sum-check of water flow along the water pipe for loss detection.
3) Reducing pressure during non-busy hours along damaged/leaky pipes.

4.10 Reduced Cost of Damages:

System failures may practically happen anyume and anvwhere, However, by early
detection, experienced SCADA operators can reduce the time from the event vecurrence to
the start of implementing corrective action. Using the analvzed data, they can help improve
operating reliability. reducing operating costs and modemnizing the waler distribution

EL
rlelwrhrs‘{[ I:

1) Replace inefficiently operating water pumps ahead of the failure,
2) Immediatcly act when a cotrosion process along pipe is detected.
3) Prevent small problems wo convert to big ones via RTU or PLe and communications.

4.10.1 Investment Considerations and Caleulations
Ihe annual cost is typically composed of three main components:

1) Capital cost. This caleulation is based on the interest rate of the capital. mitially invested

in the system, and also includes future investments in improvements and nperades.

Annual deprecialion. This cost is related 1o the eguipment. which was purchased o rn

the syster.

3) Operating costs. Mane power, training of operators, ficld transportation, maintenance
costs, ete,

4) Supply Reliability, This faclor combines hoth financial and eperating benefits and is as
important as the purelv financial factors. It leads 1o saving ol water and boosting
customer satislachon,
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4.10.2 SCADA Cost Contributors

Integrating and operating a SCADA system involve the use ol computer hardware,
nstrumentation and sensors, electrical control panels. software programming, data
communication, equipment and infrastructure, consulting feee, and sysiem installation and
commissioning. Careful selection of these components may help making the system expandable,
upgradeable and also afforduble =7,

1) Hardware Lnstrumentation. Although investment in computer hardware is not the most
critical neither the expensive part, it is considered the "heart & soul" of the system.

2) Computer Operating System and Application Program.

3) Communication Infrastructure. The data communication data nelwork used for the
SCADA can be viewed as the "nerves” of the system.

4) Ficld Instrumentation. These devices are often provided "huil-in" with the gquipment ta
be monitored or controlled.

3) Syslem Instaliation and Commissioning
6} System Maintcnance Costs,

7) Operators and Technicians: In order to operarc these systems, utilities must employ well
truined operators who work probably |

8} Other Cost Factors: Field installations as well and sensors must be tested and calibrated
periodically.

4.10.3 VFD and SCAD Arc they worth while investments?
now we start to study two svstem to show that are they worthwhile investment or not

1) Delano-Farlimart Irrigation District

Delano-Larlimart Irrigation District (DTN} is lacated on the east side of the San Joaquin
Valley near the town of Delano-Califormia. The distriet obtains water from the Friant Ker
Canal. Approximately one third of the disttict is uphill from the Friant Kern Canal and the
remainder of the distriet is downhill, Water is pumped from the Friant Kern Canal in both
directions, uphill and downhill. A majority of the pumping serves the uphill users, Downhill
pumping provides service to water users near the Friant Kemn Canal. For the remainder of the
downhill section of the distriet, water flows by gravity (o service water users ™,




Figure 4.3; DETD turnout from the Friant Kern Canal that services an uphill scetion of the
district.

The district currently has 14 varighle frequency drives (VFDs) and a SUpEryisory control
and data acquisition (SCADA) system in place that allows remote and aulomatic moniloring and
control of all district pump stations and reservoirs. Belire this current gystem was in place,
district personnel would manually stage pumps in a pump station o mainiain a water level in a
standpipe near the pump station. Excess water would be bypassed back to the ariginal source,
District personne! would Lave to physically monitor the reservoirs and purtip stations 24 hours a
day, 7 diavs a week.

