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PARAMETROS PRIMARIQS DE LINEA DE TRANSMISION

** Impedancia en Serie: (Z=R+]w ). Resistencia (R) &
< Admitancia en Paralelo: (Y=G+wC): &

» El perfil de voltaje de una linea de transmission depende principalmente de
la distancia, el tipo de carga de la lineay la compensacion.

» Limites de Capacidad de Lineas:

a) Limite termico: lineas cortas (L<50mi ~ 80 km).
(+5% of Voltaje Nominal) media (50mi <L <150mi ~ 241 km).

c) Estabilidad & Angulo Oscilacion: Mas comun en lineas largas (>150 mi ~ 241 km).

» El factor principal de inestabilidad se debe a la inabilidad de mantener el
balance de potencia reactiva, el control de tensiones y frequencia.

» En un sistema interconectado estable, la demanda de potencia activa y
reactiva tiene gue mantenerse todo el tiempo para evitar colapso de voltaje.

» La demanda de potencia reactiva debe satifacerse localmente para
maximizar el flujo de potencia activa desde las plantas generadoras para
asi minimizar perdidas y mantener una operacion eficiente del sistema.




Formas de aumentar el fluja de potencia de una linea de transmision:
 Repotenciar lalinea con conductores mas gruesos y/o mas conductivos

e Operacion dinamica de la linea monitoreando datos climaticos

« Agregar Compensador Estatico Reactivo (SVC o STATCOMS)

e Instalar Capacitores en serie y en paralelo (SCB)

« Emplear transformadores desfasadores (PST)

 Implementar Estacion Convertidoras AC to DC (HVDC)
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SVOC & STATCOM SC & TCSC — Boost

Fhase Shifting *frmrs - HVDC & HVDC Light -

Boost or control ac Voltage (V), Reduce line Regulate phase angle (8), <“onbrol power flow (F) and
vallage (V), dyriamic regactance (M), limited by limited by MVVA, angular ac vaoltage (V), leverage ac
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DESCRIPCION PROYECTO EPC

» Substaciones:

» Substacion Clarks Corner Substation: 4-345kV en
anillo, 2-224MVA transformadores con LTC
and 5-115kV con cap bank.

» Modernizar 4 subestaciones 115kV:

| New Lapeer Substatinn: o Etna Sub (NYSEG)-add 2-bkrs, DS, SA, protecti
4-345KV ring bus, 2-224MVA LTT transformers, 5- on & ctl, SCADA/ RTU.

115 k¥ ring bus with 50 MVAR shunt cap bank. 0 Weight St (NYSEG) - add 50 MVAR cap bank, bk

sProtection & ctl coordination, communication, r, SA, Prot. & ctl, SCADA/ RTU.

| SCADAR RTU with Qakdale &Lafayette substations. el 0 State St(NYSEG)-add 50 MVAR cap bank, bkr,

»Check for revenue metering , 150 interface req, etc Exist. 115 kv SA, replace conductors prot & ctl, SCADA/ RTU.

Etna Sub o Tuller Hill Sub (National Grid) - protection & ctl,
» Lineas deTransmision (PLS CAD, topografia)

Cortar linea existente (in & out) a nueva subestacion.

60km Lineas 345/115 & 35kV- 2 Subs & 4 Shunt Cap.

Oualkdate Sub
(NYSEG)

Line protection & C4
RTLI/SCADA, comim

15 mi New single circult, single
conductor, ACAR # 1277,in wood
poles H-frame

v Ingenieria Civil & permisos de Medio hambiente:
v' Compray Suministro de Equipos.

