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ectadle Powen begany wein d.oo., and <& s oondy fox

abous 00 weats fhar 2lcciuicdly nas seaved mankond. AZso oo, trans-
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MmiysLon was 2agaged sc4zntisds and 2agLneexns jacm {ne beginndinag.

The {iass 2lecitadical caniral szation ovf the world desdgned by Thomas

[N 2N

/

rn
A. Ediscn in New Yoar, began operatdon Ln 1§87 and suppdlled paix 97
T

the cdity within a raddius o4 appaoxdimaiely 1.6 km. This was Zne te-

glnndng ¢§ diatadldbution of electalcal powen ovexr fimited distance.

Howeven, soon a.c. supesseded d.c. <n generaidlon, ZLiansmission and
utilisction because a.c. generators are sdmplen and a.c. 48 easy Lo
transjoam {iom ong voltage inie anothen joa chosdng sudliable voliages
for genexaiion, Zaansmissdlon and distalbuidion of powen. Also a.c. was
easy Lo converd 0 Zow veltage d.c. applications by means ¢f rect«-
§iers. Pariiculanly Zhe development of the 3-phase sysiem mendlled Zne

a.c. system jurther.

However some engineens were s&L{LZ convdinced aboul advantages of d.c.
jor Long disfance Liansmission. The need of one on two conduciors 4n
stead 0f thiee sdimplifies Zhe Lransmission Z4ine and a French engineza
M. Rend Thury developed and designed a high voltage d.c. Ltransmission
system, aboul 1§83, usding sendes connected d.c.. generalorsd at the send-
ing end and at receiving end thexe was a comparable numbex 0§ sendles
connected d.c. motons j4ox daiving of Low vollage a.c. generartors. Thus,

1983, may be considened as the 100th anndiverniarny 04§ HVOC transamission.

The mos# jamous 0§ Zhe Thury plants was the Mouilerns-lyon syslem, com-
miséioned in 1906. 1ts rated power was 4.5 MU which was transmitled at
60 hV d.c. and 75 A. The Length 04 the Ltransmission Line was 180 km,
and some extension was made in the pealod until 1912, Lc a Zofal capa-
edty 0f 19.3 MW whereby the voltage could be incneased o 125 RV d.c.
The austem wasd Ln operalion up to Zhe mid-30a. When <in 1927 a £ink

across the Skagerrak beiween Noaway and Denmaik was discussed jou Laz

{inaz time, the Thuty syszem was considered as a possible sefuidion ¢
the d.c. fink with a rated power 04 42 MW at 110 RV d.c.

=
o

nuhow, cesearch into HVDC transmisslon was caaxded ocul 4n cthern patils
04 the world too, and even though the Thuiy principle was a4 pROVIN GRo-
AL

tion, direci convexsdion 04 a.c. 4nto high-voltage d.c. and vice

)
<

versa, (4 nmesscble, was seen as «a betier sofution. Fcx suck comuvarnslon
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el vodtage whdeh paepaned the way jer funlnes applicaticns of HUDC
transmetscon and led to the decdadon Zo build the Goiland dlnfe - the

A4idL modean AVOC scheme in ithe world.

8edonre the f4inal decision was taken in 1950 an expesdimenital HVUDC Zrans-
misslon Line was consiucted in Wesiean Sweden befwezn Trollhdzttan and
Meflerud, a diszance of abouz &0 am. Many Zesls and exrvesdments werz
made on Zhis Line which proved that the Lechnique and princinie wesxe
1LghZ. A latrgen experdimental facility jon the values was then buLli

adfacent o the Trollhditan power staticn.

Many incidents could be rnelazed frem ihdse early days. On one occasde
a supersntendenit {aom the Mellerud stazion, when approaching the sia-
Tion one evening after he had been away on vacaidlon, was suapiised ‘o
see Lhal there was no Light on in the station. When arrndivang taexe, he
jound Zhe walls all sooted and on his desk a note reading, "How Long

iime Lo aesfoxe? - Please call me" signed B.F. (Bingen Funke, the

’

{eader o045 Lhe experdments).

The design and constauction ¢f the Gotland Link fook place {icm 1951
Lo 1954. Admittedly, there were many disturbances in the beganning,
but Lne problems wene sofved, and the subsecuent expesdence has Lndi-

cated that the decision Ltahen in 1950 was RAght., The Gezland scheme

was Lhe pLoneen profect within HVDC transmission and Zechnclogy. Many

Schemes sdince Then have budilt on the experdience gacned jaem LI, alse

from L&s innovatdive Aystem engineeading.

Scnce hese eanfy days the Layriston valve has been develowed and, o-
gether with the further develepment 04 contaol "and piciecition systems,

valve desdign e.Z.ec. Zhe neliability and avaslabllity have increased.

Today HVDC systems ate conialbuting to a beiten utilizaticn 07 efeciric
powear within many areas and Lin my opindum minimizing the cenjlick o
compeldition between a.c. and d.c. Inddvidualy they have both their ad-
vanfages and disadvantages (n modern power Zranismissicn syslems . Facm

a Zechnical cx economical point 04§ view Zhere will,of cousse, ALilf ou
caszs where a.c. {4 the 1Lght sclutdlon, and there wiif be some where

d.c. Ly the better on even the onlu solution.
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Introduction

The compendium wants to give a survey of the HVDC-systems all
over the world in detailed fashion.

