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ORGANIGRAM OF UPGRADING AND OPTIMIZATION POWER
STATIONS AT HIGH VOLTAGE, VERY HIGH VOLTAGE AND ULTRA
HIGH VOLTAGE

Nicolae Daniel Fszéf*, Dragos PASCULESCU”,

Lucian FITA™"", Lucian DIODIU

Abstract

Upgrade the power stations at high voltage,
very high voltage and ultra high voltage and
transmission and distribution networks of
electricity, is a key point in optimization
european power systems UCTE, NORDEL,
TSOI and UKTSOA. By upgrading and
optimization improve reliability european
systems, increased quality electrical energy,
increased transit of electricity, reducing power
consumption and eliminate accidents of works
and occupational diseases.

The author of this scientific paper, in the
context of upgrading and optimization of
power stations 110, 220, 400, and 1000 kV
designed organigram upgrading and
optimization.

This organigram can be example for future
upgrading and optimization of power stations
all over the world.

Cuvinte cheie: organigram,
optimization, power stations

upgrading,

1. Power stations — element of power systems

A. Definition and role

Power stations is the set of installations and
annexes building in which the least one of the
followings operations: electrical connections of
two or more power sources (generators or centrals),
the electrical connection of two or more ways to
make a power transit, distribution electricity for
consumers at the same voltage or other voltage
(through  power transformers or  power
autotransformers).

B. Constructive aspects of power stations

The upgrade of power stations depends on the
type of station (outside and inside). Power stations
of outside type depend on influences (single line
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diagram and restriction of land) and configuration
(type high, average height, low height, mixt).
Power stations of inside type depend on
prefabricated switchgears (line, transformers,
coupling, measuring, compensation, surge arrester,
etc.) and isolating gas (sulphur heaxafluoride SF6,
compressed air and insulating oil, etc.)

POWER STATIONS

constructive aspects

l |

POWER STATIONS POWER STATIONS
TYPE OUTSIDE TYPEINSIDE

s W se—

‘ INFLUENCES | | CONFIGURATION | POWER STATIONS MADE OF IZOLATED POWER STATIONS
PREFABRICATED SWITCHGEARS WITH HIGH GAS DIELECTRIC

single line diagram ‘

restriction of land

- electrical transformers; - compressedair
- compensation;

low height - UPgES arrester;
-¢ft.

—»‘ type: high ‘ l i
Type of switchgears: Tobed g5
- electrical coupling; - insulating oil

- eletrical lins; - sulfir hesafluoride $Fy;
—o‘ average beight ‘
- lectrical measuring;
Fig. 1 Constructive aspects of power stations

C. Different schemes used for power stations

SCHEME WITH ONE SYSTEM OF BUSBAR
WITH 2 CIRCUIT BREAKER/CIRCUIT

W1
J_Sl ) Ss
Q: Qs
S Ss

S S5

N I

w2

W1, W2 — busbars;

Q1 - Q4,— circuit
breakers;

S;- S, — disconnectors.

Voltage: 1000 kV, 750 kV,
400 kV,220kV, 110 kV.
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SCHEME WITH ONE SYSTEM OF BUSBAR
WITH 1,5 CIRCUIT BREAKER/CIRCUIT

SCHEME WITH TYPE H SUPERIOR SYSTEM
WITHOUT BUSBAR

4 LEA LEA 4
W1
/ S )59
Qi Qs
S, s, S Sis
—
S5 — J Si1
I?Qz Qs
S, Ss S, Sie
— —
Ss Si3
Qs Qs

W Si4
w2

8

LEA,

LEA;

Q

T

Q; — Qs,— circuit breakers;
Si—S4 — disconnectors;
T, T, — transformer;
LEA, LEA, -
overheadlines.

Voltage: 1000 kV, 750
kV,
400 kV, 220 kV.

W1, W2 — busbars;

Q; — Qg,— circuit
breakers;

S;—S;6 — disconnectors;
T — transformer;

LEA — overheadline.