v' Administracion de Construccion

v' Pruebas y Puesta en Servicio.
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< 115kV, Lines 8 6
Line 947: 14 8 mi re-
i conducting single circult, Upgrade
ka“ single conductor, ACAR  add 2-bkrs, DS, SA,
Sy #1277, inwood pole  Protection & ctl,
345 kV, new dead-end single stes femove an existing H H-frame SCADA/ RTU (TBD)
pole & short line OPGW splice frame wood pole 34.5
box & re-routed to Lapeer KV and ralocate it with
substation: single steel pole
{Srweiap iogvte 2 oot |ine, Chech NEC B CHA
refjissnet 06 wih Sole to ereigited fazility.
Determane # af autages B xpecific tite
: 40 |
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Y Ungrade Substation Upgrade Substation
add 1-bkrs, 05, 5A, add 1-bhkrs, DS, SA,
protection & ctl, SCADA/ protection & ctl, SCADA/
ils RTU (TED). BOM & RTU {TBD), Replace flex
Interface /st system bus #4/0 with500 kemil
[N cu, add hardwars &
o Exist 115KV | Exist. 115 kV BOM & interface w/exist Exist. 115 kV
Lafayette Sub | &euam Tuller Hill Sub | srupscans comm Wright Ave. Sub system State Street Sub
(Nat Grd) | SAGA (National Grid) (NYSEG) (NYSEG) New York State
I SRR Electrical & Gas Corp.
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* Principio Basico: Maximizar la densidad
de potential transmitida incrementando el
voltaje de fase-tierra hasta el voltaje de
fase-fase manteniendo las tensiones de
fase-fase de conductores adjacentes sin
alterar el calibre del mismo o los
aisladores de linea.

* Resultados: Elevar la capacidad de
Transmision de potencia hasta 73% vy
reducer costos.

* \entajas Adicionales: Incrementar la
capacidad termica de la linea, reducir la
diferencia de angulo de fase entre
voltajes transmisor y receptor y puede
reducir la franja de servidumbre.

* Desventajas:

» Experiencia reducida de operacion vy
mantenimiento.

* Gradiente a tierra mas alto incrementa

Tension 80 = campo electrico a tierra.
Nominal (kV)| 3 Phase 5 Phase \ e Sistema de proteccion y control mas
69 . = complejo.
A . L £22 Z % * Modelaje del Sistema mas dificil
138 501 867 | St 3 g ) '
230 835 1444 | T Vi=115 kv /] g
345 1252 2167 | /| New York State
500 1815 3140 | I Electrical & Gas Corp.
750 2723 4710 i ! , ]
e e | ¥ ¥ f : a * Al:ulozljes%:'a-zaf:ﬁéﬁfo [(;;ad;g—t? = DATOS TECNICOS PARA
| ) : 1 CONVERSION DE 3 A6 FACES
% 2.V, =230 kV —~ ! —
| Electric Bond and Share
Diagrama Fasorial Hexafasico Estabilidad Transitoria Company
SKT No '50f 12 Abril 25, 2024 REV. A

Referencia https://iwww.eng-tips.com/viewthread.cfm?qid=464382



SUMMARY DATA AVAILABLE FOR TWO HIGH PHASE ORDER PROJECTS

(IBS Prrzonal Notes

Item Reference Project

Utility

+ Sequence (pu)

Exist.

3Voltage

New 6(Voltage

Total Cost /

Cost Ratio

Line Cost /

Cost Ratio

Breakeven

Distance

Comments

| X |00 ookv)| (60/30) | (60/30) (mi)
72 0.050 | 0.289 115 5(;‘:__4 I i i R A - | N
1.1 ) There s 3 beeak-gven dustance, varying with the parbculyr circumstinces, ot which siv-phase
Goudey-Oakdale S line cost savings overceame higher termsml costs 1o make sinsphase comtruction 19 atctive
: 5 A shermative for spgrading an existing double-circuit lise This beeal ven distance was 23-11
1.9 (Binghamton, NY-USA) | NYSEG | 1.5 | 119 | 0.046 | 0.174 | (AT 93 | 93 $10.9M 0s 28 sl o s g 154V doslcied e phae e
1992 P4
13 243 | 0.023 | 0.085 133 | 133
400 [230.9| 173 | 173 | §5319M S2835M The 6-phase line on the other hand, must have costly
Camden -Duvha S el terminal equipment installed at both ends of the line for
. : SRR SRS both voltage transformation, and phase shifting. Line
2.0 |(Mozambique, S. Af”ca} Sl 62 636 3 N;A : N,A = 140 feeder bays must be installed for the line side breakers.
1998 cEa e x 187.6% 80.8% Currently ESKOM sheading electricity for 12 hours every
'_ day.