Benefits
11 Increased level of scrvice
2) Reduced downtime
3) Reduced pump wear
4) Reduction in staff size
3) Reduced vehicle wear
&) Reduced stress on management and field personne]
Capital Costs vs. Annual Nuvings (the actual ¢alculation for this project )
Annual Savings
Vehicle wear =$2,208

Ficld Persomnel=$74.880

Management and Office Personnel= $1 1,360
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Pump wear=56,667
Total Annual Savings=$95.115
Total Capital Cost to District = $447.041

Simple Pavback (Years) =4.7

With the VFDs and SCADA system, the pumps automatically march a set point in the
slandpipe just upstream of the pumps. A computer in the district ollive monitors and collects
data from the pump stations. The pumps ean also be controlled from the district office. Alarms
within the SCADA system ring district personncl pagers, indicating a problem. Using Pe
Anywhere, district operations managers can monitor and make changes in pumping aperations
from theiv home compuiers during nights and weekends.

The results from the SCADA system and the VI'D installations have been positive. The
increased level of service the district has been able Lo achieve is ane of the most important
resulls. Distret persomnel and farmers now have complete confidence thar watar will bz
available when iLis ordered and that it will be delivered at a relatively constant rate, Previously,
they did not have this confidence because of the unpredictability associated with the old system.

The district has been able (o reduce inefficiencics and downtime by analyzing system data with
SCALN.

Analyzing the number of times pumnps are turnad on and off, the number of hours each
pump is rurming. and the flow rates delivered has helpad indicate proklems in the pump, motor
or control program. or if someonc is taking waler when they were not scheduled too, Running
hours on motors can be balanced on the district’s large pump stations by changing the rotation
(when the motors are turned on. relative to the other motors) of the non-V FD motors in the
pump slation. The SCADA system also allows the district personnel to quickly troubleshoot
farmer complaints, such as nol receiving the proper flow rate,

1) Sausalite Irrigation District

Sausalito Lrrigation Distriet (SID) is located near Porterville, California in the Central
Sanloaguin Valley. The district water supply is pumped and pravity fed from the Friant Kern
Canal S1D has installed four VFDSs bul has not installed a SCADA sysiem at this time. The
VEDs were installed on pump stations thal pumnp water from the Friunt Kern Canal into

pressurized pipelines that distribute water throughout the district, SID installed the VFDs so
that!*":

|} Water did not have to be bypassed back to the source, wa sling energy,
2} Ficki personnel did not have tv continuonsly monitor and change the pump in
configuration throughout the day and night.




The VFDs have solved these problems at
The VED automatically matches supply with dem
and field personnel do not have 1o continyall vm
ol service provided to water

their respective pump station since in stallation,
and so that the bypass is no longer necessary
onitor each station. This has improved the level
users by increasing the Nexibility they have in water deliveriss,

Lhe water ordering procedures are still the same, with
part of Saturdays the watcr user is allowed to Operate
installed 1 1o 2 figure 4.6

the exception that on Sundays and
his or her own mrnout. The district has

Figure 4.4: Two variahle Irequeney drives al punip station CILD.

Benefits

Increased level of service.

1) Enerpy savings. _
2) Field personnel have Sundays and part of Saturdays oft

3) Reduced stress on mansgement and field personnel.
4) Reduced vehicly wear.
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Capital Costs vs. Annual Savings
Annual Savings

Encrgy Savings from 3 VFDs — $19.900
Vehicle wear = %720

Field Personnel— 54,360

Tatal Annual Savings = $29,970

Taoral Capital Cost to Distriet = $62,720

Simple avback (Years) = 2.1

With the addition of the VI'Ds. the district has experienced significant energy savings.
L'his is attributed to the reduction in pumped water that is bypassed. The district also attributes
some of the eneray savings to the past operation of the pump stations. If a relatively low flow
was demanded and the water user was near the pump station. the district would af times operate
a pump at a lower head than was designed. This caused the pump L operate less efficiently than
normal.