Voltage: 1000 kV, 750

kV, 400 kV, 220 kV.

SCHEME WITH POLIGONAL SYSTEM

WITHOUT BUSBAR
LEA, ILEA,
N\ S \ Siz
-, — P
s, 'T' Se
\ S \ Su

SCHEME WITH TYPE H INFERIOR SYSTEM
WITHOUT BUSBAR

LEA,

LEA>

S3
Q
Sy
S,
T

)

1 3
I

R

Q; — Q;,— circuit breakers;
S;— Sy — disconnectors;
T, T, — transformer;

Voltage: 1000 kV, 750
kV,
400 kV, 220 kV.

\ S: \ S
Q4
- —i /.
S: LI S,
S, So
T T

LEA, LEA, -

overheadlines.

Q; — Qq,— circuit breakers;
S;— S, — disconnectors;
T, T, — transformer;
LEA,| LEA, -
overheadlines.

Voltage: 1000 kV, 750
kV, 400 kV, 220 kV.
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2. Criteria for choice of apparatus and electrical
equipments

a) nominal electrical characteristics -

- rated voltage use U, rated insulatation voltage U;,
rated impulse voltage Ujyy;

- rated current use I, rated current uninterrupted I,;
- nominal frequency.

b) behavior under shortcircuit:

- short-term permissible rated current I.;

- nominal capacity of shortcircuit shutdown I p;
- nominal capacity of shortcircuit breaking I.;
- the rated shortcircuit condition.
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APARATUS, EQUIPMENTS AND CONDUITS
ELECTRICAL FROM POWER SUBSTATION

|

)

APARATUS AND EQUIPMENTS | CONDUITS
ELECTRICAL ELECTRICAL
\ \
SWITCHING TRANSFORMER COMPENSATION MEASURING PROTECTIVE RIGID FLEXIBLE
EQUIPMENTS EQUIPMENTS EQUIPMENTS EQUIPMENTS EQUIPMENTS
Circuit breakers ‘ transformers ‘ current fuses bars L Topes
batteries transformers
Disconnectors ‘ autotransformers ‘ yoltage . :
surges Dipes. Isplated
—* coils transformers arrester
naked

Fig. 2 Criteria for choice of apparatus and electrical equipments

3. Organigram of upgrading and optimization power stations

UPGRADING
POWER STATION

1. PRESENTATION AND
ROLE POWER STATION IN
POWER SYSTEM

2. CONSTRUCTIVE —
FUNCTIONAL DESCRIPTION FOR

3. TECHNICAL DATE FOR APPARATUS,

POWER STATION

» EQUIPMENTS AND CONDUITS ELECTRICAL

3.1. CHOICE FOR APPARATUS, EQUIPMENTS AND

CONDUITS ELECTRICAL

4. ANALYSIS FOR OLD
POWER STATION

5. CHOICE SINGLE WIRING
DIAGRAM

6. ANALYSIS FOR UPGRADE
POWER STATION

7. OPTIMIZATION POWER
STATION AFTER UPGRADING

1. PRESENTATION AND ROLE POWER
STATION IN POWER SYSTEM

|

PRESENTATION POWER
STATIONIN POWER SYSTEM

v
ROLE POWER STATION IN

r

Y

Presentation OHL (overheadlines):
(lenght, power, section, etc.)

v

Presentation transformers elements
(transformation ratio, power, etc.)

¥

Presentation compensation, reactance
elements (voltage, power, ete.)