) A N N ST
SURGE IMPEDANCE AND SIL OF THREE-PHASE AND SIX-FHASE TRANSMISSION . r Y . r . . r . r
LINES 7 N it Vo N Tomw T
2 - - - e Wi Vs Boe Koy %
Case name Surge impedance(£2) SIL (MW) J ¥ j y y v
138 kV three-phase double _ W b T N X 0y ]
L 491.0 78.2
circuit tower line "
80 kV six-phase I, et Vet Tt it Vi Yiae [ By,
_ ) 491.0 18.2 I ¥ } } ¥ ¥ Y NE
conventional tower line lemtd  Chf Vet Ciesnd  Clesed el [0
/ Lo oy B By K Yoaad | E
80 kV six-phase = SN - Sl N e | W
. 413.1 93.0 bl oy hd Ly Lo N %illB
compact tower line - e — N e
ETRg— hod e % T Ty T Tl Bis
a0 K .‘df'l'.‘-'l"l' s " ' " ) .
| 491.0 231.7 |1, | K B b, T & £
conventional tower line i '
New York State
Electrical & Gas Corp.
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SE Alto Jahuel
(Transelec)

247Kkm
240km

() 490 MW

Central
Colbun-Machicura

aCharrua
(2 circuitos)

Transelec
expansion
proposal

SEE_Alto Jahuel
{Transelec)

L&k

500KY

US$85M+ Peaje
US$2.5M Anual

247km
240Kkm
255km

SE Ancoa
(Transelec)

490 MW

Central
Colbun-Machicura

SE Ancoa
(Transelec)

255 km Linea con Compensacion Capaciiiva Serfe ~US$75M Colbun Chile

Colbun
solution

1997

SEE Alto Jahuel
(Transelec)

247km
240km

SE Maipo
(Colbun)

_E US$75M
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Supperconductor y Aplicacion de
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580 km Linea, 2 Plantas & SYC~US$500M - Electroandina Chile

Texto Junio 2015: Edzard Zapata Helmig, periodista.

“En una conversacion sostenida con Elio
Cuneo respecto de como expandir el

o Transmisora Eléctrica mercado objetivo de la empresa mas alla del
mﬂm SING, dado que vislumbrabamos que los
i Garecta s 0nis niveles de demanda de energia tenian
de Mejillones gIHﬁJ limites, que el nivel de competencia que se
y Copiapd (SIC).
SRR esperaba en el futuro en el SING era muy
otenson, duro y como las oportunidades que existian
» Doble dircuto y en la zona norte del SIC se veian atractivas,
mw " .
- it dlars rsr.:rge i.’a”rdea def:mpz;fsar un PFD}*‘E;:IG ;de
ransmision para la interconexion entre los
g‘ mm fones sistemas SING y SIC, que permitiera llegar de
— manera competitiva al promisorio mercado
- del norte del SIC".
Matercillg® 44

-Edrmnsdn M[Elf
a4
zmm
hacia 2018 6 2019,

¥
FI‘;I

A% ]
A '
rl-.‘.L'I'J.’.n

Elioc Cuneo H

Por esto ultimo, se exponen los conceptos
asociados a Jos Remacle, Gerente General
de la epoca, quien da el visto bueno para
definir el trazado para el proyecto de
transmision entre Mejillones y Diego de
Almagro.

En octubre de 1997, el presidente del
Directorio de Electroandina S.A., Yves
Jourdain, da a conocer la implementacion de
un plan estratégico que establecia la
interconexion del SING y el SIC en 220 kV y
la construccion de unidades a ciclos
combinados que consideran gas natural
importado de Argentina como insumo
principal.

Lufs Hormnzabal,
Gerenta Comercial v Desarmollo de la época

Interconexion SING-SIC en la perspectiva del tiempo.

El Sistema Interconectado del Norte
Grande (SING) se extiende entre
Tarapaca y Antofagasta,

El abastecimiento eléctrico de los
distintos centros de consumo se inici6
con sistemas locales independientes
entre si y destinados exclusivamente a
resolver sus necesidades.