Many datas are required for these descriptions and we were able
to get them for many systems. Those systems, of which not all
data wanted are available, are described as far as possible.

You will find the uniwversal scheme, which should be used for the
descriptions, after the introduction. This sheme was written by
J. Knudson, who started the compendium in 1982.

When making the compendium the single line diagrams appear to be
a problem because in literature and references they are often
drawn in different ways. We would like to use the IEC 117 symbols
for the single line diagram of all schemes, and we are using it
as far as possible.

The compendium can only be updated if all recipients support the
work and inform about the latest data available. Furthermore they
are asked to correct and to complete the compendium.

Please send your information concerning the compendium to

Wolfgang Haimbl

c/o. Verbundgesellschaft
Am Hof 6 A

A-1010 Vienna

Austria

(Wolfgang Haimbl is the member of Cigre WG 14-04 who works at the
compendium, )
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. NC. | SYMBOL CESCRIPTICN
| |
f Reslscance, rasisiocr (L7 LD i3 aot .
74 - necessary o speclIiv wnether 17 {s rezciive .
ar aac) '
34 Capacitance - capacitor
! p—
g6 | Farch (ground) |
— |
112 i
Ganeratsr/Macor }
n | —® -@ \
154 Transiormer with two separata windlngs ;
( Q ) \
|
. !
155 (;?;) Transforwer with three separate windings
156 /z:j Auto-rTansforzer
169 @’ Transformer with ca-load tap changer
189 Coil, chokes coil, induccor, izductance
— or {induccive) reactor
192 ;Z DO. variable
216A. - Circuic breaker
FRFN P Discounectsr (isolator)
, Suictch-discoanector (oa-locad isolaciag
120 Y switch) i.e. bvpass— or mecallic recurn
switches
428 -, . )
- . Llne with submarinecable
430 » |

Convercaer unlc
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10)

DATA WANTED FOR THE COMPENDIUM

Name of the HDVC installation.
Geography situation.

Between area's or countries.
Qwners - rower companies,

Manufacturer.

Commission date for commercial operation.

Main purpose.

Main data for the HVDC plants, including description of

overload capacity (continuous and seasonal).

Main data of the a.c. networks including- description

(one- or three phase) of the converte transformers, MVA-
data, voltages on a.c. and d.c. sides and the tapchanger
range.

Short circuit ratio: Here there have been some confusion

because we have not defined what we mean. 1 propose we
ask for two conditions defined from:

ESCR = Short Circuit MVA - MVA of filters and capacitors
HVDC Power

where 1) the normal SCR level of the a.c. network at
normal network configuration incl. installed
MVAR.



{0

11)

2) the min. SCR level of the a.c. network at the
lowest thinkable network configuration
included installed MVAR at the station.

We then'must give information of as well installed
filter capacity as installed SVC or synchronous
compensators, so that people who want to calculate

the SVR in another method are able to do this.

A.C. Filters: Describe design (tuned, damped, etc.)

and fill in data in proposed table.

L)

Harm. ' MVAR ' C=uF 'L =mH ' R = ohm '

HVDC system: describe line data (ACSR, dimension etc.),
Length, Shielding, insulator leakage based on the line to
ground d.c. voltage.

Land- or submarine cables: Describe type (solid- or oil-

filled), dimension and conductor area, Armouring (single,
double etc.), Length.

Electrode: Describe station arrangement (sea or land) no.

of electrodes and design (for instance graphite, back-
filling etc.), total resistance for the electrode

station.



DC filters: If d.c. filters are used describe design
incl. data of C, L and R.

HVDC valves: Describe valve design (gquadruple/single)

valve arrangement (6 pulse or 12 pulse), no. of moduls;
no. of thyristors in series or parallel per modul/bridge

arm).

Cooling system: Descripe design (total and per valve)

Smoothing reactor: Descripe design, placement and data.

References: Mention possible technical papers.
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Table 1: HVDC systems