POWER SYSTEM

h J

! If important node for power system
i
]
¥

|yl If are interconexion with UCTE
i
'
h J

If they fall in energy strategy
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2. CONSTRUCTIVE FUNCTIONAL

DESCRIPTION OF POWER STATION

ELECTRICAL INSTALLATION
EXISTENT
Switchgears: OHL, Circuit breakers, disconnectors, measuring
4% PRIMARY CIRCUITS H EXISTING SWITCHCGEARS }-p Transformer, Coupling, ete, | * transformers, used morally and physically
- N - aparattus (A,V,W.,Var,relays, signaling lamps, command buttons, mesuring meters,
! COMAND - CONTROL INSTALLATIONS " CONTROL PANELS ™ indicators, fuses, differential protections)

—4 INSTALLATIONS OF PROTECTION RELAY H distance protections, lessor of defects, relays RAR, maximum current protections, differential protections, osciloperturbographs

_'( OWN INSTALLATIONS SERVICES H Transformator MV/LY (medium voltagelow voltage)

— AC H Porwer stations is served by several AC panels ‘

4" DC H Power station is served by several batteries DC (220 V, 48V, 11V) ‘

—b{ TELECOMMUNICATION INSTALLATION H Communications interor, exterior, telephony high-frequency telephone, radio, voice, SCADA, dispatch territorial or national ‘

—b{ INSTALLATIONS OF CABLES H Power and comand-control cables with links between cahins relay and equipemnets primary of power stations ‘
_" BUILDINGS }—' Nature of the soil {clay, gravel, sand, mud, stone, rock, etc.)
Nature of the terrain (cvasiplan, depression, depression easly, high, very high, agriculture, etc)
‘ GEOLOGICAL FEATURES ‘
GEOPHYSICS FEATURES ‘
3. TECHNICAL DATA ON ELECTRICAL EQUIPMENTS
AND ELECTRICAL CONDUITS
TECHNICAL DATA TECHNICAL DATA TECHNICAL DATA TECHNICAL DATA TECHNICAL DATA | | TECHNICAL DATA
ON SWITCHING ON ELEMENT OF ON ELEMENT OF ON ELEMENT OF ON ELEMENT OF ONBUSBAR
ELEMENTS TRANSFORMATION COMPENSATION MEASURING PROTECTION
3 i l 3 i
Circuit hreakers Power transformers Capacitors batteries Current transformers Surge arrester Rigid bushars
Disconnectors Power autotransformers Compensation coils Voltage transformers Fuses Flexible bushars
Y

3.1. CHOICE FOR APPARATUS, EQUIPMENTS AND CONDUITS ELECTRICAL

PRIMARY CIRCUITS }——‘ SECUNDARY CIRCUITS

! '

Changing existent equipements obsolete morally and physically with the following modem | | Is proposed to replace classical systems monitoring-commands and protection

equipments: with the telecontrol system SCADA.
- circuit breakers (with SF5, vacuum), with performance drives, very reliable; Implementing a telemetering system, separated functional of SCADA system ,
- disconnectors with and without earthing clamp with performance drives, very reliable; will satisfy energy market at UCTE.

- measuring transformers with ofl or SF;, very reliable;

- surge arresters with metal oxides;

- support insulators, clamps and fittings;

- power transfommers and power autofransformers very performance with high reliabilify;
- busbars flexibles (fascicular or twisted) or igides (bars or pipes), very reliable.
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4, ANALYSIS FOR OLD
POWER STATION

L] ¥ ¥
STRAUCTURAL FUNCTIONAL CRITICAL
ANALYSIS ANALYSIS APFRECIATION
I
| — ) ) ! R )
PRESENTATION PRESENTATION PRESENTATION APRECIATION POWEE. SIMULATION QOTC ENERGY SAFETY
ELEMENTE PRINARY SECUNDARY FOF. STATION POWEE. BALANCE WORE AND
CIRCUITS CIRCUITS ELECTRICAL FELIABILITY STATION HEALTH
APARATTUS
|| ultra kigh voltazs é‘;';;“‘ Calculstion of —
elements - THV . 2, indicators mEima
Singls wiring Elactrical discommectoaz, sashility
) very high voltass mazuring Techmical circuit
alamants - VHV S ——y u'.:w._:_tt; and zima
Switdhesn || o) et cause
|| bishvoltae UHV
dlemantz - HY Own tacknological Differance
Switchgzar consumption beatwaen enargy
_._ v Y receivad and anary
[, medivm '.oltag,_a caded
alemants - WV
Sritchesars UNIQUE PERSONAL PROPOSAL:
H\? ] Assessing the level risk i terms of safety |
work and heslth 1
Scale levels of risk'security : :
Switchgaens |, | - Elactromarhmatic fisld
MV magsiremants
LEVEL OF RISK COLUFLE SECURITY LEVEL
GRAVE - PROBABILITY
1 MINIMUM (LI (LY (.3 04 (15 (18 21) 7 AMAXIMUM
1 VERY SMALL | 2.2)Q2.3) QA G.1) (3.0 (4.1) ] VERY HIGH
1 SMALL | 5 HIGH
[ MEDIUM 4 MEDIUM
H HIGH Kl SMALL
L] VERY HIGH X VERY SMALL
7 MAXTMUM 1 MINIMUM