Escasos recursos de agua para usos
de generacion eléctrica con un clima de
extrema sequedad.

Centros de consumo de electricidad
separados por grandes distancias.
Consumo de energia corresponde
principalmente a empresas mineras.

A fines de 1987 se interconectaron
algunos de estos sistemas, dando
origen al Sistema Interconectado del
Norte Grande.

El 30 de julio de 1993 comenzé la
operacion coordinada de las
instalaciones del SING al constituirse el
Centro de Despacho Econdmico. de
Carga (CDEC) del SING

R e
| —ml
| ——

ELECTROANDINA

. electricity market

ABB wins US$ 310-million
order for Chile power plants

Press release | 2urich, Swileerland | 1998072

- Two £400-megawatt power plants for Chile's deregulatad
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¢ Selectalocation highlighted in blue to enter Street View.
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Atlantic

Wind Connection

Land HV Sub
(Exist. ACE Sub)

o S

Typ. 250 MW HV Sub .\ rea

(Offshore Platform)

O

Land HV Sub %
(Exist. ACE Sub) 1

e
. L0

ALCANCE DE TRABAJO

item |EQUIPMEMT DECK City

GIS Modules:
2306V (1w B105 GIE Iocal eoat, pans! &marshaling boy) 1
B2 kY (22735 005 lacal cant, pove! Smarsholiing bax) 2
1 Maln transformar:

foting: 2804, 230788789k

I Heat Fxchonger foooler)

1 Reactor LUNVAr, Z3ULY

4 Auxilary transformere: (ot LA 00

| | P |

1" P&C Control Room (5030, Carme & o aasdening
13 AC & DC Auiliary Power :

ACE OC load pancis

14 Oottery AUPE room

[EEN R

15 Nesel Gen Packoge (Noize enclosure, ATS &ifue! tank)

Ancilliarias ;

firg protection & suppréssionsystem

Heatarng, Vien e ieen el Eroding sslvees [HIAT]

Fangadinry systeern gilbornimenean & niecyision)

LiiLy reoemd ol
Lightring grotoction
Public Address System (PA)

interna! TV system [ITV] £ CCTV

el Ll e e

sribute Temperoture Sensing (D75

Interface Task:

(3t Fquoumeat & esign | hann

Blert Feceey Mdluenfin dure

Swbirgriene Cable (Tnlcrconeeclion & wliachiwen!)

[EFETN I

Rorciving cnd Daficy {Comm., Rov. motaring, 150

Notes:

v Wind farms are assumed to be installed in
the sequence N3, N4, N2 and N1

+ Each of the N1 through N4 are assumed to
consist of two wind farms each connected
to a single ESP rated 250 MW for at total of
500 MW at each N1 through N4

« A 230 kV AC tie is provided between each of
N3 and N4, and between N2 and N1 for
cable fallure backup (the backup is limited
to 500 MW)
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Long distance submarine cables have high losses and can generate
significant VARs necessitating reactors to control power factor.

Onshore 3
grid ' AC Cable
' ‘
H : Offshore Platform
; : ; I AC SUBSTATION
‘:" ~— - ol \ /
. “~—_Shunt _ \ ’
v, compensation ¥ SonsasaaTs . ad

Transmission Voltage
{(kV)

132 370
220 281
400 202

Critical distance Is achieved when half
of the reactive current produced by the
cable is equal to nominal current

LIV

oo

i L}

To Al Supply

Module A

To Aue Supply

Module &

4 x BOKY Array Cireuits
gaw. Atlantic l‘:ﬁi}nd Eonniction (AWC)
' 230kV/69kV Substation
Reactor Transformer @z Offshore Platform
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Mayor Equipment Weight & Dimensions
S Equipment Deseription width | leangth | helght | Welght
fr. | In| fr. In | fr. | In |1]S tons