Accordlng te
(WG 04)-073.1

in Service

table 14-86

No HVDC systems Transmiss. Rated voltage Nowinai Coamig- Comments
Distance xm kV X ne. capacity sioning
circults e date
A Mercury-Are Valve Systems
1 Gotland-Swedlsh Mainland 96 + 150 30 1954/70
2 Cross Channel 1 (GB-F} 65 + 100 160 1961 out of service
from 1984
3 Volgograd-Donbass (USSR) 470 + 4oo 720 1962-635
4 Konti-Skan (DK-5) 180 250 250 1965
5 Sakuma (J) 50/60 HZ tie 125x2 300 1965
3 New Zealand (N2Z) 609 + 250 600 1965
7 Sardinia-Italian Mainland 385 200 200 1967
8 Vancouver Pole 1 (CDN) 74 + 260 312 1968 /69
g Paclfie Intertie (USA) 1362 + 400 14540 1970
19 Nelson River Bipole 1 (CDN) 850 + 450 1620 1973-77
11 Kingsnorth {GB) 82 + 266 &40 1974
B Thyristor Valve Systems
12 Eel River (CDN) Ax 80x2 320 1972
13 Skagerrak (DK-H) 240 + 250 500 1976/77
14 David A. Hamil {USA) As 50 L00 1977
15 Cahora Bassa-Apallo (MOC-ZA) 1414 + 533 1920 1977-79
16 Vancouver Pole 2 (CDN) 74 - 280 370 1977/79
17 Square Butte (USA) 749 + 250 500 1977
18 Shin-Shinano (J) 50/60 HZ tle 125x2 300 1977
19 Nelaon River Bipale 2 (CDN) 930 + 250 900 1978
20 CU Projekt {USA) 710 + 400 1000 1979
21 Hokkaldo-Honshu (J) 168 250 300 1979/80
Az
22 Acaray (PY-BR) 50/60 HZ tie 26 50 1981
23 EPRI Coapact Station (USA) 0.6 190/400 1000 1981
24 USSR - Pinland As + 85x3 1070 1982
25 inga Shaba (Zaire) 1780 + 500 560 1982
26 Dlirarohr (A} As - 145 550 1981
27 Gotland 2-Swedish Mainland 98 150 130 15983
28 Eddy County (USA) As 8z 200 1985
29 Itaipu (BR) Bipole 1 783 + 600 3150 1985
3o Chateagyay (CDN) As 140 1000 1984
k) Pacific Intertie,
upgrade (USA) 1362 + 500 400 1985
32 Highgate {USA) As 56 200 1985
33 Oklaunion (USA) As 82 200 14985
34  Blackwater (USA) 347,64 56 200 1985
As
3s Miles City (USA) As 82 200 1985
36 Madawvaska {(CDN) As 144 350 1985
37 Sidney {(USA) As 200Q 1986
38 Cross Channel 2 (GB-F) 72 + 270x2 2000 1985/86
39 Intermountaln (USA) 794 + 500 1600 1987
40 Quebec~-New England (CDN{USA) 100690 + 450 2000/2090 1986/92
A ., . Asynchronous tle
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Between:

Power Co.:

Manufacturer:

Commissioned:

Mailn purpose:

Main data:

A.C. networks:

The Gotland HVDC scheme.

The Swedish mainland and the isle of Gortland

The Swedish State Power Board, Stockholm

ASEA Sweden

July 1954 (Hg-valves)
April 197C (Thy.valves)

Supply to the island with power from the main-
land for suppeort to the local electricity pro-

duction. Power reversal 1s possible.

Monopole: 20 MW at + or -100 KV d.c. and Z200A.
Earth return with electrode stations on botn

sides.

In 1970 the system was extended by adding a
thyristor valve group, increasing the capacity
with 10 MW and the d.¢. voltage with 50 kV
thus the present data are:

30 MW at + or -150 kv d.c¢. and 200 A.

Overload capacity: + 10 % continuously.

At both terminals is used one 3-phase con-

verter transformer per 6-pulse converter unit.



HVDC Svystem:

Maipnland: TwWO Trfansiormers 13 MVA

jas

131/42.3 &V = 7 0%
One transfocmer 12 MVA

135 = 15.5 3/41.5 KV

The three transformers are connected 2o the

130 KV a.c. system.

Short circuitf capacity: min. 500 MVA. (former
data)
Island: Two transformers each 13 MVA for
the Hg-valve groups.

40/11 KV

The two transformers are connected Lo the

70 KV bushbar by a transformer 25 ™MVA-

One transformer 12 MVA for the thyristor wvalve

group 41/75 KV + 7.53%/12%

Short cilrcuit capacity (70 KV bus) min 261 MVA.
4 synchronous condenser, 30 MVAr is connected
to the 10 KV bushbar.

Route length: 96 km.
No overhead lines are used.

Submarine cable: Solid type with oilimpregnat-

ed paperinsulation.

Conductor: 90 mmz Cu

Length: 96 km

The cable has a single steel armouring of

30 x 4..0 mm.
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HVDC valves:

Tlectrodes: The electrodescations are si

el
[ 4
u
1
(D

Q.

ac the shores on both sides.
They arz designed as sea electrodes
ced in the sea and at the mainiand

side benlnd a break water.

Resistance mainland: 0.3 ohm.

island: 0,5 ohm.
No d.c. filters are used.

Air cooled mercury arc valves are used. Each
valve has two anodes in parallel connection
and each 6 puls converter unit gas 6 mailan

valves and 2 bypass valve for S0 kV d.c. and

200 A.

In each terminal there are two serles connect-
ed HG-valve groups and in 1970 a thyristor
valve group was installed in series connecticon
with the two Hg-valwve groups.

The thyristor valves are aircooled and housed
indoor in the same valvehall. The valves are
designed as a double valve structure and each
valve arm has Go.thyristocs in series con-
nection which makes a total of 360 thyristors
for one 6 pulse converter unlit for 50 kV and
200 A. .