VFDs have the poiential to save energy. The amount of energy saved will depend on the
current operation of the pumping svstem as well as the [ulure operation. It is difficult 10 predict
axactly how much savings, if any, will occur however, there are many other benefits from VIDs
and SCADA. We are in a new dayv and age, where irrigation water delivery is shifiing [Tom un
art to an industrial process, Pressures from inereasing encrgy costs and environmental issues are
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Chapter Five

Implementation

5.1 Implementation process

5.1.1 The Body
5.1.2 Main tank

5.1.3 Discharge tank
5.1.4 Pump
5.1.5 Hand Valve
5.1.6 Level sensor { pressure scnsor )
5.1.7 Pressure sensor
5.1.8 Liquid level relay
5.1.9 Maodbus VFD control
5.1.10 electrical panel
5.1.11 ventilation fan

5.2 Final shape of the project

5.3 SCADA Monitoring Screen

5.4 Obstacles and solutions
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Implementation:

In chapter three we explained VFD with pumping svstem calculation in case sty and in
our module. I'rom that result we starled implementing the project practically not just
theorenically. In this chapter we will explain the implementation process, providing photos of the
project in differcnt viewpoint, und the target from every part.

5.1 Implementation Process:
5.1.1 The Body;

First part that we worked on | is the hody of the project as shown in figure (5.1), where this
body will hold all parts of the project .

Fipure 5.1; The Body of the module
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5.1.2 Main Tank

The main 1ank in onr project (2001) act as water source and shown in fi gure (5.2).

Figure 5.2: Main Tank
5,1.3 Discharge Tank

1he water discharge on the small tank which shown in the figure(5.3)

Figure 5.3: Discharge Tank
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5.1.4 Pump

I'hree phase centrifugal puinp fixed uader the main

Lank , and the discharge line out from
the outlet shown in fipure (5.4)
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51.4 Pump

Three phase centrifugal pump fixed under the main tank . and the discharge line out from
the outler shown in figure (5.4)

Figure 5.4: Three Phase Pump
5.1.5 Manual Valve
1t is used to contrel the flow amount in, the radintional way by ¢lose it to reduce the

(low or open it when we need to increase the [Tow without any change in the motor speed.
by depend on the consumers request as shown in figure (5.5]

Figure 5.5; Manual Valve
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5.1.6 [evel Sensor

The pressure sensor shown in figure (5.6) used to measure the water level of the lank, the
relation between the pressure and level is linear relation the sensor's analog outpur (4-20mA)
4mA represent the bottom level of the tank also (ImA—- 0.8 Meter).

The level in pumping svstem considered as important signal so the signal of the level sensor is
monitoring by SCADA .

Figure 5.6: Level Sensor

£.1.7 Pressure Sensor:

The pressure sersor on the discharge ling shown in figure (5.7) used o send the sipnal to
PT . ut munual control mode, and this signal used to measure the power loss in the system when
the valve is shutling down to reduce the flow by depend on the consumers reguest .

Figure 5.7: Pressure sensar
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3.1.8 Liguid level relay:

T'his relay (in the red rectangle) shown in Ggure (5.8) used to send signal to PLC at siate:
I- when the discharge tank is full,
2- when it's empty the relay .

Fipure 5.8: Leval relay

5.1.9 Modbus VFD Control :

The VED comneer whit PLC by modbus commincation method shown in fgure(5.9), i's
allows us to deal with pramerer by SCADA screen



5.1.10 FElectrical Pancl

The cleetrical panel contains the control circuil and power circuil and if is protection as
shown in figure (5.10)

Figure 3.10: Electnical Panel . ‘

51.11 Ventilation Fan ;

The ¥FI) should ventilate and we use fan for that as shown in figure (5.11).