1 230/69/69kY 2Z80MVAMaIn transformer - tank 15 3 |26 11|31 2 275.6
2 230/69/69kY ZB0MVAMaIn transformer-cooler | 107 4 |26 1 | 16| 5 40.7
3 220/a9/80kY 280MVYAMAIn transformer cooler |10 4 |26 1 | 16| 5 an.7
4 230k AONVAT reactor 15 1326 1 0| 4 057
5 HNuxilary transformer A 3;11|7 3|73 1.1
[ HSuxilary ranslormer B 3 11| 7 3 7|3 A.1
7 "Sargl” lire suppression syslemn skid 9 110116 5 |13 1 22.0
& 230 kY G5 Module =] Oloee O] 15|10 3/.3
a LY kY Switchroom Module A 33i 02w 2 |18|10| 331
10 &9 kY Switchroom Module G I3t 0|29 £ | 1s|1o] 331
11 Control Room Module A 11:10] 32 2 | 12| & i6.0
17 Control Room Module R 11i1nl3r 2|12 & ar7
13 Auviliary Power Maodule A 11iin)19 o |12| & 231
14 HSuilizny Power Mudule B 11:10]19 0 | 12| 6 33.1
15 Diesel Generalor Module 9 10| 9 10)124| 7 141.1
10 Service Crane (Hoonm 20-50 ft.] 20 uO]lin|ow 5.0
1/ Lump lank lAccommodate 85 ton transt Lil) 10 ol o |40 0 1.0
Contingency i@ 10% i BB S

Total 833
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Atlantic Wind Connection (AWC)
230kV/69kV Substation
Offshore Platform
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Atlantic Wind Connection (AWC)
230kV/69kV Substation
Offshore Platform

——y

PET fill the layer ‘ ' Offshore AC Substation

Optical uni Copper conductor

Brass band Conductor shielding & Wind Generators

XLI'E insulation
Aluminum alloy sheath 1 A-COM
Insulated shielding |

Semi-conducting 8200 South Quebec Street Greerwood Vilage CO B0

¥ ..?‘. “-' = <
: e =
~- &l K Rope quilt layer
‘-_L - “_ﬁ r:s“f

Steel wire
armar layer

y P
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= P
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T |V 1GBT . o ' i ¥ E"'___"‘.
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VDG LCC - NY Regional Interconnection (NYIRI), 1200MW, 300 km de Lineas @ £400 kV

DESCRIPCION GENERAL
Upstate Energy

{Zones A-E) » Capacidad HVDC: 1200MW, =+400kV dc,
Downstete Energy . . .
(Zones F-K) estaciones convertidoras bipolares
interconectando dos empresas electricas,
National Grid y Central Hudson Gas & Elect.

» Typo de linea: Hibrido con cable soterrado y
aereo de 190 millas (305 kms).

» Costos: US$2.1 Billion (2011)

B My LWL
~deirc N > Localizacion: Norte del Estado de NY
: Oer Benemeblo - (Oneida Cty) dgnde hay gbundante energia al
. ob ' suroested proximo a la ciudad de NY con alta
B Gl Pt (S0r0R) ny demanday buenos precios.
o » Proposito: Aliviar las limitaciones del
corredor de transmision approvechando la

controlabilidad del flujo de potencia en HVDC
para circunvalancear el congestionado
corridor AC

» Tarifa Electrica: Reduccion costo de los
consumidores 6%, incrementar margen de
ganancias de los generadores y aumentar los
ingresos asociados con la congestion.

NYISO — Beneficios Economicos - HVDC

A mrﬁm Q&f‘*mf&” With HVDC | Bantfit (MS)
Conaumer Payment 930053 629081 8.72
Producer Nel Profi 2573 81 280125 2T 45
Congestion Cost 148.20 1373 -10.89
..... Total NYISO Benefit 26.28
NYISO — Beneficios Economicos - HVAC
" YIS0 Base Case
Poblacion: ~20 millones Iy c‘"m:m r;:;-r:‘: :‘;‘: '“’“1 5"‘ b
oy CLT ol
Area: 141,300 km? NYR' Route Produces mq;:m 257381 | 258887 | 1486
Elect. Demanda: 41,200MW Congeiton Cost B0 | taer | &2
Total NYISO Benafit 10.18
LBMP = Energy + Loss - Congestion
'MEW YOI REGIOMAL
£= New York ISO
| W& Independent System Operator