5. CHOICE SINGLE WIRING
DIAGRAM

| Proposal schames (disgrams) for primary circuits of powar stations:

PRDT&;LJ%DEE&E;EF CAL = Scheme w::ﬂl ong sysem of bushar m:lil a}mm}rbmmkm’c::mm:: (r:ur povar stations: '.’;CI EV, 400V, 220 kVand 110 l;‘r',:i;
Scheme with one system of bushar with 2 arcuit breaker/cirewt (for powar stations: 730 KV, 400 kV, 2205V and 110 KV);

Scheme with ow systam of busbarwith 1 cireut branker/etrewt (for povwer sitions: T3 EV, 400 BV, 220 bV and 110 EV);

Scheme with one syseem of bushar wath 1,5 coreunt breaker/eoreurt (for powar stations: 1000 &V, T30V, 400V, 20 kV md

: 110 kV);

ANALIZA TEHNICO-ECONOMICA &) Poligonalschams withourbusber (for power statims: 1000 LV, 750 KV, 400k, 220 kV and 110 1VY;

f)  Scheme i H superor without bushar (for power stetions: 1000 kV, 730V, 400 bV, 220 1V);

gl Schems in H inferior without busbar (for power stetions: 1000 kV, 730kV, 400KV, 220kV).

Pl o

L+ FCONDMIC-TECHNICAL ANALYSIS | Economic eriterion for priositizing tachnical projects atstage of deeision & wsed MU - NET INCOME UPDATES.

This 5  global avaluation criteria, taking mio acoomt all catzgoriss of banafits and cost ooowr over thelifs of power station.
Bacause i the investmant decision is taken and revanues associatd with these power stations comesponding to salss of electricity
transitad, for to rank the proposed solutions i used minimim criteria derived UTC - UFDATES TOTAL COSTS.

madium powar transit on power sttion;

the duration of stadv (10, 13 or 20 vaars);

the discomt rate (X Yo'vear);

spacific damagss for non-delivery of ebetricty 23 EVAR);

tha cost of slactrical aquipmant (from company providing slactrical squipmant);
ralighility indicators (value from providars or awepean ragulatervs);

the cost of constructions.

¥

DATE OF INPUT CONSIDERED |—.

(= )

b L, oo

[l Pptar]

¥
CALCULATION - UTC || UTC=CI+(CouD,)x Ty

(updated total costs) unde: JC— ivestment costs; € — anual gpemang costs; D, — anmn] damage for non-delivery of elecoriciy; T, durmg the
present sudy (%afvarr).

RESULTS H Rasults are obinad basad on variations of the mput dats mantionad shova
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6. ANALYSIS FOR