The smoothing reactors are placed on the high
voltage side and are on the mainland designed
for 1.9 H + 20 mH and on the island designed
for 4.2 H + 20 mH at 200 A.



Harmonic

filters are

provided at

Visrervik: 10.5 MVAr; C = 2x1.83 F; L=
and R=
Yane:
Harm. MVArL C=uF L=mH R=ohnm
5. 5 2.6 1s5é
7. 2.5 1.33 i56
11. 2.6 1.4 5§0.9
13. 1.9 1.0 60.9
References: "Flectra" no. 63, 1979 “A.C. harmonic

90

sach terminal:

120 mB
148 ohm

filters and reactive compensation for HVDC" by
SCl4-WG Q3.
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Between:

Power Co:

Manufacturer:

Commissicned:

Main Purpose:

Main Data:

A.C Networks:

CRCSS5 CHANNEL CONNECTICHN &

Lydd, Eagland and Echinghen., France

Central Electricity Generating Board and

Electricite de France

ASEA, Sweden

8 December 1961 - decommissioned 1984

Interchange of bulk power to take advantage

Adifferential costs at the margin

Bipole, 160 MW + 100 XV d.c. Single pole
operation with metallic return permissible,

provision for earth return.

Overload capacity: 20% f£or 30 min {(cable

limitation}

At both terminals one 3 phase converter

transformer per 6-pulse converter unit.

of

no

Lydd: Converter transformer 95/95/65 MVA,

284 + 15%/83.6/33 xV originally

connected to 27% kV system. At the

system uprating to 400 kV

connection was made through an auto

transformer 750/75%50/60 MVA,
400/275/13 kV.

Short circuit capacity: 500 MVA

min



ZVDC sSystem:

HVDC Valves:

Echinghen: Copnveroer trcansiormer 37.58 MVA,

232 = 13%/86.3 KV

Route length 6% km, completely cabled.

Submarine cable length SO km

Mercury-arc valves. The valves have 4 airc-
cooled anodes and an air-coocled cathode. 6 main
valves and one bypass valve form a 6-pulse
converter unit for 100 kV 800 A. The d.c.
reactor. rated 0.95 H at 800 A, is connected at
the earth end, and 1s common to the Lwo poles
with a mid point system earth made at only one

substation.

At Echinghen bridge No 1 (YY)} was replaced by an
air-cooled thyristor valve bridge 1n 1974
(manufacturer CGEE - Alsthom). Each valve is made
up of 12 modules, aech module has 10 levels of two
thyristors in parallel (240 thyristors per valve).
The firing circuit comprises 2 light guides from
earth potential to each module and pulse
transformers from the pulse generator to each
thyristor. Shunting of the bridge is by means of a

bypass pair and a circuit breaker.



g Mogxve
JOLGOGRAD -OCNBASSE ~VIDC-sCrRoME

- .
Ceographic mco

I S 470 km
| L \

Xadievka

Rostav

[ ]
Stavropot

Asirak hc:n‘\\
1




— —_
loq s -~
morr A A
v v
IX\I\”:TM _\\O!
[ wesoy |y pun t s N
oy paung oagr "oy Appeuisu nyg
PERIH AR [ [ § >t Jo yror
O] prRep X M L) 3 oy
thutpis g auzs =L o sduy o) ang |
S .\Ql
o= ARG IH IS F
: A A
S|
5 v v
N __ml~ TFI\QJl. 3 _\.‘YJ
\.:!I.ii./)\l‘.__-l Ix\\vlg
i
A
v
=
- 1]-A

ofiiatassoquo( wa)sAg

SRS

WD) auly 3jbUIs pa)uwis
JWIHIS J0AH SSYANOU-AvHIO9T10A

t_MIHiEL/_
Vi

S—

Y 006 ‘20 A% 00Y
aod wiagnog

3jod wiayyroy
¥ 006 ‘30 ANO00Y

“\vl.«l/\f\l,

A

\

]

L

-

bl

MW‘_.C(L %

A4 D Cl
\j

44—
c\

3

MH Gl
@ va

mnqsnq
AR OLT

A

¥ x\T._
MH Sl %U Q_WU

At A% BEl u,
A V.
) v
)&RA\XY
Al

N

A A BTl W
Y \)
&
A v
,)>HV\

/:

J\UiL

jar

2\\?;

3

olisaus
-paibhobjop
utzsAg



3{__: e

Powegs Lomo
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Medin zuanmease:

Main daZe:

AC Networra:

HVDC syaiem:

Quenheadfines :
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I stzg

inTerconnection betwaen two 220 xXV a.c. svstaas, Zoir
2also bv some weak a.c. lines

rnergcy supely pradominently to the Veolcocgrad arsz,
but power reversal 1s possible depending on the wata
Zlow In the Vclga river basin, and cower cemand in a:

Bipole, 720 MW a2t . 400 kV d.c. and 90€0 A. Zarth ram
(=]

le in service.

Gverlcad capacity: 15% continvousliv.

