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Abstract:

This project is Stdying and Analyzing the electrical power flow for a specific
substation * Em Al-Daliah Substation "(33Kv / L1Kv) in elecirical company at
Hebron city, (hese studies depend on real data collected from Hebron clectric power

companyv-HEPCO and put this Data in ETAP Program.

Then make Estimating of Substation loads for 20 years comes, and how the

Substation become from its opcration and service which is offer to customers.

The aim of this Project is the nsing the ETAP Program, which aliow us to Study and

Analyze the Existing Substation by using the Simulation Property of ETAP,

After Making Study the Network, we found the problems it existed in network like if
there a overloaded conductors and high voltage drop and if there is an overlnaded

twansformers, we found that the Power factor is higher than 0.9,




S LIRNEN [TV S OW Ve S B SENPIE e EIVAA(E 50Tt S PN O O -V LN P
Sl Ao il jall ohn adind Sy of Sodyd LSV [ LSPY YR o1 Shaae b da il el

VETAP" 2y e Loty Slilall sy 3 "HFPCO! U801 ol 198 38 43 f ta3al 5 s

Cllanally S el Sl e Al e A g GRS Tt ¥ b (DA Rl Jun] il Lo X

ol e g8, A

;._H:_}HIE.L.LJ' ._MJ i""'J“‘-""ﬂH ,’;:1.”_, JETAPY E.r-..l__,.-: ,.g.\.'n:'s"'_u' [ ij):q:'ll L8 e iingl

b Sl Al ! Apala AlAAEll B g gl

e g 2 gag s Lha o Llad B e we JSLEL 2 imy OIS 0 Adasedl s e il all IS o sl 2an
el Lelen 2 pma g gall 8 el dagsel) S 5 "Overloaded” e Ll 58 Jal ple

o3 G el Al (00 5 5l et o Al jall aka d Lias y B g ilas s




Acknowledgement

I shoudd offer miy thanks and gratirude First to Allzk
My Appreciation to
Palestine Polytechnic University
College of Enginecring and Teehnology

Electrical Power Engineering Department

My Supervisor

Prof Abdel-Karim $aud

Hebraon Electrical Power Company "HEPCO"

Eng. Ayman Hassona

Our fiome land Palestine
(2ar Farhers and Mothers
Qur Brotlers and Sisiers

To Everyonc how love Science

ili




LIST OF CONTENTS

Chapter One: Introduction

O B L o T U UL O 2
L2 Propeet Destrinoths . vt =k s bsbr co Lo s bt 2
1.3  Project IMPOPTANCE: .........coovvrermrirrrrssrresimssssssssissssssssresses stassnssssssesssmsyprasasnsss
BE ol DRI i i s e A e e A R A 3
I O 2 T D T e e T e P ST S PR 3
L Descripgion DF PTOJEEE FAYI o oonrenmmmmramissi e s et it 4

Chapter Two: Electric Power Concepis

2.1  Representation of un Electric Power system: ...cimnmnrmnssme ¥
2.2 Anoverview of the Transtprmers: i imnainninminamasim s
22.1 Voltage, Current, and Transformations-ideal Transformer:................ 9
22.2 MNonideal Transformer and its Equivalent Cireuit: ..o 10
213 Transformer Required and Calenlared Dataz. ......oooooiiiiniininnnn 10
a4  EMclencv oF tTAUSIONMEES oo miiiiiriissermsin miniicsyodsrsiiassisesmierssine 10

P S R 1T 11 B 1 . e PR Py e UT YT b e et e

| 23.1 Transmission Line Iesigbiiiers . ..o i cioit i eiessbosasessassubs s e (sesss asatese 11
1 232 Transmission Line Tnductinmee: ..o e esissss sissmsssssssssass 12

233 Transmission Line Capacitance: .......ciniunammaiiiimnmsinsmeal 3

2.4 Transmission Lines Representation: ........ccovvimiincimmcsms s e msssssmssimssssiensines 14

Z4.1 ShortTransmission Limes ... .ocanin i il 14

' 242 Medinm Transmission Lumer, i Giiiiiisisirmimsissiivoreisisinisssosidin L5
| 24,3  Long Trassiminshont EAME: . i i s s e smasssiristrssoiismae i eis 1D
| 2.5 Difference between cables and overhead line: . 16




e Cabie RN o e e e R e e 1
NI ot s W b Al 0 P e e e L i e e = ] Ll e 17

T R T TR v b o a5 4 L 4 0 VOB AR ek G LA A e BA R 17

L8 -Power Elasw Sty onns e S e 17

OISR PUTIRINNETE. . Lot S i3S o i SV e e )
2,10.1 Balanced Three phase Short ciremit: ..o 23
2002 UnBalameed Fauli.. .o neimeanimmrm i snsseesmisissmesstassssséasraissmmsssssedod

2.11 Voliage Regualtor:...........coovenivinones, eI A e S O e S e L e e 24

12 Power Flow SUABHIGG .. ....ooooobinri o semisiemsennsrmmssssnergmrrsrrimsse e JREATS

Chapter Three: Hebron City Networks(Substations)

= S T e e e e e T ey il
32  Description of the EXISENE SYSTEM ..o s ieessrisssnsseseesenes 27
ol BGOSR S e 28
322 oade BNt s iy e T T 23
323 Medimim Voltape SYREEINL. oo s bl
324  Distribution Transformers: ... i aimsiiiiimimisimmsna 29

3.2.5 Transmission and distribmtiom L ImEss oo e creriessereesresmmasrsssnseees il

4

3 Assessment e PEORELE o s s R AR i A 33
331 Status condition of Hebron Electricity Grid ..o, 33

5 ARG Tl T B T i L e 33

Chapter Four : Hebron City Networks(Substations) after 20 Years

4.1 Litimiating load for TORIET . .o onisimnins i isiesmmssssssisi s 39

4.2 Description of the network after 20 years: ... 40

4.3 Specily the network problems and solving ilz ..., 41




Chapter Five : SCADA System

5.1 SCADA Svstem Deseription: ......cccuuemiinmiminimmsnimrmissesnsassssrsasmassssimsass 49
5.2 Functon® of STALIA SYBIRIEL .o ss paisesassssstnmsss s b sossns 50
5.3 SCADA Svstem Hardware and Softwarei........ciiininin.. Sl

Chaprer Six : Conclusions




LIST OF FIGURES

Figure Number and Name Page
Figure(2.1): Symbolic represcntation of clements of nower system 7
Figure(2.2): One-line diagram representation of the power system 3
Figure(2.3): General form of transfurmer 8
Figure(2.4): An ideal transformer 9
' Figure(2.5): Transmission line resistance 11
“Figure{l.ﬁ): Phases distunces in transmission line I3
Figure(2.7): Representation of short Transmission B
Figut’e:{:lﬂ'j: Reprﬁﬁfent:{tiun of Nominal I circuil of transmission line 15
Figure{2.9): Representation of Nominal T circuit of transmission line IS
Figure(2.10): Representation of long transmission line 15
Figure(2.11): Newton Raphson technique flow chart 19
Figure(2.12): various types of faultz 22
Figure(2.13): Positive and Negative and Zero Components 24
Figure(2.14): Three-phase unbalanced system and its symmetrical 24
components
Figure(2.1): Em Al-Daliah Substation T'ransformers Rating 29
Figure{(3.2): Em Al-Daliah Substation Feeders 20
Figure(3.3): Em Al-Daliah Substation Feeders and transformers 30
| Figurce(3.4): The General form of Em Al-Daliah Substation in ETAP a2
Fizgure (3.5): Zoom in [or Al-Akashn Feeder A2
Figure(3.6): Total losses in Substation 35

Wi




' Figure(3.7): Lines & Cables losses

Figure(3.8): Percentage Loading of cach Feeder 16
Ficure(3.9): Percentace Loading ol each Transiormer 2a
| Figure(4.1): Zvom in for Al-Akasha Feeder after 20 years 4
| Figure (4.2): Total losses in Substation 42
' Figure (4.3) Lines & Cables losses 43
PFi-gure (4.4) Percentage Lnading of each Transformer 13
| Figure (4.5} Static Capacitors(a:Delta connection, h:Star connection) 45
' Figure (4.6) Phasor diagrmuwm* tactor correction 45
| Figure (4.7) Three phase synchronous motor 16
Figure (5.1) : SCADA System for Controlling and Maonitoring 49
Figure (5.2) : Unity Pro software 52
Figure (3.3) : Unity Pro conliguralions 33
Figure (5.4) : Unity Pro M-n_nitm"ing & Simulation 53
' ﬁgﬁi.i} : Unity Pro Superyision 54
‘ Figure (3.6) : Yijeo Citect Progrum 34
Figurn [58.7) : enntrol and monitor for a push-button switch b
Figure (5.8) : General form for Em-Aldaliah substation in SCADA 55
System
Figure (5.9) : Monitoring and Controlling for substation Transformers 56
Figure (5.10) : Alarm sppear as red color rectangular 57

wlil




Table 2.1:
Table 3.1:
Table 3,2:
Table 3.3:
Table 3.4:
Tahle 1.5:
Table 4.1:
Table 4.2:
Table 4.3:

Tahle 4.4:

LIST OF TABLES

Resistivity and Temperature coefficiont: ... 12
MEBIR SIS CHTHIEE 3 aans s nbai b st A S s e M S e e St el

Distribution Transformers in Em Al-Daliah Substation: ..o 29

Lengths ol Lanes & COhIEn 2 v v mmmas s s s e Gl
Percentage Loading of each Transformer: ... 30
Transformers that needs 10 Feplace & ... 37
Loads in Ampere and KVA after 20 vears: ... 40
Percentape Loading of each transformer alter 20 years: 41

Percentuge Louding of cach transformer after 20 years after replace it

Comparison between transformers loading Now & After 20 years.. .42

LIST OF EQUATIONS

Equation(2.1): Voltage, current transformations{Turns ratiol: ........ccccooiiciiinnn 4
Lquation(2.2): Inpuot Power of Transformer:..._ .. 10
Equation(2.3): Efficicncy of transformer: ......csammmsoimasssmiss s 10
Fquation(2.4): Resistance of comdmotor: .o iniiesiiiasiecrsinsssen Ll
Equation(1.5): De¢ resistance affected by temperature: .......cooovevevvvccviiecncisinncnnns 11
Equation(2.6); Per phase indWCTRICE: (..oiiuiiminmmivmnmimiisivismsiimivesisomase 12
Fquation(2.7): FEquoivalent spacing between conduetors: 135
FEquation{1.8): Capacitance of tranemission line: ... 13

ix



Equation(2.9): Efficiency of transmission Hne: ... | 4

Equation(2.10):
Equationi2.11):
Equation(2.12):
Equation(2.1}):

Transmission Regulation: . ...........ccciremmrinsmsienmsnissesarsssisssssrssrses 14
Real Power Between T'wo Busbars: ..., 19
Reactive Power Between Two Bushars: ol 19
Addmitance of Lines or Cables: ... 19




1.1

o

13

1.

1.5

1.6

b

Chapter One

Introduciion

Overview.

Praject Description.
Project Importance.
Project Methodology.
Project Framework.

Deseription Of Project Parts.




Chapter One

Introduction

1.1 Overview:

The main idea of this project is studying the medium voltage electric power substation
sctwork of Hebron city by using the ETADP program. then making (he essential developments
o improvements on the network sueh as reducing the losses |, improving power faclor

scvieving the network stability and increasing its efficiency.

1.2 Project General Description:

s we know, in general. most of the electric power networks in many places in the world

sotior from many problerns such a=s low power factar. high losses, voltape drop and many other
sroniems, Usual, in our country these problems are solved by using traditional and uneconomical
methods without any caleulations of cables or transtormers or any device n system, and these

=ethods need long time and hard work 1o order 1o solve some of the previous prablems.

St this praject salves these problems by using a new technigue that is the ETAP program.
wod in this project the problems that found in Hebron city eleetric power network will solved.

swecially the medivm voltage netwark problems.

s project adopts investipation and analysis and development o Em al-Daliah Substation

= Hebron eily electrie power network (medium voltage) aller plotting it on the ETAP program,
“w program capabilitics and properties allow us to sidy the network from many sides. show the
=win= of the netwark compenents , and solve the existing prohlems and weakness in the network

aod develop its operation.




1.5 Project Importance:

Chis project uses the E'TAP program in solving the network problems. hut it s not the first

=eoiect it Palestine polyvtechnic University that concerns with electric power lield.

e know that Hebron city is considered as one of the most important cities specially in wesl
semk. and generslly in Palestine industrially and commercially. also the larzest consumed
smorey s consurned by the industnial customers, so the clectric power thal 14 led Lo these [elds

= the network must be in Suitable level and in a continuous pattemn.

1.4 Project Methodology:

Collecting Data and information from HEPCO,

Flotting the existing network with its actual values on the ETAP.
Stdving the network and Specify its problems.

= Solving the network preblems and developing ils operation.

iy

Sstimating the load during 20 veurs come,
= Studyving the network how it become aller 20 years and Specily its problems,
Solving the network problems and improving ils vperalion.

+ Monitoring and controlling the network by using SCADA system.

1.5 Project Framework:

e seope of this project 1s studying the medium vollage part of Hebron city electric power

setwork . And there are many aims [or this project that can be summanized as Mollow:
Heducmg the nelwork losses and voltage drop.