UPGRADE POWER
* ] ¥
PROPOSALS BEFORE POWER STATION STRUCTURE AFTER UPGRADING
UPGRADING BEFORE UPGRADING APPRECIATIONS
7
TECHMICALS CIRCUITS CIRCUITS APRECIATION FOR
"| PROPOSALS FRIMARY le¥ | SECUNDAFY Lol ELECTRICAL (circuit bregkers, discomectors, power fransformers,
FRESEMTATION FRESEMTATION APARATTUS AND measuring trans fommars, #tc.)
EQUIPMENTS
PROPOSAL FOR. q
égw[%:;ggwoz ; l CHECKE Tachnical mcidants and Caleulation of
PRIMARY CIRCUITS Electrical single Electrical swithgsars | [ 4| ERELIAHLITY OF their case indieators raability
N TERMS schams of powar of power station POWEE STATION ¥ [
RELIAHLITY), IN stetion . —
CHOOSING OPTIMAL SIMULATION OF | Permanent ragime | Sherteircuitragme
—*  VARLANT IN TERMG Switchgears ™ POWERSTATION L) L
ECONCMIC- UHV [+
TR o |, [ow EamooacaL
TOTAL COSTS Switchezars CONSUMPTION
VHV [
ENERGY
PROPOSAL FOR. BALANCE
APARATUS AND Switchesars v
EQUIFMENTS H SAFETY Assessing thelevelrisk in Electromaghmatic field
ELE CTT%;;- m WORK AND HEALTH tarms of safety work amd hasls maasur=mants
RELIARILITY), IN Switcheears [ 4 4
CHOORING MYV
OPTIMAL VARIANT
- IN TERMS
ECONOMIC-
TECHNICAL

7. OPTIMIZATION POWER
STATION AFTER UPGRADING

INDICATORS OF
OPTIMIZATION

! } ! !

| INCREASED N INCREASED s . REDUCING OT_'O-' . REDUCING OR STOPPING ACCIDENTS OF

RELIABILITY ELECTRICAL QUALITY TECHNOLOGICAL CONSUMFPTION [** WORK AND OCCUPATIONAL DISEASED

! ¥ k ] ¥

| | Securesupply with electricity of Quality of supply Quality vokage of Comercial Reducine or stopping accidents of

area comsamers in power system supply quality work and cccopational diseazd of [+

I T asseszing the kevel risk
Increased stability voltage of area v ¥ ¥ ‘
| 5 consumers in power system L Faducing powar and mergy lossas Internptions Faults: Distarbancatasks: Tdeal vahas:
in power systam and UCTE of long term ) interruptions a) Rapidly variations Risk laval 1; MINIMUM;

5 hen electrical ks of of short term; wvoltes, Security level 7: MAKIMUN, or:

rensiien s seirka nemworss b) voltage dips; | | b) flicker; Risklevel 2: VERY SMALL;
| 5| Imterconexio Ia‘{.ltp{%ru system Inerzacad alactricity transits and c) overvolegs ¢) unbalancs; Sacurity leval 6: VERY HIGH.

an financial bensfits from financial d) fraqusncy d) hamonics;
exchangss devistions. 2] intatharmonics;
B Improving reliability C f) transitogy ragimes; Reducing or stopping accidents of
gl contimous work and eccnpational diseased
componant of electromaghnetic field [+
- Improving quality power grid in measurement
power sygem and UCTE ‘
- r_ N Limitvahes:
4" Reun‘enfint_zn:n nnection with 55{1_-“1:}' contract for ;;-mmpon Elactric fizld intensity (E): 14 kV/m] - 8 howrs;
UCTE with suropzan elactricfy markat Elsctric fiald intensity (E): 42 [kVim] — 160 min. limit valug
Magnatic fhx dansity (B): 200 [mT] - limit vahie with tims;

Improving indicators of reliable . 2 avaraEs : £ Magmetic fhe dansity (B): 2000 [mT] - limit value for all body;

™ of power gystem and UCTE :Lu@{m;%‘%,z svarags durstion of Magneatic fhxx dansity (B): 3000 [mT] - limit valus for foot;
b) reducing the mumbar of ‘
R Ly . intemruptions;
L, Reducing I'El:llll.ltallllﬂﬂlllhﬂr ¢} raducing the maximum durstion
power station of mtarnmptions.
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stations is presents methodology of upgrading, step
by step, each step is well definited and structured.
Applicability to power station for following
voltage: 1000 kV, 750 kV, 400 kV, 220 kV, 110
kV.

Revista Minelor - Mining Revue no. 1 /2012