Figure 5.11 Ventilation Fan.
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5.2 Final Shape Of The Project

The final shape of the project shown in figare (5.12-5.15)

Figure 5.12 Final Shape Of The Project

Figute 5.13 The Final Shape Of The Project

Bl




Figure 5.15 final shape of the project
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5.3 SCADA Monitoring software -

This screen shown in fgure represntes the screen used to control as

run or stop the all
system and explan the nessecary field data like the flow

JAnax speed and motor power at tull luad
Software security -

*  Thesecurity in SCADA SVstern 1y necessary and
make reliability system.
To assign to the system youmust have a valid user name supported by a valid password.
Ihe figure (5.16 ) shown the security screen when the program turned on

we implemented that in this prajeet to

User name
Admin

Password

e

Figure 5.16 : Software Password

Starting screen :
The screen shown in figure (5.17) appear after sucsses sign in .
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17 : SCADA/HMI Starting Screen .
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VFD Control screen:

The sereen shown in figure (5.18) appear when the user press VFD control in main
sereen and the control will be VFD cantrol , the screen allaw the user to enter the flow value
which is less than the max vilue , then the speed will decrease based this value by lirst affinty
law relation , in this screen the operator can turm the system on and off and monitoring the power
drop afier the speed reduce and the power saving, and the warer level in the tank.
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Figure 5.18 VFD Monitoring Screen
Traditional control ;

Lhe screen shown in figure (5.19) appear when the user press Traditional contra] in main
sereen and the control will be traditional by manual valve, the serven allow the user to monilor
the value of , pressure after the valve close to reduce the flow . and the value of the power loss

[}
by this way by apply affinty law (2™ and 3 ), and also the operator can (urn the system on and
ofl, and the water level in the tank.
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Figure : 5.19 Traditional control screen.
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5.4 Obstacles and solutions:

[-2

We encountered several obstacles during the implementation phase. They are:

Flow value

I'he max flow value caleulated afer the Implementation by using definit volum
of the discharge rank 1o aviod using flow meter with analog oufput value because it's
high cost( 1500 Euro)

[hzchuree tank
We use level liquid relay to stop the motor when the tank js [ull hecause it's full
rapidly .

SCADA soltware
The scada software it's high expensive and it's used for lare application and not
for modular and small project so thate we yse local seada software to relase the jdea

Corunineation device
Ta aveid use RIU and spicial comminaction device we use sthermnst '] .C that
provide the sume function of RTU and it's COMNULCHEtion |

&5




Chapter six

"Conclusion and Recommendation"

E

6.1 Conclusion

6.2 Recommendation
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6.1 Conelusion:

In this scetion we will Ulustrate the main coneluded points that resulted from applying
and the project alse jt 15 present the main aims that we gre achieved from the project we can
sumimary the conclusion in painls -

1= The team work of the project put the aims of the project and studied the thearsatcal part
of the project (theoretical and laws) the team proved that the theoretical method can be
exceuted in real word ad they can be applicable

- From vsed the VED we achieved the main iles (saving energy and puniping svsiem)

- Inthe project we mensured the flow amount after the tmplementation
By calculating the size of the tark matkematically in specific case instead the flow
sensor which is highly expensive and we Eet aceeptable result in (he flow meter is ysed
i large project |ike irigation system and municipalities

JACE I e

4- In this project we used a Pressure sensor in order Lo mezsure the main tank water level i
£4m 10 mention that the resolution in this sensor is L0007 bar

5- SCADA syztem is implemented in thiy project to reduce primitive manne; manitaring

6- The Lithemet telccommunication system is applied in this project to £t a [nst data
transter

6.2 Recom mendation:

Finally it is good to mention some recommendarion that can contribute o the provision
of enhancements to the projeet , could have heen done . but there was 1o pleaty of'time .and not
have the enough linancial stpport we summarized the recommendation in the following points
L= Implement this idea in all pumping systemt thal classilied under varying flow demand |,
2- Using flow in PUmping system to accurate amount of flow in open pumping system .

3- GPRS communication Lo cantrol the system in the far areas,

4 Tomake a more secure system it is viable to design and implement rules for aceess
control and sharing of date like implemsent lirewalls and special people can access to the
program .
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Centrifugal pumps:
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C Centrifugal Pumps
with open impel lee
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Pressure sensor:
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Level liquid controller:
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Schneider PLC "rwido'":

Product data sheet

Characlenstics
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