- ‘mproving the network power factor,




1.6 Description Of Project Parts.

~ 5= Project contains many Chapters and various appendices . and these chapters can be

semymariyed as follow :

- Chapter One (Introduction)

© zives o general idea abour the project and itz importanca,
« hapter Two (Electrical Power Concept):

“ 5 Chaprer explains many bazic clectrical power concepts, which required to understand

== project.
¢ ®apter Three (Hehron Ciry Network) :

"k Chapter deseribe the status conditions of the network and shows its historical

sevelopment electrically. and gives some important statistics aboul it
 mapter Four (Hebron City Network After 20 Years) :

“ms Chapter describe the network status after 20 years and how it's become.
 Bapter Five (SCADA System) ¢

“ == Chapter describe the SCADA Svstem and how it deals with this project.
* Bapter Six (Conclusions) :

* s Chaprer include the conclusions about the project.
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Chapter Two

FElectrie Power Concepts

2.1 Representation of an Electric Power system:

Any eleciric power system can be represented as a one- line diagram , und every
clement of this svstem hag its own graphical symbol which is known as the symbolie

representation of element of power system Freure (2.1)[1].

Te understand the one-line diagram representation of’ power systems, consider the
system in Figure (2.2)[1]. using generating stations inlerconmected by a transmission
line. From cven such an elementary network as this , it is casy lo imagine the
confusion that would result in making diagrams showing all three phases, The rafings
of ull generators . (ranstormers and louds are speciiied and the voltage levels at the

bhuses are assnmed to be known.

I'he advantage of one-line representation is rather obvious in that a complicated
syatem can be represented simply. A concerted eftort is made to keep the currents
equal in each phase. Conseguently. on a Balanced system . ene phase can represent all
three bv proper mathematical treatment. A further advantage of the one-line diagram

is in the power flow studies.

The one-line diagram rather hecome second nature to power svstem engineers as they

attemipt to visoalize 2 widespread complex networks,




Single Line Diagram Symbols

(Assume Balanced Operation)
@)_ Synchronous Machine
@— Generator
_[@]7 Moter
Owerkead Line Or Cable

l | Tranemission Line

T q
:l— Busbar (Comnection)
—@— Transformer

STIT Eeactor
il i i
— | Senies Capacitor
)(' Circuit Breaker
AV Hesistor

Figure (2.1) : Symbnlic representation of elements of power system,
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Figure (2.2) : One-line diagram representation of the power svatem.

2.2 An overview of the transformers:

Unnmsmrvaio Tk
U Lewed Saniae

oy valiy Tank,

HY mL% Tank Corw Rusbuogs

Sillca Col Prea'ser
i3m Lol ‘.I.q_:r L hange iesis i Rarmale Vil
Pl Camtred

Figure (2.3) ;: General form of transformer.

A transformer is an electromagnetic device two or more mutually coupled windings.
The main parts of a transformer arg: ivon core, magnetic cireuir, high-voltage (HV)
and low-voltage (1.V) sides, or multiple secondary, windings, and a tank for liquid-

immersed transformers and an coclosure for drv-tvpe transformers.




2.2.1 Voltage, Current, and Transformations-ideal transformer

The cquivalent circuil of an ideal transformer can be drawn as follows in Fieure(2.4),
where the equivalent eircuil is used for determining the performance characteristios of

the transformer which is The voltage, cartent transformations in equation(2.1)[2]:

(72 N2 i 2
— ="y And i-lvzr—=a cesenesis Bquation{2. 1)
P M r2 N1

—

Where the subseript | and 2 corresponds to the primary and secondary sides
respectively. This property of a transformer enables us o interconnect transmission

and distribution systemns of different voltage levels in an electric power system.

The Ideal transfprmer casey:

. ITa < 1: The cutput voltage is greater than the input voltage and the
transformer is called a step-up transformer.

. II"a > [: The output voltage is smaller (han the input voltage and the
transformer is called a step-down transformer.,

- Ifa=1: The output voltage is the same as the input voltage.

Where: & tumstatio

‘,;‘rl' :Nr

g s

T; % ¢ I
-
LIS
I"r < {}:- Fs

\

! I !

G I | -

Figure (2.4) : An ideal transformer,




2.2.2 Nonideal Transformer and its Equivalent Cireunit:

IR .i-; & o e

A nonideal (actual) translormer differs from ideal transformer in that the transformer

has eddy currents (core) and hysteresis losses, and has resistive losses (I°R) losses in

15 primary and secondary windings. Furthermore, the core of nonideal transformer is

not perfeetly permeable. and the transformer core requires a linite mmt for its

magnetization. Also , not all fluxes link with primary and the sccondary windings

simultaneously in a nonideal translomer because of' leakage.

)

kil

2.1.3 Transformer Required and Caleulated Data:

When we insert a transformer into case to the ETAP, the following paramelers of

the transformer are needed: -

1} Transformer resistance.

2| ‘lranstormer reactance.

3) Iransiormer X/R ratio.

4) Transformer Primary and Secondary Voltages.
5) Transtormer apparent power kVA or MVA.

61 we must specify if tanstormer status is ON or OFFE.

2.2.4 Efficiency of transformer:

Efficiency is defined as the ratio of output to the mpul, equation(2.3)| 2] for efficacy:

Inpur power = Oulput power | Power losses....... Equation(2.2)

Fowt - Pout

Pin Powd = Plosyes

Lificiency s—— =—— . Equation(2.3)

10




2.3 Transmission Lines:

||]-: -|l

Ihe Transmission Lines are classilied as shirl, mediuom and long lines, [n shart line,

the shunt effects are neglipible. Often this approximation is valid for lines up o 80 km

long.

In the medium line, the shunt capacitance are lumped at a few predetermined
locations along the line. A medium line may be anywhere between 80 km to 240 km
in length. Lines longer than 244 km are considered as long lines which are

represented by distributed parameters.

2.3.1 Transmission Line Resistance:

The first transmission line parameter is the resistance of the conductor. Resistanee is

the cause of PR loss in the line and also result in 1R voltage drop.,

The DC-resistance ol a conductor of length L and cross section area A is given in

equation (2.4)[1]:

e o RO P SRR s 171 13) 4| -

Figure (2.5) : transmission line resistance,

The de resistamee is afttected by the temperature ol the conductor, linearly increasing

by lemperalure, shown in equation {2.5)]1]:

R2=RI(1Ha [T2-T1] ) evrvereernrenrw Equatian (2.5)

11




Where K2 and R1 is the resistances at temperatures 171 and 12 respectively. And o is
the temperature coefficient of resistance. The resistivity and temperature coefficient

of certain materials are given in the next table (2.1)[6]:

Table 2.1 : Resistivity and Temperature cocfficient (at 20 C)

Resistivity, Temperature

Material piQ) - m) Coefficlent, a (C°)"!
Conductors

Silver 1.59 % 1078 0.0061

Copper 1,68 x 1077 0.0068

Gold 244 x 1078 0.0034

Aluminum 2,65 % 1078 000429

Tungsten 56 x10°% 0.0043

Iron 971 % 1078 000651

Platinum 106 x 1078 0.003927

Mereury 98 X 107° 00006

Nichrome (Ni, Fe. Cr alloy) 0o X W 00004
Semiconductors’

Carbon (graphite) (3-60) x 107" —~0.0005

Germanium (1-500) 3¢ 1073 —0.035

Silicon 0 1-60 —0.07
Tnsalators

Glass 17— 102

Hard rubbar 10 = 10%

"Valucs depend strongly on the presence of vvien shyht umounls of impurities

2.3.2 Transmission Line Inductance:

The next transmission line parameter is the inductance of the conductor, Tor three
phase line, having equilaterally spaced conduclors, Lhe per phase inductance s given
in equation (2.6)(1] :

=420 Jn[£| H e Fquation (2.6)
i

Where - D : distance between the centers of conductors.

I” 1 Radiuz of the conductors.

12




in practice. the lhree eonductors of three phase line are seldom equilaterally spaced.
Thus the spacing D is replaced by the equivalent spacing Dy, given in equation

(Z.N11+

_D' = JFDHBH‘DE ........-.-1.-.-“..,._.._...qu”ﬂ{inn I:J:"?]

[
Where :

D12 : Distance between phase 1 and phasc 2
D13 : Distance between phase | and phase 2

D23 ; Distance between phase 2 and phase 2

2 b
' o

DI

Figure (2.6) : phases distances in fransmission line.

X owill increase 1 constant and D increase.

X will deerease if r increase and [ constant.

2.3.3 Transmission Line Capucitunce:

The third transmission line parameter 15 the shunt Capacitance of the conductor.

For three phase hine, having equilaterally spacced conductors. the per phase

capucilunce 18 given in equation(2.8)[1]:

_ 2=, ciwve e quation {2.8)

J:"-".

IIT{E )
,.

13




Where ¢ is the permillivity of [ree space.
X will decrease it r constant and D increase,

e will ineresse i inerease and 1) constant:

24 Transmiszion Lines Representation:

2.4.1 short Transmission Line:

For a transmission line up to 80 km long, shunt effects of capacitance is negligible.

And it represented by the lumped parameters R and 1 as shown in Tigare(2.81[1]:

Z =R +jX

== L AT

Fs

Fa

Figure (1.7) : Representation of short Transmission Line

This linc has two cnds : the Sending and at the generator or at the Power-Trans{ormer

and the Receiving end at the load end.

Transmission efficiency is given in equation (2.9)] 1] ;

Power al reciving end

Soefficiency (n) =
/) e Power @ sending end

Transmission Regulation :

_kr by,

2.4.2 Medivm Transmission Line:

14

*100%.......

E B O s e

coevancoBguation (2.9)

- liquation (2.10)

DA SN

g % [

il

WL AR ) IR AL
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lis considered up 10 240 km long, where the shunt eflecls of capacitance is not
neglioible.

There is twe representation ol medium-length line
1) Nominal 11 cireuit of transmission ling[1]:

n 1.

Wy C L VY
1

oo s W -7

Figure (2.8) : Representation of Nominal TT cireuit of transmission line

2) Nominal T eircuil of transmission line[17]:

Ve

% T
e B () Jl:‘ AL = =

Figure (2.9) : Representation of Nominal T cireunit of transmission line

243 The Long Transmission Line [1]:

Its considered 1o be aver than 240 km long. The parameters of this line is distributed
over the entire lenpth of line. As shown in Figure(2.10) :

g 4 AV
e BAL . mA® L1 =
Lm_m [
vs[ Ve AY Tsm 'w Va
;—- - :  J——
- - ﬁ -

Fignre (2.10) : Representation of long transmission line

15




2.5 Difference between cables and overhead line|6):

The electrical 1echnical differences between the underground cable and

transmission line can be eoncluded as tollows:

1} The cable impadance is less than line impedance, The XJR ratio of
cable s much lower than that of line. "The series inductance of

gable i=s 30-30% lower than that of line.

2)  The cable zoro-sequenece impedance 1s not constant and depends an
many factors, The cable sero-sequence impedance angle is less
than line wero-sequence impedance angle, The shunt capacitance

of cable is 30-40 rimes higher than that of ling,

33 The mapnetic coupling exists ameng phase currents in cables, High
steady-state charging current, [ligh transient charging and
discharging currcnts caused by the process of energization and

de-energization when faults occur.

2.6 Cable Insulation

A very important parameter in cable selection is the insulation type. Insulation
selection should be based on servica life, dielectric characteristics, resistance to flame.
mechanical strength and (exibility. lemperature capability. moisiure resislance, and
the tvpe of location where the cable is to be installed. Common insulation tyvpes

applicahle to medium-voltage cables ars[§]:

a) Cross-linked polyethylene (XLPE).
b) Ethylene propylene rubber (EPR).
¢) Tree-retardant cross-linked polyethylene (TR-XLPE).

These mnsulation materials hove replaced the impregnated-paper designs that may still

be lound in some vlder installations.

14




2.7 Loads:

Load iz any device that utilizes electric power , All loads can be classified as
Resmstive, Inductive. Capacitive or some combination of them. Load may be time

variant,

The composite load on a systein has a predominant resistive component and small net
inductive component. Tnductive loads like induction motors are far maore prevalent
than capacitive load. Consequently, to keep the resultant of current as small as
possible, capacitors are usually installed in quantities ndequate to balance most of

mduchive current.

L8 Capacitors:

The main aim of the capacitor in the power systems is to reduce the induetive current
“Power Faclor Correction”, Capagilors can be groped inlo gither transmission or
distribution classcs. In cither casc. they should be installed clectrically at near to the

load as possible for maximum effectiveness.

When applied properly, capacitors balance aut most of inductive companent of
current to the load, leaving essentially a unity Mower Factor Load. | ke result 1s to
reduce the size of the conductor required to serve a given load and a reduction of PR,

losses,

1.9 Power Flow Study:

Power Flow studies "Load Flow studies”, which is extremely important in evaluating

the operation of power systems, contralling them and plamming  for fulure expansions,

Basically, a power low study yields the real and reaclive power and phasor vollage al
cach bus en the system. although a wealth of information Is available [rom the print
out of a digiral computer solution of typical power flow conducted by o power

company.
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As a consequence of a power flow study, we can oplimize the system operation with
regard 1o system losses and load distribution. The effect of temporary loss of
gencrator capaeily or transmission circuils can also be imvestigated via 3 pawer tlow

study.

Al T g e

The principle of power flow study are straight forward. a realistic study relating to a

power system can be earried out anly wath digital computer.,

..
(I

Numerical compuntation are carried obt in a systemaric manner by an iterative

procedure. Two of the commonly used munerical methods are the Gauss-Seidel
method and the Newton-Rapson method[1][9].

i B

1] b 1“ :II-I

Common Load Flow using Newton Raphson Technigue :

Gauss Scidel was the first popular load flow method, then Newton Raphson was used.

In certain circumstances Newton Raphson gives a greater assurancs of convergence

AR T AT
W el

and 13 also economical in compuler time.