“INTERCONRECTION

B bererabs
I e

Datos Generales &
Beneficios del Proyecto

URS
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Northern Converter Station Southern Converter Station

——————————————————————————— 7 \- - - - - — - - - T T T T /7
LEGEND
SvVC
<}  Circuk Bresker -75 / +300 MVAR

(See Figure E2.2.2-2)
- Disconnect Switch

DC Filter

| |
| |
| |
| 345KV 345 KV |
—{  High Speed Switch _ |
: \D—|HYYYL_||| 11th Harmonic 11th Harmonic |||_JYY“_)|_|:|/ \D-/ \D/ \D-/ |
| \D—|HYYY\_||| 13 th Harmonic | | 13 th Harmonic '||_m“_)|_|:|/:l |
AC Filter Bank 1 i
| |:\-|:|—|(_(YYY\_||| High Pass : | ACFllerBankd High Pass '||_{YY“_]|_D/:| |
| \'D_|H|' Shunt Capacitor | | Shunt Capacitor 'll_”_D'/ :
OO |
| | OO
EDIC : I:\D—H—m“——“l 11th Harmonic | | 11th Harmonic |||—-(Ym—)|—|:|'/:l |
| - | i
| \D—H_(YYYL_“ 13 th Harmonic AC Fiter Bank 2 | AC Filter Bank 2 13 th Harmonic |||__(YYY\_)|_|:|./ |
| |:\-|:|—|HYYY\_||| High Pass | | High Pass |||_(YYY\_)|—|:|-/:| |
| \D_H_“' Shunt Capacitor : | Shunt Capacitor 'll_)l_D'/ :
| _ |
S th i
| emor’ DG Fier ok ocFier St |
| ’_m*m [ N | I ) [ mm_‘ ! ROCK TAVERN
| | ] | |
= |
OO S A I Bipole Rating 3, ~p OO0 :
| 3 Zﬁ 1200 MW | ¢
= | v |
| |
| |
| %% Station Service ( ~ D METALLIC | \ Station Servi F
| 3 Transformer i Ground \D/T NEP : RETURN | _;F\D/ Transformer %t |
| Converter k \D/J | | L\D/ ) Converter |
BN eN e Valves | | Vaives e
N £ 2 | V3 1]
3 | ¢ |
| 3 E | ¢
Converter Z& e | | ;? Converter |
| Transformers | | T Transformers |
: \\\A)\)\) | | | | |

W 15 AR
NRi4Y
T AN T TIT

New York Regional Interconnection
DC System
Single Line Diagram

Figure E2.1 Rev. 0
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. . s = _ o Characteristic Rating
.l' J - b =~ & -%, . ] Hatﬂd me 1.3”& MW
= s Rated Voltage + 320 KV
3 L = -
o Rated Current 2031A
Insulation XLPE
: = A T Insulation temperature
1 S— i Continuous operating 70°C
2 i'_ = — Emergency operation NIA
e Water Depth (m) 351065
Average Sea waler temp
, (°C) at 30 m water depth 16
¥ Cable burial depth offshore (m) 1.82m (6 ft)
ey L T Cable Installation method Cable buried
o - il | ot Seabed Soil resistivity (K.m/ W) 07
o S ; P Min Max ambient temp (Cable in J-tube) | 27 /-19
8 Solar Radiation on J tube (W / m2) 500
. Landfall Installation In HDD, et
= - Landfall resistivity (K.m/ W) 09
Ground temperature at HDD e
e h ".i} Dopawdor| mlﬁnm 400 profile. Toka ekt
- il z
3 ‘:}5_ v \Y Onshare cable burial depth (m) 1.5
g - —— } Ground tempat 1.5 m burial depth (°C) | 20
- - Onshore soil Thermal resistivity (Km/W) | 1.2
- - . , x
T et ;_.,r-!_ Offshore Ambient Air temp (“C) Max/ Min | 27 /-10
2 S equinor ¥
seta | H it EQUINOR CABLE ROUTING PROJECT
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—— : Py N i i Base Design 4-1¢Transf & AIS Bkrs
g : >[@] | = o ; = : 5
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