The convertor transiormers used at both termina
single phase units with Zour secondary win&ings. Two
windings, one ian star- and the other in deltsz ¢

tion are supplving one 12 pulse convertor uniz, and
two windings are at the Volzhskaya tarminal connecte
to two 115 MVAr nycro ganerators at 13.8 kV.

The fifth winding is connected to the 220 kV a.c. s°

stem.

Volzhskava: 90 MVA, 252 F 10 3/89/13.8 kv

min. short circuit capacity: 8340 MVA

Mikhailovskava: 90 Mva, 233 f 10 £/89/13.8 kv

min. short circuit capacity: 2700 MVA.

At Mikhailovskaya, only two valve windings and one 1L
winding of the traznsformer are used for supolving &
converter units,

FRoute length = 473 km,

2 x 600 mm“ ACSR conductors/oole

1A

‘-\.0
1]
e
'
c
)
0t
o
i
i
in

Line towers: Seli supporting, lattice stase
s
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24 <o Zrom The Volzhskava Zerminal and 3Z <m ZIZom fhe
Miknazilovekzyva “s2rminal. Thev zrs desicned as land elac-
zrocdas sach withn cne single steel rod, with a diamecer
of 3¢ mm. Coke backifill is used

Voiznskava: R = 0.08 ohm {excl. electrode lines).

Miknailovskava: R = 0.13 onm (excl. electrrode lines).

r,

- . 2 = . R
Zlectrode lines: 2 x 240 mm~ ACSR are used, supportad

on steel towers as separate coverhszad lines.
No special d.c. filters are usac.

When the systesm was constructed in 1262 22¢ 18635, mercury
arc valves were installed, using two valves in serlies,
each for 50 kxV d.c. and 900 A, i.e. 12 main valves and
two bypass valves per. 6§ pulse convertor unit Zor 100 XV

d.c., and %00 A, and total of four & oculse ccavertor

)

units in series per pole for 400 kxV d.c. and $00 A.
The mercury valves have one air cocoled anode and the
tank is oil cooled.

Later on, during the time from April 1874 to April 1977,
two 6 pulse convertor units have been replaced by thyv-

ristor valves.

The thyristor valves are designed as indoor valves in
a 6 pulse valve structure for 100 kV d.c. and 300 A.

Fach valve section has 6 modules in series connection.
Each module has 36 thyristor levels in series and each

thyristor level has 3 thyvristors in parallel connection.

This makes a tctal of 648 th?ristors per valve arm or

3888 thvristors per 6 pulse coavertor unit.
One module has a weight of 1000 kag.

The thyristors are air insulated and water cooled. for
bvpass path, air blast breakers are used in parallel

with bypass valves.

The smoothing resc=ors ars dlaced on the high voltags
sicde and they are designed Zor 400 &V and 1 E az 200 -~.
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2lween:

Powenr Ccemp:
rewet ~oefE

Manufacluaen:

Commisasioned:

Main nuapose:

Madin dazta:

AC NeZwonhs:

Hvpc Sysdem:

A%

Tre Xonti-Skan HVDC scheme:

)

Denmark {(V.Hassinc) and Sweden {(Gothenkbur

W}

Ccila

M
[#]
D
4!
1

The Jutland~Ffunen Power Pool ELSAM, I

) —

o]

and The Swedish State Power BHoard, Stockh
ASEA, Sweden
10th September 1965

Peak vower reserve for both countries

Excess energy supply

Energy supply during emergency situaticons to suppert
the AC system in both countries in case of network

disturbances.

Moncpole: 250 MW at + or - 250 kV DC and 1000 A.
Earth return with the anode situated on the Danish side.
(DC current flow always 1n the direction Sweden = Den-

mark).

Cverload capacity: 10% continuously.

At both terminals one 3-phase convertor transformer/
6-pulse convertor unit is used.

V. Hassing: a) ane 154 MVA, 165 = 15%/111/13 kv
with a synchronous condenser (100 MVAr)
connected to the tertiary winding at

13 kv.

b) one 154 MVA, 165 I 15%/111 kv
Both transformers are connected to the
159 kV AC system.
Short circuit capacity: min. 2500 MVa

Gothenburg: Two 154 MVA, 139/111 kV. Both transformers
are connected to the 130/400 kV AC system.
No tap changers are used on the Swedisn
transformers.,

Short circuit capacity: min. 6500 MVA
Route length = 180 km.

Qverhead lines: length in Denmark = 40 + 15 km.
{15 km on the island of Laesoce)
length in Sweden = 40 km.
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tures are used, and 1n angle towers, self
supporting lattice steel structures ars used
. 2
Conductors: 1 x 910 mm~ ACRS (ralcon).
Shieldings: Only approx. 3 kum out f£rom the convertor-

stations and 13 xm on the island are shielé-

ed by a single steel wirxe,

Insulator leakage: In Denmark 2.7 - 3.2 cm/kxV {(on 250 kV
In Sweden = 2.2 - 2.7 cm/XV {(on 250 =V

Submarine cables:

Denmark: between main land and the island of Laesce:
2 oilfilled cables (flatcable) in parallel connection,
each with 2 Cu-conductors: 2 x 310 mm?

length = 25 km.