Newton Raphson solves the polur form ol the power low equations until the AP and

AQ mismatches at all buses fall within specified tolerances. -

T'he basis for the Newton Raphson method is a laylor’s series expansion lora

function of two or more variables.

The number of itrerations required is practically independent of the number of buses in
the network to be studied. However, compuling lements of the Jacobean is time

consuming.

Newton Raphson has a much longer ime period per iteration, i requires many less

iterations than the Gauss Seidel technique (4 is typical),

Gauss Scidel requires at least 30 iterations and the number increases with the size of

the netwark being studied.

Accelaration fnctors can be used tor Newion Raphson as well.
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Figure(2Z.11)[9] is a flow char shewing how the Newton Raphson rechnique is ‘
applied Lo load [Tow problems =
PR Y DL P, =3
NS VOEIEE 182 ¥THE
= Coaes o o o

e CEay b
- comenEmsE T e Campiets

}

dpdaie yoidges acd anyles

Figure(2.11): Newton Raphson techniyue flow chart.

e Jacobean is re — caleulated and inverted aficr cach iteration. which malkes it
computationally intensive.

Lhe process 1s ollen started with what is called a flat start, this assumes that all

voltages are | per unit and that all angles are zero.

The key equations are:

E=n =
P =Y [F¥i (g cost) +hy sm@, )] oo, Equation (2.11)
=l i

kon "
0, =3[V ¥, (2, sin8, b, cos6, ]
r=l

cervereanandijuation (212}

F=—=

| e .
- et & TFauation (2.13)
7 Rt
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Input Data Form Y bus matrix Initialize Voltage and angles Caleulate real and
reactive power mismatehes Convergence ? Form Jacobean Matrix Solve Jacubean
equation or voltage and angle updates Updare voltages and anglies Caleulation

Complete.

Fast Decoupled Load Flow:

Une draw back of the Newton Raphson [oad Flow technique is that it requires the
facobean to be valculated at cach iteration. This can be time consuming for large

svstems, This is the same as recaleulating the tangent cach time,

The fast decoupled method avoids this. The fast decoupled method simply uses the
same Langent over and over again. It makes a number of assumptions to simplify the

compulational task.

Assumptions :

a) Itignores the M and N terms in the Jacobean as it deems them insignificant.
It assumes that the X/R ratio is very large and therefvre P and Q can be
decoupled completely, M refers 1o Q and angle and N refers to P and V.

b} Tt assumes that the angular differences between the huses are small,

¢) Inthis case the Jacobean is constanl and is made up of cléments of the Y bus
matrix,

d) Bik many times larger than Gik.

¢) Reactive power injecied into any bus is much less than the reactive power

which would Now 11 a1l lines from that bus were shorted to sarth,

There are potential problems with this algorithm if R > X. It requires more iterations

than the Newton Raphson technigue but is much quicker to converge.

Therefore the Fast decoupled load [Tow technique may be more appropriate for studics

of large portions of ransmission nelwork.
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Fiach bus k is categorized into one of the following three bus byvpes:

I, Swing bus { Slack bus) : There is only one swing bus, the swing bus is

u reference bus for which V) £ 6;. typically 1.0 £ 0 per unil.

2. Load (PQ) bus: Py and 0, arc input data. The power-flow program
compules Vi and §,.. Most buses in @ typical power-flow program ore

load buses.

3, Voeltage controlled (PV) bus : Py and Vi arc input data. The power-

flow program computes Qy and & [9].

The Newlon-Raphson load flow technique 15 very long and complicated way, and to
solve this problem. we used ETAP-Irogram. which acceptable for 400,000 bushars
And it shows the results easily and quiekly without any problems.

210  Fuult Analysis:

Under normal conditions, a power system operate as a balanced three phase ac
system. A significant departure Irom this condilion is often cavsed by a fauit. A fault
may cecur on a power system for many reasons, some of the commeon ones being
lightming, high winds, snow, ice, and frost. Fault give rise to abnormal operating
conditions, usually excessive currents and voltages at certain points on the system.

Protective equipment is used on the system to guard against abnormal conditions.

For example. the magnitudes of fault currents determine the interrupting capacity of
the vircuil breakers and settings of protective relavs. Fault may occur within a
generator or at the terminals of a transfonmer. However, in this project we will be

mostly concerned with faults on transmission lines[1].
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The balanced three phuse short cireut 1s the leasl commonm but most sever fault. and |
therefore determines the ratings of the circuit breaker. Consequently | it is almost

£
nvariably included in fault studies, In summuary. a fault study ineludes the following ¢ =

1) Determination of Maximum and Minimum three phase short cirenit eurrents.

2) Determination of asymmetrical fault currents. as in cingle line-to-ground, double

line- to- ground, line- to- line, and open circuil faults.

ol

(.

3) Determination of voltage levels al strategie points during the fault.

{__.
4) Determination of ratings of circuit hreakers. "|
i
3) Investipating schemes of protecting relaying. 3
Ll

!
|
I
A A A »
B —— B EEmm— B !
C‘T C — E —— ! |
G=< = : [

a b

-

ol

d = .
L]
Figure 2.12 : various types of faults E
Where - __
4 line-to-ground fault b ; double line-to-ground Tault
¢ : three-phase-to-ground fault d : double line faulr{line-to-line fault)
e = balanced three-phase fault I': line-la-ground through resistance
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2.10.1  Balanced Three Phase Short Circuit:

Balanced three phase fault calculations is the easiest calenlations because it can be
carticd out on a per phase basis so that onlv sinple phase equivalent cireuit are used.
e circuit constants are expressed in per unit, and all caleulation are made on a per
unit basis. In short circuit calculations. we often cvaluate the short circuit MV AL
which iz equal to  (¥3*V,*1-*10%)

where :
V. is the nominal line voltage.

I 1s the fault current.

2.10.2 Unbalanced Faults:
Symmetrical Componcnts Method:

For unsymmetrical faults such line-to-line and line-to-ground faults(which oceur more

tfrequently than three phase fzult). the method of symmetrical components is usad.

The method is based on the fact that a set of three-phase unbalanced phasors (voltage
and current) can be resolved into three sets of symmetrical components. which are
termed the positive, neputive and zero sequences, the positive-sequence is a counter-
clockwise rolalion (abe-seguence), the negative-sequence is a clockwise rotation (ach-

sequence) and the zero- sequence components are in-phasc with cach other.

These sequences components are represented geometrically in Figure(2:13), and can
be used to form the unbalancad system of Figure(2.16), In other words, the
unbalanced systiem can be resolved inte its symmetrical components. In some honks,
the positive sequence companent is represented by subseribe "1". The subseribe "2"

and "0" are used for a negative and zero sequences respectively.[1]
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f/ Va0 Vb0 VD
Vo Ve
= Pesitive Negative Zaro
S8 OUENCE sequence sequence

Figure 2.14 : Three-phase unbhalanced system and its symmetrical components

2.11 Valtage Regulator:

To provide a constant voltage to customer, a voltage regulator is usually conmecied lo

the outpul side of step-down transformer.

ILis u special type of 1:1 transformer with several discrete taps of a fractional percent
each over-voltape range of 10%. A voltage sensing device and automatic control
cireuit will position the tap contacts automatically to compensate the low-side voltage

for variation in transmission voliage.

In many vases the same effect is accomplished by incorporating the regulator and its

control eircuits into the step-down transformer. resulting in a combinution device
witlled & load tap changer(1.TC).
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2.12  Power Flow Stahility:

Its mean that the system will remain in operating equilibrium, or svnchronism, while

disturbance oecur on the svsiem.
The three types of stability are :
1) Steady-State Stahility:

esentially relates to maximnm power capability of a synchronous machine when the
load on the maching is gradually increasing, until the machine pulls our of
gynchronism. The power angle characteristics of the evlindrical-rolor and salient-rotor

machines help to obtain the steady-stale stability Timit.

2) Dynamic Stabiliry:

Relates to small disturbances ocourring on the system, there by producing
oscillations, If these oscillations are ol successively smaller amplitudes, the system is

considered dynamicallv stable.

IT the oscillations grow in amplitude, the system is dynamically unstable, The sourcs
ol this type ol instahility is usually an interaction hetween control systems. and may
be slow in becoming apparent. limes of he order of 10 10 30 sec are considered

sufficient to assess the dvnamic stability of the svstem.

3) Transient Stability:

Relates to sudden change of the load, introducing a large disturbance in the system. A
large disturbance on the system causes rather large change in rolor speed. power

angle, and power transfers.

T'he stability of this transient response is usually evident in less than [sece for a

generator close to disturbance.
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Chapter Three

Hebron City Networks(Substations)

31 Introduction.

3.2 Description of the Fxisting system.

3.3 Assessment of the project.
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Chapter Three

Hebron City Networks(Substafions)

31 Introduction:

Hebron lics 35Km south of Jerusalern in amonz mountains in the heart of southern

Palestine, The population of Hebron city is about 300,000 thus if include the

surrounding towns and villages the population of the district becomes 770.000 ¢itizen

[4].

The total area of Hebron city is 30Km® and the district is 1105 kimn®, The areas served

by the Municipality in terms of clectric power is about 80 km”. The electric power

B W Y. U T B R R R R MR A e ———— -
- - » . s

system and service are under the reasonability of Hebron Municipality singc 1948.The

Municipality has a Nexibility in its mandate to generate, transmit and distribute

electricity to different areas in the district ineluding ; | lebron city , Farsh Al TTawa,
Beit Ainon, Sinjer, Halkoul , Wadi Al Samen, Taphouh. etc. The estimated number
of people served by the Municipality in regard 1o electricity is about 300,000
inhabitant |4].

In the carly of 1973 the Municipality started (o deliver the Tsracli senerated power
through distribution network owned by the Municipality The electric power delivered 4
increased from 24.5 MW inl995 10 46 MW in 2004 t0 90MW in 2014 dueto the

normal modemization industrializarion inerease[4].

32  Deseription of the Excising system.
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3.2.1 Entered Network

Hebron electricily company provide us with a sinzle line diagram. Which
contains cables and lines types and length. transformers locations and sizes. The

representation of single line diagram is shown in Appendix A. ‘

3.2.2 Loads Data

Hebron eleetricity company provide us with a tubles contains the load currents !

shown in Appendix B, which represent the actual current for sach faeder,

3.2.3 Medium Voltage System :

Hebron Medium Voltage network is fed from seven main substations which are :
Alras Substarion , Alfahs Substation, Alduhdah Substation. Alharayek Substation,
Algarbiah Substation, Em Aldaliah Substation and albosen Substation. and these
Substations have a various range of apparent power (MVA) , and these Substations
can be shawn by the following tablei3.1) [4]:

Fable 3.1 :Main Substations

20 MV A 2 transformers ol 10 MV A 33/11 kV

I0MVA 3 transtormerz of 10 MV A I kY

20 MVA 2 transformers ol 10 MVA 3311 kV

20 MVA 2 transformers of 10 MVA 3311 kV

20 MVA 2 transformers of 10 MVA I 3IIKV
» Substation 20 MV A 2 transformers of 10 MV A 3311 KV 4
“uh Substation 20 MVA 2 transformers of 10 MV A 33KV i




Hebron cleetric power network has three lie points that connected it with the

Israeli electrical Company ; as follow:

Abu Avash Tie Point | serves Alras & Alduhdah & alhosen Substations,
Alhawonz Tic Point : serves Alharayek and 'm Aldaliah Substation.
Alfahs Tie Point : serves Alfahs Substation.

In thix project, we take the Em Al-Daliah Substaiion a8 caze Study

3.2.4 Distribution Transformers !

Hehron elzctrieal network includes a big number of transformicrs around 700
wansformer, and these ransformers have 2 wide range fraom (100-10000kVA | and the
rransformers that fed by Em Al-dalinh Substation can be shown as tollow in
Table(3.2)[4]:

Table 3.2 : Distribution Transformers in Em Al-Daliah Substation

B a0 YA
= 350 Kva
w400 KA
= B30 HVA

Figure (3.1) : Em Al-Daliah Substation Translormers Raling
k]




The Figures in Appendix C show the Hebron eity Substations and ils Feeders.

Substation I'eeders can be represented in Figure (3.2) & Figure (3.3). which

contain;

Al-Akasha Feeder : contain 4 cansformers.
Al-Saheb Feeder | contain 8 transformers.
Al-Polytechmic Feeder : contain 7 transformers.
Dstribution Feeder | contain 1 translormer.

Zallom Feeder : contain 9 transformers.

e
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Figure (3 2)Em Al-Daliah Substation Feeders.
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Figure (3.3) : Em Al-Dalizh Substation Feeders and transformers

3.2.5 : Transmission and distribution Lines :

The total availahle Overhead lines are about 2800 km and the underground cables
are about 8809 km and 11609 km 1olal length of Overhead lines and underground
Cables[4],

The Lengths of Cables and lines arc given in Table (3.3)[4]:

Table 3.3 : Lengths of Lines & Cables

Feeder Name Total Length Total Length Total Length I|
an over head of Underground | of all Lines and |
lines (m) Cables (m) Cables (m)
Al-Akasha 390 1660 2030
Al-Saheb | 1385 2065 3450
Al-polytechnic " | 2478 2475
|
Distribution d 33 a5 .
|
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Figure (3.4) The General form of 'm Al-Dalinh Substation in ETAP

Figure {3.5) show the details of Al-Akasha Feeder from its cables and lines (Type

A S B R S T

and Length) and its transformers from its kVA and how the loading of each it.
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Figure (5.3) Zoom in for Al-Akasha Feeder
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For example, nansformer number one (T1: 400 kKVA) voltage is 99.73% of
nominal voltage, (hat's means the busbar voltage of this transformer is acceptable,

The wanstormers number ten deliver a factory. the voltage at factory busbar is
98.1% of nominal voltage, ie, its valuc is acceptable. the power Factor for this factory
is around 93% beeause Hebron Electricity Company installed g eapacitor banks

(LOKVAR) for correction the power factor,

Al-Akasha Feeder is connected 1o other Substation in Hebron which is the Alfahs
Substation. When something goes wrong and we wani to get eleciricity from another
source or when HEPCO need to rehabilitation the Feeder, that means that the

cloctricity 1s not disconnect from consumers which inerease the network reliability,

T'o sez other Feeders with zoom-in sec Appendix E.

3.3 Assessmoent of the project:
3.3.1 Status conditien of Hehron Fleetricity Grid:

From the status and the actuzl condition of Hehron city medium voltage nenwork |
we note that half of the 1 1kV system is ready lor ring system, That's mean if Al-
Akasha P'eeder [or example out of service because any error or fixing the FFeeder , it
can be ensy to give cleetricily for Al-Akasha eeder loads from another substation

which 15 the Alfahs Substation from switches and disconnectres.

3.3.2 Electricity losses:

Hehron eity electrical network has amount ol losses | and these losses resulted
from the network various ficlds and customers and its elements. Tn this project we will

reduce the losses [rom existed value to g value around international standard losses,

In general. the power loss in electrical system can be elassified into two main

categorics [11.[2]:
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1} Technical losses.

2) non-technical losses,

1- Technical losses:

a) The technival power loss: is the loss resulted from the generator, transformer.

transmission and distribution of clectricity 1o customers.

b) The loss resulted from the inaceuracy of kWh melers with the well known

meters manulactures.

¢) The important Inss: comes from penalty added to the customer invoice, due to
the low power factor (P.F). The inductive loads conmected 1o the clectric supply, like

motors and tluoreseent lamps, cerate low PF.

"The acceptable power factor to the clectricily supply 15 0.90 or 85, Whken P.F is
less than YU or 85. the customers penalize by a certain percentage depend upon the

connected P.F.
d) This losses is classified inlo [2]:

Load losses (31°R) And Mo load losses,

2- Non-technical losses:

This loss resulted from illegal methods that the consumers use it to avoid paying

the cost of eleetricity they consumed 4],
‘T his problem ¢an be avoid by :

a) Hiding the connection to the consumers kWh meters in a way that the

consumers cannot get an aceess (o the cable.

b) Seeuring the kWh meters by [ixing the meler in a secured box,
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¢) Employing a technical staff for the periodic check up of the kWh meters and

the connection to consumers.

A-The total losses in Em Al-Daliah are around 1.11% aad this losses divided as
shown in Figure (3.7), where Lines & Cables represent the larger percent of this
losses.

Transfarmar
Coppar Losses
1%

¢
¢
3
¢
¢
g

Figure (3.6): Total lasses in Substation

B- The losses in Lines & Cables represent 76 % of totul T.osses of Substation {
Substation Losses is 111 % ) i.c. = 0.84 % _ these Losses are divided into for main
Feeders and as follow in Figure (4.3);

-

Figure (3.7) Lines & Cables losses
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C- | he Loading of each leeder is shown in Figure (3.8)

' o Al-gkasha
® 4l-saheb
= Digtriburtien
\ B Al-polytechnic:
‘ u Ziliom
%2

Figure (3,8) Percentage Loading of cach Feeder

D- The Loading of each Ttansformer is shown in Figure (3.9)

TE I E CE @8 S CTECTECE BB "EICE CYE TE TE W OTETE CCE ETE TECE M OTE W T .

f—_

T T

TA7TaSTa3 Ta1 T30 Ta7 a5 T3 T3L T2 T23 T21 TI9TIF TIS T13TL
Transformer Loading

LR ST R T T TR TR R

Iigure (3.9) Percentage |.oading of each "Transtonmer

Transformers | osses represent 24 % of Substation Losses, 1.2, = 0.2664 % of

total losses in Substation.

To see the details of each transformer from its number and in which [eeder is presence
and how its loading percentage see Appendix D,
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Transformer

Number

Table 3.5 : transformers that needs to replace

IProm this table we see that most of transformers in yellow color have high losses
becausc its loading below 60% | this make high iron losses in these ransformers. and
we know that transformers work at maximum elficiency when its loading is around
(63%-75%) . so the solution of this I"roblem 1s to replace these wansformers to

transformers with less Apparent Power( kVA) as follow in table(3.3) where the green

color is the percentage loading ol transformers atter replaced transformers :

Transformer

Apparent Power

(kVA)

Percentage

Luoading

New
Trunsformer

(kVA)

433 Y%

| 47.5 %

38 %

46 %%

43.2 %

39 %
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transformers losses e 176 % ol all losscs in Substation.

These Transformers (Which loading is below 60%) represent 66.15% of all

When Replace these transformers as shown in Table (2.3), Losses decrease by 5,.35%,
Thal means its losses become 0,165 % of all losses. The Appendix F show the

Losses in transformers and Tines & Cables in Substation on ETAP program,

Noew ’
Percentape :
Loading




Chapter Four

Hebron City Networks(Substations) after 20 Years

4.1 Estimating load for future,
4.2 Description of the network after 20 yenrs,

4.3 Specify the network problems and solving it,
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Chapter Four

N e W -

Hebron City Networks(Substations) after 20 Years

4.1 Estimating loand for future.
To estimate load . we use this equation
EV = PESEERY . oveoimninvrnsuns equation{4.11[8]
Where :
F¥ :Fulure value.
M 1 Present value,
r': Percentage in %,
n : Number of years.

We take (14r)" asa percentage (%%).

‘The Annual load growth in Hebron citv is 8 %[4], and the Em-AlDalizh
Substation represent 10 % of Total load of Hebron city [4.

LR R R T R R R R R R TR T T B e e e e T The Gl _Ha Bia T B Th B T K. 5. T ]

l'o calculate the future value of Em-Aldaliah Substation for 20 vears come , we

followw these sleps:

T=8%* 10 % = (0.8 % =0.008

L L Y]

n=20

L4

(1) = (14 0.0087" = 1.2 = 120%

L

3=




So each feeder in substation is multiply by this factar "1.2" to give load after 20

vears .

4.2 Description of the network after 20 years.

For Five Feeders in Substation the loads become as follow in nexi able -

Table 4.1 : Loads in Ampere and kKVA after 20 years

Feeder Name

Load (Ampere)

Feeder Name

Load (kVA)

Max | Min | Average ‘Max | Min | Average
|Al-Alkasha |78 |30 |545 | Al-Akasha | 860 | 330 | 600
“Alsabeb 1662 |6 |87 Al-saheh 1350 [66 | 960
Al-polytechnic | 240 |66 | 153 Al-polytechnic | 2640 | 725 | 1680
Baton Zallom | 240 | 48 | 146 | Baton Zallom | 2640 538 | 1600
Distribution |10 |45 |7.77 | Distribution | 106 |48 |85
|

Ihe lablefd.2) in Appendix D show the details of each transformer from ils number

and 1 which feeder is presence and how its loading after 20 vears,

From this table we see in Figure (4.1) that some  of transiormers in red color is

overloaded because irs loading is more than 90 %. so the solution ol this Problem is to

replace these transformers Lo trunsformers with large Apparent Power( KVA).

Figure (4.1} show the detuils of Al-Akasha Feeder from its cables and lines ( Type and
Length) and its transformers from its kWA and how the loading of cach it. And We

see from ETAP program that the overloaded transformer will change its color to red.
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Figure (4.1) Yoom in for Al-Akasha Feeder aller 20 years

4.3 Specify the network problems and solving it:

Mast of transformers after 20 vears have a percentage loading more than (60-70)%,
that’s mean its efficiency s increase. then its losses will decrease, this make its
operation more beneficial. most of factorigs in this Substation don’t produce harmome

hecause its operation depend on resistive loads such as Heating like a Nylon factorics,

But hefore replace transformers . we make a comparison between existing

network and nelwork alier 20 years in table (4.4) in Appendix I

From this table we see that most of transformers which is loading below 60 %
(vellow color) will become more than 60 % afier 20 years, so the transtormers will be

replaced as follow table(4.3) where the blue color is the perceatage loading of

transformers afler replaced it
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Tuble 4.3 : Percentage of Loading of each transformer alter 20 years after

replace it
Seeder Name | Transfurmer Transformer Percentage New New
Number Apparent Power Loading Transformer | Percentage
(kVa) (kVA) Luading
5L-ANASHAH 110 16/ 250
TS B 300
114 400 b3
115 251} 400
EETRIBUTION 117 250 160
| 112 50 160
132 [ s 3565
m . L6k JU
‘T8 250 300

A-The Total losses in network is a round 2% after 20 years and its divided into 3

components as shown in Figure(d.2).

Transto et
Copper Loni=e
240

Figure (4.2): Total losses in Substation
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B-"The losses in Lines & Cables represent 70 % of total Losses of Substation (

Substation Losses is 2% ) i.e. = 1.4% | these Losses are divided into for main Feeders

f;

Figure (4.3) Lines & Cables losses

and as follow in Figure (4.3);

C- The I.oading of cach Transformer is shown in Figure (4.4):

- Il-ll'.'.""-l'.'-"-"-'--‘-"'-'.‘-""'-"“‘ﬁ"l-‘"-"_“"‘-'-"

TAT 748 TeL T3E Y35 T32 TIE T22 TI1S TI6 TI3 TI0 Ti

Transformer Loading 3

Figure (4.4) Percentage Loading of each Transformer

Transformers Losses represent 30 % of Subslation Losses, i.e. = (L6 % of otal '

losses in Substation.

Overloaded Transformers (Which loading is above 90%) represent 25% of all

transformers losses ; i.2. 0,15% of all 1osses in Substation.
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When Replace these transformers as shown in Table (4.2); that means merease
ransformets Loading, Losses decrease by 3.35%, That means iis losses become
0.145% ol all losses. The Appendix F show the Losses in transformers and Lines &
Ciables in Substation on N'TAT program.

The resistance of underground Cables is less than twice of Overhead Lines. this make

lagses 10 reduce oo,

43.1 We can summarize network problems as follow:
13 Low Power factor in some Factories:
Low Power factor has disadvanlages like ;

a) Large kVA rating ( Transformers and Grid-Power):

Qo L i equation(4.2)

1 -‘—,—-P—— ..... equation(4.3)
JERPEY
¢) Large Copper Losses;
P..=L"%R ... equation(4.4)

¢) Voltage drop n lines and cables:
Viy =1 ¥R ........8quation(4.5)
[} Poor voltage regulation.

2) Losscs at Consumers Side.

3) Vollage Drop.
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+3.2  Solutions of network prohlems:

1) Improvement Power factor

A) Static Capacitors;
= ' - b il _!__ i Lnad
I ‘—
|I | 'n i.‘
- < -
¥ s ]
E
* b

Figure (4.5) Static Capacitars(a : Delta connection . b : Star conneetion)

Figure (4.6) Phasor dingram for power factor correction

T T T S P ey g e, Ea e i e R R

The advantages il : '
- Low Lusses. :
- Require Little maintenance.
- Easily installed,
The Disadvantlages ifit :

- Shorl service life (10-15)vears.
- Fasily damaged il voltage incrense to unwanted value.

- Tneconomical w repair it
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13} Symehronows Motor (Condenser):

Synchronous mator running al No-Load & Over-excited; that make current to lead
voltage (small eurrent angle)and its behavior as Capacitor.

When such & machine is connected in parallel with supply. it takes a leading current

which partly neutralizes the lagping reactive components of the Load: thus the power
factor is improved.

. i - -y loan | |

!
24 .
":} ul, .y
| . I.ﬁ;. S

o F—p-ﬂ.ifm-n..-q

Figure {(4.7) Three phase synchronous motor
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The advantages ifit:
- Step less control of PF.
- motor windings have high stability at short circuit.
- Hasily to disconnect when fanlt is oceur. .
The Disadvantages ilit : i
- Maintenance is high and Produce noise.
- Lasses in motor-windings.

- Cest is greater than Staric-Capacitor except if it rating > 500KV A, :




C') Phase advancer :

Used for induction- motors and connect al rolor circuil as {current source), 8o the
motor providing ampere-tums o rotor cireuit , then the induction-motor can he

made to operate on Leading power factor like Symehronous-muotors,

21 Reduee Losses at Consumers Side:

By improving power factor > current decrease and Losses decrease:

P

= =J R
N3 pE

BT L

) Volage Drop Reduction:

a) Step tvpe voltage regulators by installed it on grid, and it consist of Aute-

transfyrmers and a Tap-changer.
k) Shunt Capacitors (The most widely used method),

¢) Voltage drop reduced automatically when improving power factor;
P

- b Vf,?'mr —
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Chapter Five

SCADA System

51 SCADA System Description.
5.2 Functions of SCADA System.

5.3 SCADA System Hoardware and Software.
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Chapter Five : |

SCADA System ol

5.1 SCADA System Description.

SCADA (Supervisory Control And Data Acquisition) is catezory of’ sollware
application program for process control. the gathering of data in real time from remaote -

locations in erder to control equipment and conditions,

SCADA is used in power stations and substations as well as in oil and in gas refining, i
telecommunications, power distribution, encrgy management, transperiation. and

water and waste control, :

¢ Unlverainy
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5.2 Functions of SCADA System:

The SCADA system linked rogether the eify's power options to use the most efficient
power oplion (o meet the power demands on the ity municipal power system. The
SCADA systemn is also used by neighboring communities to control their power

svstems.