Sweden: bhetween Sweden and the island of Taesoe:

one cable, solid type with cilimpregnated paper insula-
tion and a single Cu-conductor = 6§25 mm?.

length = 60 km.

Both cables ﬁave a single steel érmourinq {4 mm) .

tlectrodes: Because the current is decided always to flow in the
direction Sweden = Denmark, the anode electrode station
is situated on the Danish coast.
The station is designed as 25 graphite electrodes, co:
nected in parallel. Each placed in a wooden structure,
where coke backfill is used.
Resistance = 0.03 0 total.
The cathode is situated approx. 3 km from the Swedish
ceoast and consists of a Cu-bushar on the cea bed at a
depth of 10 m. Resistance = 0.02 Q1.
The cathode is connected to the electrode line by approx.
5 km of PVC cable.

DC {4&Lens: No spec. DC filters are used.
HVDC valves: Mercury arc valves are used. The valves have water cool-

ed cathodes and air cooled anodes.

There are 4 anodes/valve, and 6 main valves and 1 bym<
valve for each 6-pulse convertor unit for 125 kV DC and
10aQ6 Aa.



References:

Tach terminal

units and 56—

The smcothing

side, designed

anc

L

nas 2 series-connectaed H-pulse convertor

l2-gulse overation 1s zossible.

reactors

are placed on

for 250 kv DC and 0.6

Harmonic filters are provided

the hign veoltage
H at 1000 A.

at each terminal:

Denmark:
Harm MVAr C=uF L=mH R=ohx
18.5 2.08 195 6.12
7. 9.3 1.06 9% §.57

11, 16.8 | 1.97 | 42.5 | 2.94

13. 12.0 1.41 42.9 3.48

HP 13.4 1.57 12.2 96

l

Sweden:

Harm. MVAr ! C=uF L=mH R=ohz
5. 13.18 2.08 195 6.12
7. £.65 1.06 185 8.57

11. 11.96 1.97 42.5 2.94

13. 8.85 1.41 42.5 3.48

HP 40 6.63 3.5 21

Cigré 1964 paper 408: The Konti-Skarn EVDC project
G.von Geijer, S. Smedsfelt, L. Ahlgren and E. Andersan

"Electra"-1979 no 63, A.C. harmonic filters and reactive

compensation for HVDC. - A general survey by SC14 -WGO3.
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Beilween:

Power Comp:

ManujacZurea:

Commisasloned:

Main puapose:

Main data:

AC Netwaonhas:

73 KV and the 50 Hz 275 kxV AC system at

Zlectric Power Develorment Co., Tokyo.

[

ASEA, Sweden for the valve eguipment inc the smoothing
reactor.
Mitsubishi Electric Co., Japan for transformers etc.

Nisshin Electric Co., Javan for the AC filters.
10th October 1965

Supply of energy hetween the two AC svstems in case of
AC network disturbances or lack of energy in either of

the systems.

-

300 MW at 7 125 kV DC and 1200 A.

Overload capacity: none

The convertor station is situated about 1 km from the
Sakuma Power Staticn.

This station is connected to the 60 Hz, 275 kV AC net-
wOrk via Nagoya with interconnections to Osaka and the
Western area. The station is also connected to the SO Hz
network via Nishi-Tokyo with interconnections to the

Northeastern area.

- Main transformer no. 1l: 60 Hz, 372,5 MVA

2 x 184 MVA, 275 T 11%/108.3 kv

one 4.5 MVA, 275/3.3 kV for auxiliary
supply.

The three transformers are housed in one
tank and they are ordinary 2 winding
transformers with separate transiormer
cores.

Min. short circuit capacity = 4200 MVA

Main transformer no. 2: 50 Hz, 353 MVA
2 x 176.5 MVA, 275 T 11%/104 kV

The two transformers are housed in one

tank.
Min. short circuit capacity = 3400 MVA

The transformer zanks have a sound absorbing cover.



HVDC sydzem:

2C s4liens:

HUDC valfves:

A.C,

Filters:

feferences:
B e i

wO

Due to the station design (back to hack) =-ners are no
transmission lines, The 3IL :1s 7%0 kV for all oc 2cuiz-
ment

No DC Zilters are used

Mercury arc valves are usad. The valves have wazar cooled

cathode and tank, and air cocled anodes.

fZach valve has 4 anodes,and 6 main valves form a 6~pulse

convertor unit for 125 kxV and 1200 A.

Cnly one bypass valve - and one bypass switch are needec

for each of the two "poles"”.

The smoothing reactor is cdesigned for 123 kV, and 0.4 H
at 1200 A.

Harmonic filters are provided at 50 Hz - and 60 Hz side

50 Hz side:

(Harm. MVYAT C=yuF L=mH R=ohm
5. 20.8 0.842 480 15.1
7. 10.4 0.429 480 21.2

11. 11.7 0.488 171 11.9

13. 13.0 0.541 111 9.1

HP 35.4 1.49 14 100

60 Hz side:

Harm. MVAr C=uF L=mH R=ohm
5. 17.4 0.585 480 18.1
7. 8.7 0.3 480 25.3

11. 9.8 0.34 171 14.2

13. 10.8 0.375 T11 10.9

HP 44,3 1.55 14 100

"Electra" no. 63 1979)

- : "
“AC Harmonic filter and reactive compensation for HEVDC

A general Survey by SC14 - WG 03,



NEW ZEALAND

INTER-ISLAND HVDC TRANSMISSION
Geographic map
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Between:

Power Comp.:

Manufacturer:

Commissioned:

Main purpose:

Main data:

a.¢c. Networks:

HVDC svystem:

The New Zealand HVDC scheme

Benmore, South Island and Haywards, North
Island.

New Zealand Electricity Department.
ASEA, Sweden.
April 1965.

Bulk power transmission from Benmore %o
Haywards. Power reversal is used occasionally.

Bipole, 600 MW + 250 kV d.c. and 1200 A/pole.
Earth return is possible with only one pole in
service.

Overload capacity: 0 %.

At both terminals three single phase convertor
transformer per 6-pulse convertor unit are used.

Haywards: Four transformers designed with
tertiary windings for supplying four 65 MVAr
synchronous condensers at 11 kV.

Data: 172/150/67 MVA, 110 + 2 1/2 %/98.5/11 kv
connected to the 110/220 kV a.c. system.

Short circuit capacity: min. 3390 MVA (on
110 kv).

Benmore: 187.5 MVA, + 2 1/2 %/110 kvV.

The four transformers are connected to the 16 kV

generator bushbar, supplied from six 112.5 MVA
generators.

Short circuit capacity: min. 1560 MVA (on
16 kv).

Route length = 609 km.

Overhead lines: North Island 35 km
South Island 535 km




w4

Line towers: Self supporting lattice steel
structures.

Conductors: 2 x 794 mm° ACSR.

Shieldings: Single earthwire, outside diam. =
= 11.05 mm (7 x 3.68 mm)

Insulator leakage: 2.2cm/kV - inland) i

5.0cm/kV - costal)®" ?%°%xV
Submarine cables: Three gas-filled cables are
used for the Cook Strait crossing, and one is a
spare cable. Each cable is designed with a
single Cu conductor of 500 mm®’ and a single
steel armouring of 5.8%9 mm.

Length = 39 km, weight = 44 kg/m (in air)

Electrodes: The anode station is situated at a
distance of 25 km from Haywards convertor
station and located at the Oteranga Bay.

The station is designed as a sead electrode with
25 silicon iron electrodes in parallel con-
nection.

R = 0.23-0.3 ohm, depending on tidal conditions.

The cathode station is situated at a distance of
8 km from Benmore convertor station.

The station is designed as a land electrode with
R = 0.22 ohm.

d.c. filters: No special d.c. filters are used.

HVDC valves: Mercury arc valves are used. The
valve has 4 air cooled anodes and a water cooled
cathcode.

6 main valves and one bypass valve form a 6-
pulse convertor unit for 125 kV d.c. and 1200 A.
Each pole has 2 series connected convertor units
for 250 kV d.c. and 1200 A.

The smoothing reactors are placed on the high
voltage side, designed for 250 kV d.c. and 0.8 H
at 1200 A.
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The three-terminal HVDC Scheme "SACOI™.

Between.:

Power Co.:

Manufacturers:

Codrongianos, in the Sardinia Island, Lucciana
(Bastlia) in Corsica, and San Dalmazio (Pisa)

on the Italian Mainland.
ENEL (Ente Nazionale per 1 Energia Elettrica)
Rome.,

EDF (Electricité de France).

Codrongianos and San Dalmazio:

Commissioned:

Main purpose:

English Electric with ASEA, Sweden, as sub-

contractor for wvalve and control equipment.
Lucciana:
CGEE-ALSTHOM and ALSTHOM ALTANTIQUE as sub-

contractor, France.

Codrongianos and San Dalmazio: June 1967

Lucciana: October 1985 {scheduled)

Fregquency support to the Sardinian a.c. net-
work by power/frequency control of the d.c.
line.

In Corsica, energy supply, frequency control
and static "spinning resercve".

The direction of the power flow between the
two main stations, Codrongianos and San Dal-
mazio, imposes the polarity of the d.c. line
voltage. The direction of the flow on the a.c.

Corsican network is made independent of this



Main data:

d.

C.

networks:

(o

polarity by reversing the connection of the
Corsican convertors by high-speed isolating
switches. Automatic power reversal betwoun
main stations is still possible by a sequence

eliminating Corsican convertors for 500 ms.

The three stations are connected in parallel
on a line which is operated at the rated volt-
age + or - 200 kV; earth- and sea return are

used.

Codrongianos: 200 MW, at +200 kV d.c. and

1000 A. Anode situated on the

Sardinian coast.

San Dalmazio: 200 MW, at +200 kV d.c. and
1000 A. Cathode situated on the

coast.

Lucciana: 50 MW, at +200 kV d.c. and
250 A. Earth-electrode on the
shore used as an anode or a

cathode.

Overload capacity: 7.5 % from Codrongianos to

San Dalmazio only.