SCADA systemn has many functions, and modem SCADA systems may be

incorporate the following fumetions :
A) System Control:

1} Electrical cirenit breaker control,
2) Voltage regulation.

3) Capacitor control,

e e R T Ehe e i T e T T e T T T e The T 20N by _J

4) Load management.
3) Tap changer control.
6) Service restoration.
7 Loss reduction,

&) Fault isolation,

9) Miscellancous device control.

& TR T L - L R T T Bt Tla

1) Svstem Monitoring:

1) Remole stalus(Digital).
2) Remole status{ Analow).
3) Status sequence of evenls.

4y Analog sequence of events.




C) Demand Side Munagement:

1) Vohage control.

2) Optimal heal rate/unil commilment.
3) Load shedding/duly eyele.

43 Supply side management.

D) System Management:

g e e, e Sigm Sam ek ek S S gm Sgm s e

1} System data’ status archiving.

}

y

7) Activity analysis. !
i

3) Sequence ol evenls analysis, !
¥

- L b |'

4) System loss reduction. 2
»

5) System analysis, ;
]

E) Advantages of SCAD svstem: :
| 1) The electrical network will become more [exible and controllable.
| 2) We can receive signals tell us if hazards occurred in the syslem.
3) Allow us to conneet two or more electric systems together. and control them.

4) Allow us o monitoring and controlling the networks from far distances.

53 SCADA Sysicm Mardware and Software:

SCADA systern include hardware and software components. The hardware gathers

and leeds data into a computer that has SCATA software installed. The computer then




processes this data and present it in a time manner. SCADA also records and logs all

events into a file stored on a hard disk or sends them (o a nrinter

5.3.1 Unity Pro Program :

The software used for SCADA System is the Unity-Pro Program where (he Unity-Pro
is connected with PT C-devices w downloaded programs on it, we can Control and

Monitoring Systems by this program,

Unity Pro Software

HARDWARE CONFIGURATION
VARIABLES DEFINITION and ASSIGNATION
EDITION (LD, ST. FBD. SFC)
BUILDING (COMPILATION, LINKAGE)

DmﬁrLDAD

RUNNING Optional

Figure (5.2} : Unity Pro soflware
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Figure (5.4) : Unity Pro Monitoring & Simulation
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Figure (3.5} : Unity Pro Supervisiom y
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5. 3.2 ¥ijeo Citect Program ; ’
]

This software used for SCADA System where the Unity-Pro is connected with i, we '
can Conlrol and Monitoring Systems by this program for Huge factories and plants :
comverting and distribution of electricity Thal needed 1o monitor and control every '
y i

moment. Vijeo Citect Program is Controls and monitors the long-distance up 16 a few :
kilemeters while Unity Pro software used for Medium-sized factorics and does not '
need long distances. ‘
Vijeo Citect .

aErlgil Fad .

Schneider

Figure (5.6) : Vijéo Citeet Program
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For example, in Figure (5.7) we can contral and monitor for a push
when the switch M0 is off the cirele eolor

-button switeh.

is red, and when switch M1 is on the eolor
change to areen,

Figure (3.7) : control and monitor for a push-button switch

Inthe same way, we can control and monitorin g tor Em-Aldalial substation,

where the substation general firm as follow in Figure (5.8);

W ner T omrm
Figure (5.8) : General fonm for Tm-Aldaliah substation in SCADA System
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From this SCADA svstem we can eontrol with Push-buttons (Cireuit-Breaker) to
switch it ON or to switch it OFT, the relays used [or monitoring the Feeders loading

and Main transformer loading.

We can contral for main-esders only (Five Feeders in Substation) and for main

two transformers (33 KV /11kV),

l'or examole il the Al-Akasha feeder cleetrical load exceeds a specified valus, or
if fault occur at this feeder, the relay can Senses this imbalance and 1l gives a signal
tor the Circuit-Breaker to swilch OFL.

We development the SCADA svstem to monitoring and controlling for any

transformer in each Feeder.
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Figure (5.9) : Monitoring and Controlling for substation Transformers

il transformer electrical load exceeds suddenly with unexpected value. Alarm
appear in the SCADA screen to give indication and 2 signal that this transformer
where something goes wrong.
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This alarm appear as a Rectangular inside it there are transformer mumnber and ¥
a - r - ey L .

Peeder name surrounded by red color indicates that fhere is something wrong and if )
repaired this wrong, the red color changed o green. I
!
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Figure (5.10) : Alarm appear as red color rectangular ,
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As shown in Figure (5.9). all wansformers are working (In Service), when one of i

these transformers go cul of service or more than one, its appear as Rectangular with

red color as shown in figure (5.10).

Same alarm appear if transformer Switch-OFF and go oul of service, this make

easy to know where the wrong is happen (Number of transformer and Feeder-name). :

SCADA warns when conditions become hazardous by sounding alarms, SCADA
sysiem are successful multipurpose utility management and control tools, The state of
art in SCADA has advance so rapidly. that even experienced utility cngineers arve not
fully aware of all [unctions provide by SCADA.




Chapter Six

Conclusions

The Conclusions of the project can be summarized as follow:

1) Hebron electric power network has losses, which i the technical losses. Bul its

vilue is acceptable.

2) The Load flow results of Fm Al-Daliah substation show that the Power factor
i% higher Lhan 0.90.

3) Most of regions has o Nominal valtuge with acceptable voltage drop.
4 The most Feeders has balanced Toads.
57 There is no overlnaded conduetors,

6) [ osses from transformers are reduced by replace its capacity or increase its

loading unil equal Lo (BO-T0)%,
7) There is no Tarmonics in Network: hecause most of loads is resistive-loads.

&) Replace Overhead lines by Undergroumd Cables reduce losses heeause cable

regivlance iy lesy than twice of pverhead line resistance.

9) HEPCO at present not noed to replace transformers which is percentage
Ioading iz less than 60 % hecause this percentage will inereass by time.

10) We make development of SCADA system by monitoring for all transiormers

in substation.
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Appendix A

Single Line Diagram Of Medium Voltage
For Hebron City
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Appendix B
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Table Of Load(Ampere) Values For Em-
AlDaliah Substtaion

T g e

]
¥
L]
L]




4010005 13e30

010500 | 12820 |

81401 10:00 | e

i e

40115830 | 12639

412000 | 0 dmern |
e _"IFETI:_IT

I 401:35:00 12390 |
14013500 12180
M401:40:00 | 11960
MOI4500 | 11680
V401EMI0 . fimen |

4002500 1410
4003300 ﬁi’éﬁ]
13380 |
sos0s| s
4 00:4500 | 132680
N400ERC0 . i3i4n
HA008500 | 12800 |

|
|
—

M4 DISEOD | 197.00 !

.f_of:?uﬁ:ﬁj © fivea |
40208500 | 1400

T4 057000 | 11Z.70 |

34 021500 11300 |

408 2000 11450 |
214 072500 BEET T

114023000 | 144,40

914 024000 | 0800

pitionn]_

11040

S40xis00 |
1£0320:00 | 108.10 |
A 032600 | 108,90

M4.03:3000 | 104 [
4033600 {1480
R140340:00 | 10880
in ﬁ&'ﬂ?b’ﬁ']" _ﬁu_&‘ﬁ"f B
'_s;'i;'r_j:ﬁ@:éd ! 108 60 i
4 q&Ei:lq.'[ —t 140 |

4020800 iigE

1040 |
S 1nse |

eel

b
|

e
153.40 |
158210

145,30 ]
T"i:4 mﬂl
4370 |

ELTRH

15640 |
- 137e0 |

450
12660
10 |

o

13‘?.'55"!

s |
2330
12380 |' B
12340 |
122907
121,10

11810 |
12180
12280

11880 |
11660 |
~ §15s0
RELE:
1700 |

T naan
11600 |
19880 |
11830
120 16 |
1580 |
116,00 |

17630 |

12180
Nraoo |
M6

117.80

178.30 |

—_—

16,50
11s08"
111.20
f1a7a

Sy
150,50
147.30

B i
eda

3870 |
138.70
13460 |
13260 |

“13zan |

12820

A#mol |

156,70 |

12520

R
12340 |

12380
12080
11980 |

= "i’" 1860 |‘

T1B 60 I
11820

11820

08 a0 |

- = R= S o ! i i | '. A | & E
TS e T T T S e e e R |

11080 |' =
1'|'| |

0810
10740

EETCEL RN
T fit4n
— T

111.20
108 i_l:i"

RIEE)

tu‘rﬂni e
" to7eg |

1&3&!'

122000000
10310 | i

106.30 |

10990 |
voen |

- g




4 040030 ] S 300 [ 10460 | 561 | 2Fea | B
S4 040500 | 107.10 | 11470 | 10060 - 2600 "0 | B
4001000 oem Haae 106,10 2500 | Ea0
554 04.15.00 | 105.60 | 11580 | 10840 | 530 2880 0
SOLIINT| TR | vmmo| B s — ma| )
214 04:25:00 | 10650 114 70 w70 | 2@ - 2880 )
404 30:00 108,50 ; 115.20 | 11020 | 2540 2750 |
14 04:36:00 | 10760 | 1660 | 10780 | 28.40 | 80| )
404:40.00 | 10E B0 | 11830 | 11140 i 25200 B 2870 )
4 DA ; 150D | 12240 | 1800 | 2580 | 209 3
4045000 | 183 | 12550 | mso &a | 2860 | |
44600 | 1IGED 12500 11530 780 | = 2840 | )
44 050000 | Rl . 12010 . 11350 2660 | -
< I Y Y | B
14051000 | 12870 | 134.10 120,30 3470 | 460 | |
14 05:15:00 | 13050 138.70 | 12570 3470 500 )
4052000 13000 136,12 [ 12520 - a368p | o )

.5| gl e
BE 3

4062500 | 13200 13880 | 128,50 | 3400 |
e T T - “32E0 |
405:3500 | 13050 14025 12930 mam
214 0540:00 | 3630 13970 | 12670 | 3200 |

& &
=
— L
-——

WOBe600 330 3sen 2480 T T ma
405000 1280 3z 12850 T sl M0 | |
L ) E— Be0 )

406:00:60 | 12070 janeo | WmH | e !

4050500 | 13610 | 14730 | 1A ] 580 wan | 3580 | O

4061000 | 15550 16489 15520 050 450 | 4260 )
14 061520 | H60an | '1'?_117_21}"‘ ] 16770 | T 210 0 4200 aq3p | |
Sie 082000 teean | 185.40 | 15770 | 44.20'[ ' A'r'.'fli"j 4380 | !
24083500 0 18140 | 180,30 15280 3g@0 4360 4120
204 05:30.00 'i’d’éiil.ﬁ'i' 16720 15160 ' a«.ﬁ:’a’i 4400 4080 |
iy I | Skl sl __ & 830 o) e
214 OF:40:00 | TR0 | 185,06 148,50 | A7 B0 4316 | 010 | ¥

14084500 | 14330 | 15570 | 15040 310 A2n | azeo| A
2065000 1 fard0 18820 wWR  @mm| wmen— ‘aian|
14066500 15380 | 1030 | iemed | e 4580 | amen | *
4070000 | 15800 16310 1m0 4140 - T I8

14 07:06:00 | 157.50 16430 | 155.00 C MB 45.50 | 48R0
071000 | 15000 | 186.07 | fzie | @80 oo azm

014 07:15:00 | 18030 | {ssen | 16210 | - a200 | - M0 B _ﬂigc-_li t

4072000 | 16400 | 17350 iG540 5.40 | aBT0 | - dpzo ¢

014 O7:25:00 | 1750 | 17960 | T 4B | £2.20 51,30
D% 07:30°:00 | 17330 | 1080 | 17058 | s080 i 5280 | 5180 | *
=14 073500 | 17660 | :Iﬂ'i".:fu'!’ Bl ) 5220 - 5310 | ¥ 5380 |
R AT A 70 C — e

014 074500 ~ 18t4D | TR | == BRI Eﬁl © sp4p R —— 5360 | *
D14 0765000 | 17890 | 166.20 | 17830 | =T i s |
14078500 | 18070 | ZoT.e0 | 196.00 | E640 | 6280 |  &oen |
24 080000 18590 | 2084D J 19560  saE0 &8 ' 6l |
o14080500 | 19770 2240 | zms0 | '53?E'| — 63200 guEo




408:10:00 |
4 08 1500 J'
4 98-20:00 |

4031500
4 084000 |
04 DB 45D |
14 066000 ;
UES600
4070000 |
4030600 |
24 0B 15:00 |
14 09:20.00 |
4 00950 F
4083000 |
i di]E:EE_r:'Dﬂ_ i_
212 U 40:00
14094500

14005500 |
14 12:00:00
4 10:05:00 |

214 10:15:00 |
4410 20:00
092 10:25:00 |
V4 10:30:00
=4 103500 |
S 10:40.00
D14 104500
14 10:50:00
14 10:55.00 |
14 11:00:00 |
214 110500 |
4 11:10.00
B4 111500 |
14 14:20:00
Bis 112500 |

4 0EZ500 | -
4 083000 |

40090080 |

H40050:00

4 10000 |

21230 |
zﬁ.m_!
2089 |
71980
PP1ED |
2320
22240 |
22920 |
22870
24250 |
23510 |
23680

25870 |
260.50
25110
250 80 |
265 10 |
S
267,10
258 50
8310
27500
T orisn |
256480 |
270.90
7220
X740

- St e

014 11:30:00 | 370,20

D14 113500 |
714 11.40.00 i
g n;'ii:.ﬁu_lf'

012 120000
4120800 |

G4 421000

NA1ZA600

0|
5646 |
28EAD |
C2EEE0

25360 |
329 30 |

24500

22340 |
22280
2520 |
23690 |
230,00
25700 |

24140 | j

251 B0
24780
#6030 |
G
256,40 |
35100 |
25020
—
25850
8B40
27270
27520 |

28260 |

25430 |
274.80
Z7oAD |

267 60 [

27220 |

- gETO0 |

- 21540 |

T 2240 |

21570 |

213.20 |

2540
25000

251 10 —?'iau",i'
260,00 B3SO |
28380 & 80,56
265.10 a0 |
253,20 | 7530
28230 | 7810

1

25540 | w620 | T
2330 | © sT20 . 7480
e 5610 | 7545 |
24350 GeE0 | 7580
28650 ek e |
26270 | 6360 77.00 |
74880 | 7020 | 7540
240 80 gsaz | 7480 |
257 10 7000 ‘N “fi.ﬁl'

= e
Ssigied
5 20
E1'_'74-1:|"] .
78 80

=
- T T T e ekt



4 3-05:00 | 244.00 | 260 80 | 24140 | r9.30 BGAD | 7240
e 1310 241,70 | 248 10 238 70 TEED 83.60 1.20
£13:18:00 25610 25350 24360 78.50 8510 | I 7a.7
£ 13:30:00 | 240,20 | 25830 243.20 ' 1870 g 50 | 3560 |
+13.25.00 24650 25050 | 24830 7850 82 80 20.10
% 13:30:00 | 24910 25540 24660 78.00 BEAD SR
$1235:00 24270 | 15820 24400 78 90 33,10 7860
413.40:00 L3660 25200 744.00 : FATO | 8390 0140
* 134500 | 2475.00 a0 247.30 | 7630 8070 80,20
£ {360:00 | 245.70 252,10 247,50 75.40 | 7800 | 748D |
: { ' 24580 243.20 7530 | 720 |
190000 | 240 40 | 24910 240,40 | 7250 | 7260 7200
1405:00 | 23100 246,50 | 23350 | 7390 | TEED 75.30 |
L 141000 223 50 741.20 | 23430 7500 | TEAD | 76.40
4 14:15:00 | 24030 | 251,10 24380 77,50 - 81.70 | 78,40
% 142000 | 24550 258.20 250,60 az i | B4.20 | 83.50 |
4 122600 | 23410 | 247.50 235,80 | 7760 | 6410 | 7880 |
$4 14:30.00 | 24470 | 26030 247 50 7593 | 8040 7530 | )
‘1143500 23870 25490 | 4750 | ' 7770 | i gne0 = 7ea0 )
4 14-40:00 23810 35580 24730 FAT0 | 2020 | 7780 | ¥
4 14:4500 | 23620 25540 241.70 82,90 5210 | g2e0 b
14 145000 258,70 | 28760 281.00 | 7B.30 T 8060
L 14 EE00 | 24880 28100 | 2E210 | 5030 32
‘4 150000 | 241 40 6B TO | 247,80 | 76.80 | 80.60 7780 | )
4150500 24500 | 25800 T 2m010 | ' ' 7500 ' :
4 15:10.00 | 250,80 26850 254 70 77.00 A0.60 a C7EA0 | )
14 16:15.00 | 254.40 | 25420 25570 | 1870 BRLELY 7820 |
14 15:20:00 246,80 2520 245 50 82.00 | 82.40 6280
"4 15:25:00 | 254,70 | 28100 28700 7890 | 0.0 | RE0 |
4 1530:00 24370 | 6030 245,50 74.20 83940 | 7570
o4 153500 | 262,70 26280 | 252,10 | 76.60 78.20 | 7870 | )
: ' 25570 | 348 A0 79.40 | 1,90 | 8120 |
14164600 242720 | 26130 241,70 74.20 | Bl a0 7600 | ¢
185000 22170 25570 | 24070 | 7360 | 78.80 74 50
T4 156500 242,00 e 70 | 24170 | i 210 | a0z | = 7420
‘4 15:00:00 | 24800 | 26310 | 24830 TEED Az40 820
14 16:05:00 | ' 258.20 | 245.00 72.70 7080 | 7530 |
4 161000 24020 | 253,10 242.70 7590 | 890 | 7550
14 1615:00 | 24600 | 26230 24800 7870 | szan 7940
14 18:20:00 | 24730 26100 209.60 | TI0 |
4152500 | 247 8D | 25070 | 24800 a0 30,30
14153000 | 241.40 255.20 23670 7750 | 8120 Y750 | 4
14 183500 | 243,50 25020 24530 74.70 | 3 |
I 758 B0 | 24520 7470 g1ap | 74,50 |
4 16.45.00 254.70 | 252 60 26490 | 70 | ois0 TFE00 | 8
4 165000 751.40 26180 | 25090 | 8130 | 82,30 | ' atzo | ¢
14 16:55:00 ' 267 40 251 40 7530 7o00 | 74.00
14 17,0000 | 25620 | 27020 | 25640 77.80 8180 76 90
14 17-05:00 | e | ‘DES N 22131 Y0 | ‘B3.4D | 030
1417,10:00 | 26890 | 264 50 266 40 | BO30 | T ar.on | a0.70

-
£
o
=
%
E

g
=]
= T (TR T T T e T -

[==]
I
i-s
(5]
14
-
T
L]

-

Wl
in
=1
©
<
L
-y
Ly
FEy
=3
-

-
=}
wn
-
=
E.
g
th
T
=

E
bl
o
=

E
&
3
|

4
-
o
=
B
LS ]
P
M
B
o=
=
‘-I.E
o
=4

Bk
i3
o
=




14 17:15:00 240 60 297.20 280 £0 2340 i B|_EQ | 2340
4 17.20:00 | 28600 | 301,70 | 20370 85.30 3810 | 8570
14172500 280 50 0550 | 20310 | 8330 | a7 ey 85.50
14 17:30:00 296 B0 3080 29500 £6.60 90,70 BSAD
214 17:33.00 26310 | 307.30 265.00 8470 | 8820 | B4 10
114 17:40:00 2u8.20 | 31800 1,70 84.70 EB.60 560 |
14 17:45:00 30330 | 32000 | 306.10 | 85.30 52,50 | 88,50
417:50:00 308.20 321.60 | 313,20 | 8280 5960 | 85.30
1£17°55:00 07,10 azs.90 311.14 &7.80 936D

4 18.00.00 0810 | aFT e | 31110 | 87.7 | G180 ' 5760 | )
114.16:0500 | 30660 332 80 BZT0 2500 | 9410 8030 |
12 18:10:00 | LITRTN 478 20 314,70 8220 | ! '
4181500 | 302,50 32310 30880 8340 g2.10 | g7.1a | §
14 18:20:00 | 31100 32740 | 314.70 90,00 g5.40 | - BEED
1418:25:00 | 307.10 | 1850 11,10 | 4250 @270 | 91,50
14 18 30.00 | ' 319.30 | 21720 | B 40 | 9,10 | : asa0 b
14 183500 | 20330 | 31650 0430 | 88 B0 | 93.20
14 184003 | 30810 37400 | 21000 | £0.50 | 8220 g810 |
; ' 318,30 a0l 60 ' a0 RO GO | Bem0 |
4 1E:E000 30630 | 31800 305.80 88,30 070 ar.ap |
4 18:55.00 | 30230 321 60 504 .00 85,30 8800 | a430
14 19:00:00 | 307 00 31800 0200 B2.00 | 42,30 BERD b
14 16/05:00 | 0280 | ag7 40 | 0.0 | " :
1419 10:00 | 78820 | B8O | 303.30 | 5720 4130 | B6.80 |
14 19,1300 a7 | 824.00 | 308.10 2610 | 9240 | g0 )
14 18:20:00 | 206.40 | 517.00 304.80 | 2E10 | 9170 | 86.30 | |}
_ 312.80 304.30 84,30 BBG0 | 2340 | #
14 183000 293,30 | 314.60 202 50 82.40 5750 8250 |
4 18:36:00 | 25100 31520 30750 85.80 | 8020 | 8580 |
4 194500 | 8380 313.20 28070 8470 | 8690 | ~ B5ag
4194500 | 29360 | #1190 220 fagl | 8710 B5.30 | )
14 195000 26650 3000 287.80 | 8330 | 8360 | BE 50 ¢
14196500 | 25720 | 315,50 30380 | ' 5 | E : |
14 20:00:00 | 25010 317.50 301,70 a4.20 E0.50 | 54,90
14 200500 30020 | KGR 304.00 8400 8510 | 8B 50 |
1420:10:00 | 29830 37.20 | 30400 B5 70 5080 | 8530 | *
14 20:15:00 28080 0780 TE04.0 | 8540 aro | &7.710

16 20.20:00 | 38930 | 0450 | 353 80 B8 a0 | 87ED | 8560 | |
1420:2500 | 28820 | 30830 | 283.30 | F280 8100 6370 | |
114 20:3000 | 256 20 | 308,30 | 26510 B33 | 8840 E360 |
14 20:35:00 | 28690 | 30380 262 10 3520 | 000 | B9
14 20:40:00 206000 305,10 267.20 3560 BE50 | 89,20

14 20:45:00 28130 | 2ud 90 269.30 840 | g8.20 85.50

14 20:50:00 280.70 | 30050 | 28800 | aisn 8540 | a3 80

- -

e e~

'8

3
@
2

2
2

.
FE-
b
=
o
s
]
Fa
&

=

I

|

-1

tn

=f!

=

=

o |

=]

=
e
B
[
LB
P
&
n
o

&3
o
o
o
o
o
o
o
&
b,
o




2014 03-10:00
1-tnn1&|:-u :

14 005,00
m-: m ﬂﬂ"ﬂﬂ

La0d GEIAE! Do I

27014 D0:4500

D201 M'_STIJ."GD
2214 005500 |
27014 07:00:00

ek T n*r-ﬂ&.ﬂ:}

=014 m.-mm"i'
P I]Tj-ﬂl_ﬁﬂ 1

E2014 01 40100
2014 014500 |
014 01:60.00
2201201 55:00 |

204 TE000 |

L2014 02:05.00
22014 r-::zw ’:ﬂ:-

k] l.'.'i Hl'ﬂﬂ |
2014 (2:25:00 I

S 2014023500 |
= 14@4‘@&"

Em 0Z:55:00
22014 03:00:00
2014 05 0500
22014 031000

T AT

=l 1..1.. ﬁ:imzfr'_"ﬂﬂm
0% 032560
4 '-7!]1 4 08 30 []l:l

J2014 03:50.00

2014 035500




114 B400:C0 24.80 | 2360 | 24.50 | 13.80 18.20 | 1300 | |

22014040500 | aagp 2430 2580 | 14560 1820 1500 &
2014047000 | za0g 2460 | 2a50 | vy T )
014 041500 | : [ T 1360 | 50 |

014 q;izn.ii?’ T 28z 2835 | 2920 1380 78 | 450 @
014 04 25:00 | 25.00 24 70 25.50 410 | B BRET
2014 03600 | mmgp | 2530 | 27.00 | 1520 ~ i | R
S L | — | L —— i
2014 04.40:00 | 25.80 76.50 IEE0 1550 wO T iem N
2014 044500 | 2830 27.60 | 2840 | 1500 1978 [ 15| )

22014 04:50:00 B E 24 60 | 2870 | TEAD wed | 1630 | &
D14 04 8505 | 2960 7870 2860 | 1800 T 1680 |}
RROIOS0000 | 7570 | EL I . — L
27014 050200 3 60 2680 28.50 16.00 | ) 1910 165G | §
22014 15:40.04 | 3110 3130 26,50 o) 5 15’.&@_;' N ‘1;_1_@'_‘_, )
22014 05:15:00 | |

&
[* ]
=]
L]
=]
)
b=y
58
b
&
-
=l
&
=]
=2
ES
|

|
i
)
(e}
=
-

-

L2014 05.3500 | |
2014 05:40.00 | B 3230 &0 | 1700 | TRl

-
i W e ML
S 8l 5852
L

204054500 waon | W0 [ 340 | 1580 - ma 1755 | &
04055000 | anag 370 mem Al T me ———m §

22014 05:56:00 | 250 3140 | I T - ECECHI
145&&:5&" . i 4 —Feai B

22014 96:05.00 | 3340 it | 3050 L . Y 70 )
©2014 05:10:00 | 4700 2420 | 4860 1750 | Cam 780

22014 D6 25' I .
RO 083000 | 4w azmg I 45,80 1880 . T ET A
22014 08:35,00 43 70 41.70 44,40 1690 2060 | T
22014 06:40:00 T dE00 | 4330 | 4730 | 1780 mag 1700

27014 064500 4140 | 380 4730 | 1780 B e 178D |
203014 05:50. 0ty I 4840 _' 4520 | Eii:ﬁb"_l B G HI:I'I" 2240 R 1780 |

D014 ﬂrmmll 4530 T 43 45,90 1880 | CEE Y — iTE0 |

202014 07:05:00 | 4370 | 4360 | 4410 1890 | 220 1370 |
P14 07 10T0 waw | B ww| Em o — 25 ags|

ZZ014 07:16.00 I| IR 43.00 | 46.20 | 820 2qp I i5ed
22014 07 20.00 | 46,50 4450 | 4520 | 1900 |
2014 07.25:00 | 4850 | 45.40 | 47.30 | 18,70 ] 2430
YE014 8750.00 | a8 75 a6.40 . R T i 2440 | 1930 |

L]

o

1 B.
) L
5 m
P B
ol =l

2014 07-35.00 ETET 4570 | A7ag | — wmm 2480 ~ 2000
22014 07 40:00 | - dsE0 45.30 | 48.20 | 1850 | T 2580 ] - 1970 |
22014 07:4500 | 5140 45,50 52,00 e 60 15.90

S04 07:50:00 810 £8.40 | 4930 1B 7R m’:&u]
el wq”n ! T . : S, i
22014 08:00.00 r 8280 | 5198 s3a0 | dgsm o @50 | 233807
L7014 080500 bosa | 58.40 ~ A180 | i - FEo0 | 2230

&
=
o
m
&
i
=
—
7]
i)
(<]
X
=
]
-
i
=]




—H

T4 Cs0ng | f4.00 | E5.00 G&.40 | 1940 | 2780 F3.70

2014 OB-15:00 | §94p | EE0 6130 1946 2830 23.40
2014 0820.00 81.10 | 6040 | 6170 | ~ 1asa| B R

2014 08:25:00 | 8610 | 550 | 5760 | 20,50 PR 530
07014 08:30.00 | G50 64.20 | 66.80 070 - 70 2430
LO014 08:35:00 7320 7030 72.80 2130 | 3080 - 2450 |

e 084000 | 8670 | a6 &340 | © 3080 | 2660 | 2440 |

04 084500 | 7220 | 7780 7240 2010 | 280 70
13014 08:50 00 | 714D 77 30| - 2020 | 29390 | 2550
2014 08:55:00 7580 /489 7613 20,50 2920 | 25.00
D014 0900:00 | Fang 7290 73.30 20.80 | - @0 | 2447 |
2014 09.05:00 | 720 71.40 72.10 2118 | 2820 2620
o4 0si000 7az0 1800 7a20 | 210 086 - 28Eh
S2014 09:15.00 aan | 7850 | 7890 | 2200 ' ELET 2530 |

074 00 20:00 | 7980 0 | mon | 2310 |  3@oo | 2600 |
2014 082500 | 7340 7340 7470 2330 | 2110 2510 |

- TR T e g e S e i T il g

053000 | rrap | €370 410 | 2520 | 3250 - 2640 |
22012 0a 3500 7209 | 75.50 78 80 25.90 3380 2710 »

014 09:40:00 | 1800 | 00 20 | 2640 L
L2014 034500 €830 | 67.00 B8.50 %20 B 2670 | )

FE0140250:00 | 7400 7180 | 7420 | 730 | 3690 | 2880
2014 09:55:00 870 | A 00 7780 2650 o | 2690 )
014 10.00:05 | - 7030 | A0 0 o0 | 276a | D
2014 10:0800 | 7570 | ha0 80D | T | T 330 | T %60 )

14 10:10:00 7260 7240 7380 | 2660  sasn | 2580 | o

WI410I500 | 7550 | 7510 7560 570 PR 2587
2014 102000 | 7540 | 7840 | 810 2540 | 3240 ' S 2BO0 | 4
2014 15:2500 | 7R | 7540 | 78.90 2479 | 2289 | 2840

22014 10:30.00 | a3 - T4ED 7750 | R FT e | 2630 |
2314 103500 7820 7700 4080 28,00 e 2670 |

L2040 4000 | a0 | TREO | 808D | 2440 | T - oeEn| |
2014 104500 | 76.00 | 76,90 8050 2430 3000 | a7
2014 10:50:00 | 76.80 7570 | Bi 10| 2620 | 2000 | 2580
2074 108500 BT 7730 | ADEQ | 2390 T ZrEp |_ 2380

22014 11:00.00 | E0.30 7850 | g | 2350 2610 | “oang|
22014 11:05.00 | 75.00 7470 73,30 23.40 | 2620 2440

2014 17,10:00 | 7690 | T2 . R ¥ il 480
2014 1115:60 5080 795 | B2.70 | 2530 N 050 | 25 00
22014 11:2000 | 7670 | 7870 | 7830 ; 2500 - aoasn | I3
22014 11:25:00 | 7430 7330 T OTI0 | 2530 | 2570 2550 | 8
22014 11:30:00 8050 | 7340 - 7gs0 | 2680 | 2870 | ' 2500 |
Ro014 119500 | 770 | 76080 | 77.60 25.20 RN 23
2014 11:40:00 | 7210 | 72.70 | 74.50 Z360 | 2050 210 | o
2014 114500 55,00 | 8580 67.20 3500 T S0Wg | /a0
2014 11:60:00 Tase V160 180 | 20 3030 | 2570 |
20141145500 | rneg | 7030 | 7120 | 2170 ; 2870 2470 | |
22004 17 00:00 71.70 70.50 | 240 | 2200 | 2850 2380 |
2014 120500 | 89.70 67.70 | 7080 | 225 | 2360 | 23,30
2014 121000 880 | BE8L o 2320 | 22T | 2400 |+
22074 127500 &200 | 80 80 az7n | 2180 ' e | 2190




2014 130500 5300 |
14131u::-n| Gaan |

2014 13:15:00 §5.50

14132000 | mma0|

014 132500 [ 6590

2014 13:20:00 6240
=014 138500 | - 58.00 |
2014134000 | mozn
WIS 1IAE00 | F7ED

314 135000 | 8670 |

S04 THE600 | 820
2019140000 Baqo
014180580 | Eaz0 !'
1414*": ua'J 7
2011 1415mu| - '5?90]
L3014 14 20:00 E540 |
14‘1&_-‘2‘3‘3:15;| - 8050 |

014 14:30.00 7030
S014 143500 670
2014 144 4&-}51 = Euu I

?E?ﬂ

= '41510'1:]&
- !J‘H 1515ﬂﬂ'
2014 15 a-:huq |

2014 15:3!1.!!!:' {
B2014 1535:00
£2014 15:40:00 |
22014 t's?msm'r
22014 TEE000
:b"i&"{ﬁ_ﬁiﬂd I

22014 1&&5.&3 |
14 16.10:00
S2014 181500 -

2014 16:2000 |
= a141625~m
2014 16 30:00 |
E2014 16:35:00 |

2018 16:45:00 |
7014 16:650:00 | -
22014 185500
22014 17:00:00
C 14"1_:-'7_!15.~Dn"§ Tl
212014 171000 |




2014 17,1500 |
20ie 172000

: ?Emm:ﬁd'i'_

32014 17:35:00 |
01417 d-ﬁﬂl:l
2014 1?'4501] |
p2014 175000
E3014 17 5500

2014 18:0000 |

014 180800

22014 1 1ﬁmm| A
A

eyl 1'4 B ﬂﬂ'ﬂl
D141.l=rznnu|

2014 18 za«nu 00 |

2014 'Ia.dl:l-_{lﬂ |

L2014 134500
2014185000

Ba.30 |
5610 ['
56,40 |
ﬁ'EHD

T |

.'r"l?l:l|

Ta4n

T3T0 |

7540 |
Ti40

TAED

TR —

22014 'i'aTu:ﬁﬂu”l'" -

mnmm}

12014 _*-:l'-én-nh"
0 14 1'9 35 EH}

“2014 124500 |

2014 18:50:00

fi 1515&'&5'1 I

12014 20:08:00 |
S2014 20 10:00
£2014 201500 |
22014 20:20.00

] ﬂﬁ.ﬁ&-i{j' '

142031]1}51 |
2014 20:35.00 |
014 20:40:00
2014 204500 |
S04 308000 |

P24 205500 |

6630 |
T B1ED |

EEAG |
Moo
R

6840 |

8160
o B140 |

6540

BY70
BREN

=

68,70
8970

7380

7Ean

—_——

F310 |
78.40 |
70,70 i
TR0

e Sl ey () IS NS (B
T T e T i =

- — - - 5 - ..
e R . T T I

=T e

i I|

.
L

el
b




I | 07.04_ALSAHEB . i - 07.04_DISTRIBITION T
'nmu&iﬁriqj ‘ I"-'.fi; . ..I b {A) e (A) I IEA‘II 4 1h[l":l = _ |1'3|:,I,,'_! icin :
B0.70 59 20 5470 7 63 410 26
272014 DO G5:00 £0.00 58 50 53 &) 260 440 200
f 022014 001 0-00 59.40 57,60 53 70 260 4.30 3.0
0202014 00°15:00 25,10 56, 51.30 260 430 2
: 372074 00.20:00 86.70 55,40 4500 230 4,70 25
ST 00:25:00 54.80 24.20 A7 2 2.30 340 Za
t " 02/2014 00:30:00 54.30 5380 47.80 | 250 360 240
1242014/ 00:35:00 54.50 52,80 4520 220 340 33
f. 022014 O0:ag:0o 552D A4.80 430 Z.00 320 2.3
0242014 00:45 00 54.00 5280 &7.10 270 340 23
t 22014 D0:50:00 64.30 §1.70 &7 50 200 3400 25
L 22014 00:55 00 5340 51,10 4850 1. 320 24"
l-::rmu a1:00 00 53,50 51.00 4750 200 330 22"
- 0202014 01:05 00 63.00 53.30 4770 200 320 23"
l 12/3014 01:10.00 52,50 52 30 4710 1.80 300 L
D IEE014 0715 00 5130 45,50 45,70 240 310 20"
E. 2302014 01-20:00 51,20 49,70 47 40 2.10 330 2.3:
0202014 01:26 00 50.32 0G0 4540 220 320 2.4
: 022014 013000 4983 47.80 4520 2.20 330 | 23"
' 02/2014 01:35:00 50,30 46,70 | 44 50 2.30 3.20 2
| 02/2014 074000 4470 770 45,00 2.0 3.00 20"
" 20014 014500 47.00 45.30 4190 2.00 3.20 2z
| 2A04 O1ED 00 48 40 4660 | 4370 1.80 3.00 | 20
| 022014 D1:55:00 17 00 4550 4250 2.00 250 20!
| 0272014 D2:00:00 4860 4570 PR | 80 270 s
0272014 02:05:00 46 90 4560 43.00 1.80 2H0 19'
022014 02:10:00 AB &0 | 4610 41,80 180 aTo | 20" .
L 0ZEO14 021500 4630 4270 4180 210 2,60 20
022014 02:20:00 4810 4550 4180 1.80 2,50 21"
U204 22500 | 45,70 4470 40,50 183 | 27 19
\N2/Z014 02 30:00 44.20 4310 30.50 220 340 o
FP014 02 3500 | 4310 47 40 4020 235 330 20
92/2014 02 4000 44.50 45.20 41.10 210 3 Z0
SUDZI7014 02 45:00 4570 44,70 42.50 170 290 21
201 02i2014 02 80:00 45 70 4870 | 42 50 170 2 | 20
B 07/2074 02 55:00 4470 45,40 42.10 170 260 Z1
| 0202074 030000 44.50 2.40 4040 700 70 2.0
022074 03.05:00 4230 4E.00 4300 170 2 60 20
1 82/2044 034000 4470 44 50 40.ED 170 270 | 20
0212074 03:15:00 24,30 44 30 4Z.00 170 280 1.8
022074 03:20:00 4380 4310 4070 | 1.E0 280 20
0203014 02:25:00 44,50 44,39 40,80 1B 280 28
1 l2i2014 033000 4580 44,30 4140 170 270 71
SHE220014 G 35:100 43,70 &g B 35570 1.70 270 20
22014 63:40:00 4360 | 420 &0.90 1,70 270 3
212014 £2:45 00 4370 £330 3070 1.70 247 | 18
1022014 035000 4420 4510 43,10 1.20 260 20

02204 03:55:00 41.70 4% B0 309:80 1.80 278 | 29




" L2204 04.00.00 2170 4245 3890 1.50 2,50 1491
P O2r2012 0500 4180 42 60 3880 | 170 2.70 21
PO D451 0:00 FEE. 43.40 38ED 1.60 250 1.5
027014 061500 | 42.50 23 40 4100 1.20 260 zZ1
213014 04:20:00 daqn 4380 4130 * HD 240 | 19
02014 04:26:00 4180 42 50 4020 | 182 | 2.70 1.0
922014 D= 30-00 44.00 4450 | 4140 210 300 | 1.8
92/2014 04:35.:00 | 21 40 47.00 35.00 180 240 1,84
\02:2014 04:40 0 420 4300 39 B0 180 260 | 201
022014 044500 | 46,00 42,70 39 50 180 | 7.70 1.7
/2014 D 5300 4870 4720 4050 1.80 280 200
B 0202014 08 5500 44,50 46.10 4210 210 300 1.5
0212014 05:00.00 | 4370 | 4130 &0 30 1.70 240 | 163
“0282014 05,05:00 45 40 4580 40,30 1.70 2.40 | 1.6
|: OZT014 05 10:00 45.80 45,20 40.70 1 B0 230 1.7
2014 051530 45,30 4590 4230 1.0 270 1.9
0202074 55:20 00 4770 4,30 44,00 1.80 260 170
0372014 D5:25:00 46 80 4718 4287 .80 2,60 208
02M2014 08:30:00 47,50 A B0 4500 180 7270 2.0
02,2014 05 35:00 48,20 48,30 45,00 | le0 270 1.5
11522014 0550700 FERT 4540 24,60 200 AT 20
022014 05:45.00 51.20 48,70 4420 190 260 |
14242014 05:50:00 52 20 5140 45,00 1.80 2.80 1.6
| D2/2014 D8'55:00 51.80 5120 45 50 180 80 2.0
02014 06:00:00 2520 4B BD 4470 | 200 zap 01
0202014 06 s 00 5160 52.10 47 4o 180 29] FER
I 10262014 08:10:00 | £1.40 sXan 47T RD 180 280 R
0202014 06:1E:00 53 50 53.10 48.20 2.90 220 2
B TR2014 06 20:00 | alz0 | 51.40 48.50 | 20 ' 3:30 (- E
| 0ziz014 D6 2500 | 43,20 50,30 4730 740 340 20
| 0212014 05 30,00 43 80 50.00 &7.00 280 3.40 27
0212014 08:35:00 | 45,20 48 B0 48 10 227 310 | &
L 022014 05-40:00 45,60 48.10 | 4450 230 3.2 20
1072014 06,6500 50,60 4570 45.20 210 780 1.5
L 1022014 065000 | 5280 51.50 47.20 230 230 21
SLO21A014 05:55: 00 5010 50.30 4B30 2.00 3.00 | 20
710272014 07.00:00 5340 | 5260 4860 1.90 260 | 1.
1022014 DT D500 50.20 51,40 46.90 190 | 3,00 2
- 122/2014 D70.00 52.30 | 5330 5140 210 344 B
10242014 07:15 00 53 70 54,10 | 5200 1,30 260 1.9
/0212014 0720000 53.60 5460 50,70 2.00 210 19
1022014 07125:00 5420 | 55 60 50.20 LT 110 18
“102/2014 07 50:00 fi3.40 5d.40 48.40 210 | 3.20 2 [
20T 073600 57.80 55,30 50.30 2.70 3.40 2z
2110212014 07:4000 | 57.50 5620 50 60 ZE0 550 19
1D2/2014 07:45.00 59.20 67.50 54,00 230 | 3.40 20
20202014 075000 55,80 B0 E2.60 220 340 21
SOFED 4 07 55100 E1.40 5E.10 5310 230 3 &0 23
| 102/2074 08 D000 65,00 6350 6729 | 200 ' Aac 28
1TNI2:2014 08,0500 8430 B4 30 58 70 210 | 520 28

e ————



DEE0Td 08:10:00
A0 081500
LMIDA4 052000
0212014 05:25:00
22014 08:30:00
022014 083520
9272014 08 4000
S02F2014 DB AETD
022044 0B 50.00
22014 0B.55:00
V22014 050000
212614 050500

o —y 1.”'___.

g

02014 05-15.00
0Z/2014 09.20:00
SL2RE0Y Y D 2E-00
Vi2En1d 083000
1022014 00 35.00

22014 05 40-00

102/2014 02:45:00

02/2014 08:50:00

022014 03:55:00

0272012 10:00:00

¥ T

-

0252014 1005:00 |

| 02/2014 10:10:00
NE2i2044 10,1500
| 102/2014 10:20.00
V2014 1002500
1022014 10:30.00
1102/2014 T0:35°00
2014 1054 0: 0
10212014 10.45.00
w020t s 10/50:00

22014 10°55:00 |

L O TA 11 00000
9027014 110800
022014 11.10.63
1022014 11:15:00
10742014 11:20 00
SI02/2014 11:25:00
SUD22014 13:30:00
SU022044 11:36:00
31/02/201% 11:40:00
122014 114500
21/02/2014 11-50:00
1I02/2014 11 65.00
Lifi2lend 17-00:00
11G2i2014 12:06:00
SO0 A 121000
222014 12:15.00

SO0 A fennn |

67.50
7120
7060
6550
B 40

BETD |

¥o.0
70,80
7060

TEA0

7470 |

Td.20
To.20
75.30
TE.ED

7EED |

FE.ED
7540
a1.20
TA40
7810
110
TR0
B3.70
"Z2.E0
B350
85.80
23.30

BE 10 |

B1.90
5230
&1.80
a4, 20
Bz.20
22.60
d1.20
a0 ao
TB00
Fiag

B0 85 |

7830
5020
7680
31.30
2280
TE.40
d2.80
R2.60
£2.30
900

&7 50
63,70
Togn
|
71.30
.20
7450
7160
TEED
75 83
74 50
#8 80
765.00
7820
7850
74.70
T9.00
72ED
78.50
78.30
76 60
5000
75.90
£0.30
T840
80.70
o4 .70
81.00
84.00
78.40
81 80
1 80
57 &0
52,50
4140
33.20
82480
76.60

77.00

fro0
810
880
iELLS|
4010
83,60
TE.S0
AZ40n
8180

8410

i72a

1.80
220
250
220
270

&.63

234
2.50
Z.ED
350
30
)
290
& 00
290
5580
320
3.30
.20
350
340
3.50
250
340

340 |

3.30

360 |
350 |

.20

350

31.50
360
380
420
4,24
4,10
4.00
4.00

2.70 |

4 00
420
4 50
o O
& 50
4.40
460
450

420
470 |

450
434
4.40
420
4.50
4,50
4,70
4.30
50
48D
430

LT

20
A
340

70 |

360
980
330
o
3.20
400
330

s10 |

380

240
270
244
2.1
230
2.5
250
2.7
14
29
28
25
20
&0
280
2.6
ek
304
336
L]
2w
2B
27w
2.5
31e
45k
77
&N
20
ERT
3o
250
R
25
25
2 Ei
2.4
27
24
28
Z8
20
2o
-y
aa
2.8
Tk
28
am
X




Sk b

v

HEr2018 130500
022012 13:10:00

S 02/2014 133500 |

022014 13:20:00
OA/H014 13:25:00

B i 14 12 30-00

D014 13:35:00
2204334000

L0014 154500

222014 13:50:00

0212014 13:55:00
a0 4 1420000

1242014 14:0500
0212014 14:10°00
LOTAI014 T 1500

379014 1442000
V22014 142500

022084 14:30:00

022044 14:35:00
022014 14:40:00

SUTERZOTS 144500

D0t 14:50:00
U2/E014 14 55.00

L 02iZ074 150000
L 0/02/70%4 16:06:00

b oaia0 4 151000

S2200 4 11500

DEZ{2074 1820000

SU0AE0T4 1525400

272014 15:30°00
0212014 15:35.00

OO 54000 |
022014 154500 |
O220Te 1SE000

1022014 15:56:00

0202014 16:00.00

N1 160800
HIT22014 16:10:00
WTE2014 161800
02rE014 16.20:00
HIOZIZOA 162500
HilZ2014 163000
1ZIE014 163500

110712014 16.40-00 |
V032014 1688 00 |

10204 1650 00

HINZIZ014 165500
TUO22DE TR0
D224 (70500
11022014 17.10.00

7B B0
7HT0
Th.20
5,90
75RO
80,190
TE8.00
76,50
TE.e0
TE.1D
7540
74,70
Ta20
T .43
78,50
7700
563
TH B0
7230
T B0
7820
7E.E0
76.50
070
7550

80,30

T80
73.30

79.80 |

410
7820
2o
3.40
78 60
B1:2d
18.8]
7880

7800 |

P

3200 |

21.20
BO.ED
a0.40
82,30
8230
04.40
87.00
87.70
99,10
g$3.00

72340
7450
72 B0
7210
TE20
7270
7380
va.00
4G50
7430
7240
FIO0
7100
7180
T3 A0
TaD

7050
T214
£9.70
71.30
7220
Th.40
7240
G210
7350
T6.80
.10
73,20
T4 70
F3.00
30
7370
T4 00
7310
7310
T3.20
4.0
7240
73.54
78.04

75.50 |

4,70
7480
TE.AQ
Tl
.40
&L F 0
23,10
B4.20

-
[~

3.00
2.50
310
243

344 |

310
250

-
{ =i

2.20
2,20
2.20
2,30
230
2.50
260
280
260
&30

Za0

240
310
2 5
2.80

270

ZE0 |

220

270
250
210
23

340
320
270

300 |
300 |

310
306
J20
200
310
290

270

2.80
2.00
.00
310
5.20
2Bl
3.00
4.20

4,10
380
4.10
370
a0
i farde)
340

S80
3240 |

338
S
G50

360 |

540
360
4,10
770

340

330
3.80x
430
4.30
43D
400
<00
3.50
3.83
400
.
410
410
4.40
4.10

4.70 |
450 |
470 |
440 |
500 |

470
410
4. 47
4,30
4.20

480 |

4 40
440
430
410
4.40
£.70

g2
2N
2.
3. 0
S
|

2.1l

26

2.8
el
3.0
2.8
2.8

- =

AT
28
30
32
29
e
a1
24
28
34
31

an




o e L s e e L

i

e

L0201 4 20.06:00 |
SOEEGT4 20:10:00 |
022014 2815:60 |

D224 171500
12/2014 17:20:00
022014 17:25:00
022014 17:30:00

SR04 173500

G207 4 174000
D UZE014 1T 4500
G304 17-80:00

02,2014 175500

S22014 180000
Y2014 18:0500
02014 18:10.00
0212014 18:15.00
022014 18:20:00

A0 4 1AEE 00

0212014 18:20.00

SmZ2014 1300
10272014 18:40:00
1 T2/2014 18:45.00
SUT2/2014 18:50:00
UORIZ014 18:65:00
/0212014 19.00.80
oZiE0I4 190500 |

MO0 19:10:00
WAZEDTE 19 1500

1170212044 18:20.00 |

124 192500

S22 183000
1100212814 183500
10212014 19:40.00
102:2014 18:45:00 |
1N2/2014 10:50:00

V2014 18:55:00
DRI 2000000

022012 902000
DDA 20 75:00
10212014 20 30:00

| 022014 20 3500
| DT 4 POADD0

NIDHE0 4 20.45:00
NITZZA14 2050:00

D204 20:55:00

o8 an
10310
103,80
TOE30
104.B0
107,20
10380
108.30
10240
10750
16570
105,50

10n20

106.70
108 (0
106 80
103.80
105 50
107 40
10810
107,20
[0f. 40
104,10
102.20
10450
104,70
TOE:10
104,90
10310
103 80
106.30
103 80
105.80
10380
105 A0
105.50
10300
152,80
103.20
101.90
03.20
102.80
101.30
101.40

=1 %0
18130
10450
10220
2340
1510
10450
10880
108 30
10830
108 40
104 20
10640
103 60
104 6L
108,20

G030
10240
1ae.4

10420 |

104 40
103,70
10360
103.E0
106,80
104.40
106.20
105 21
193 60
102 50
105 .00
102 a0

10380

10 B0
100 a0
101 &0
101.40
=] e
29,80
BT 40
28,50
59,30
28,80
870

80.80

Ba.ad |

85,00
101.240
9540
99,30
Q5 80
106,00
100,80
101.30
160 10
58 70
02,16
100 40
102.80

101.90 |

ER.00
15050
&4, 80
131,00
100.50
10040
86.20
10050
mnoean
100,30
10160
100,80
8530
100,20
102 40
100.20
101.20
100 30
2940
97.20
OF B0
87 60
5710
2710
57.30
S5 B0
55,70
84.80

270
340
367
el
F2a
4.70
4.40
370
4.00
370
384
.70
430

390 |

a7
4.00
290
450
4480
&.20
£330
450
4,20
4140
4.50
4.80
430
4,10

470 |

&40
4.80
&10
4,50
g.10

520
509
540

h 45
=| ‘A
B TF

450
470
4.50
4 40

n.00
4,70
500
5,30
5.00

san |

60
590
590
570

&40

B.50
& 60

B.60

m
3 n
(=R =

@ | oWl Oy &)
W] |l = 2l At
O D) O D O O 2

580
10 |

5 &0
B0
510
5.30
540
5,50
5.50
.00

710

5.50
&.E80
G50

£.50

£30 |

£.30
40
£.a0
G40

35
]
4.0
a1
2Bl
4.4
4.5

a7
49
45
45
5.3

!’.h
[ |

[ T i il 9
=i | (O == 3

E R
L G = )

i o = b
b, Tt e~ AL * 1]

el Il Bt ]
- - LAt -~ T

i
i

4

x:
b

5.0




Appendix C

Hebron City Substations
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Appendix D

Table Of Percentage Loading For Each
Transformer In Em-AlDaliah Substation




Tuble 3.4 : Percentage Laading of each Transformer

Feeder Name Transformer Transformer

Luading Pmréﬁﬁtq‘g:. ]
Number Apparent Power (KVA)







Table 4.2 : Percentage Loading of each transformer after 20 vears

Feeder Name

Transformer | Transformer % Loading
Numbher Apparent
Power (KVA)
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Table 4.4 : Compurison hetween loading of transformers Now & After 20 vears
" Feeder Name Transfurmer ‘ Transformer Percentage Percentage |
Number Apparent Loading Louding after '
Power (KVA) 2{) Years
AL-AKASHAH T1 400 74 04 1 80%
16 250 50 % G0 %
17 400 433 Y 60%%
T10 L G{ 1563 %
AL-SAHER 111 L 400 | 475 % L |
113 750 |59 T |
112 ' 250 a0 %%
Ti4a 100 K2 Tp
T15 25 758,
Ti6 B 51 % 635
I 143 s s 4.4 % 72%
; T4 250 52 % 4
DiSTRIBUTION ¥ ) ) = 2 41 %y
.
|
AL-POLYTECHNIC | 2T e 47 %% 2%
128 100 5% 655 %
128 3%h | 38 % C153%
.
B i L 65.6 %
. T3z 6] 625% -
T30 B 622% 83.5%
i 134 250 46 % 71 %
| 133 L6 - 54 04 78 Y%
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Appendix E

Em-AlDaliah Substation Feeders
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Appendix F

Losses In Em-AlDaliah Substation
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Lasses in Em=AlDaliah Substation
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[.nsses in Em-AlDaliah Substation after replace transformers which itz leading below 60%
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Losses in Tm-AlDaliah Substation after replace transformers which i loading below 60%
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Losses in Em-AlDaliah Substation afier 20 years
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Losses in Em-AlDaliab Substation after 20 vears afler replace overloded transformers
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[ osses in Em-AlDaliah Substation after 20 years after replace overloded transformers
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Losses in Em-AlDaliah Substation after 20 vears aller replace averloded translormmers
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