At both main terminals one 3-phase converter
transformer per 6-pulse convertor unip is used.
In Corsica, three single-phase transformers +
1 spare with two secondary windings supplies
one lz-pulse convertor, with possible oper-

ation of each 6-pulse valve group.



HVDC Svystem:

San Daimazio: 120,5 MVA: 22% +63%/87 kV.

The two transformers are connected tn the
220 XV a.c. system Min. short circuit
capaclity: 1250 MVA.

Codrongianos: 125/130/65 MVA;
230 5 %/87/13 kV.

The twe transformers are connected to the

230 KV a.c. system and the tertiary winding
connections at 12,85 kV are brought out of the
transformers to provide a coupling point for a
100 MVAr synchronous condenser via a compens-
ating reactor.

Min. short clrcuit capacity: 550 MVA.

Lucciana:
105,7
25/12,5/12,5 MVA; 90 +10 %/105,7 — 3 KV
3

The winding on the 90 kV network side is star
connected, while the windings on the valve
side are on star- and the other delta-con-
nected.

Min.short circuit capacity: 120 MVA.

Route length = 413 km.

One the whole route two circuits of the same
polarity are used. For each circuits overhead
lines and submarine cables are used. The two
overhead lines conductors are supported by the

same line towers.

Overhead lines: Sardinia 1 = 86 km
Corsica 1 = 156 km
Italian mainland 1 = 50 Km



Line towers: Selfsupporting lattice steel

structures are used both on the
and on the Islands.

Conductors: 755 mm2 A.C.S.R.

Shieldings: 94,7 mm2 A.C.S.R.

Insulator leakage: 4,2 cm/kV (on 200 kV)

Submarine cables: The two submarine cables

used are both solid type with oilfilled paper
insulation and CU-conductor of 420 mm2

The cables are armoured by a.single layer of
steel wires of 7 mm diameter.

10% km

16 Km

Italian Mainland Corsica: 1

Corsica Sardinia t 1

Electrodes: In Sardinia the anode electrode

station is designed as a sea electrode with

30 electrodes arranged in a little quiet bay,
protected from the sea by a concrete break-
water. The single electrode is made of plati-
num coated titanium pipe with cable con-
nections to a busbar.

Total resistance = 0,6 ohm (including cable
connections).

On the mainland side, the cathode electrode is
made of simple bare copper conductors support-
ed by concrete blocks located 3 km from the
shore where the depth of the water is about
.28 m.

Total resistance = 1 ohm (including cable con-
nections). In Corsica, the earth electrode,
acting as an anocde or a cathode, is locarted

.9 km from the convertor station, near the sea,



d.c.filters:

HVDC valves:

It conslists 1in a line of 50 ferro-silticium-
chrome electrodes, placed horizcntally every
5 meters.

Total resistance: 0,16 ohm.

Electrode lines: Sardinia 1 = 26 km
Italian Mainland 1 = S0 km
Corsica 1L = 9 km

Conductors: 683 mm2 A.C.S5.R. in Italia and

in Sardinia.

On the mainland the electrode line is support-
ed by the overhead line towers for 42 km and
also acting as an earth wire.

The remaining B8 km are designed as a separate
overhead line toe the cathode location, on the
Itallian coast.

On Sardinia, the electrode line is designed as
a separate overhead line to the anocde
location, about 30 km from the convertor
station.

The Corsica earth electrode line is designed
as a conventional 20 kV line but with 2 con-

ductors.

At both main stations, d.c. filters are used
for 300, 600, 900 and 1200 Hz harmonics.
In Corsica, there are no d.c. filters planned

in the present project in comnstruction.

Codronglanos and San Dalmazio:

Mercury arc valves are used. The valve has air
cooled anodes and tank. Each wvalve has

4 anodes; & main valves and 1 bypass valve
form a 6-pulse converter unit for 100 kKV and
1000 A.



A.C. Filters:

(<

Fach terminal has two series connected units,
and either 6-pulse or 1l2-pulse operation 1is
possible.

The smoothing reactor is placed on the high
voltage side, designed for 200 kV d.c. and
0,9 H at 1000 A.

Lucciana:

Air cooled thyristor valves are used. The com-
verter consists of 6 double-valves designed in
a wholly symetrical manner, to have the full
insulation with respect to the earth on both
the anode and the cathode. Each double-valve
is formed by 24 modules connected in series
and one module has 10 thyristor levels in
series each with one thyristor.

The 6 double-valves form a l2-pulse converter
unit for 200 kV and 250 A.

Two smoothing reactors are placed at both ends
of the converter. They are both designed for
200 kV d.c. and 2,5 H each at 250 A.

Harmonic filters are provided at each of the

three terminals:

San Dalmazio: Total installed: 55 MVAr

Harm. MVAC C=uF L=mH R=ohm
5. 14, - 0.89 452 .- 14.2
7. 8.- 0.512 404. - 17.8

. 1l. 9.- 0.562 149.- 10.3

13. 6.~ 0.372 l61.- 13.2
HP 14.5 0.909 28.4 250. -




~]

Codrongianos: Total installed: 48 MVAC
Harm. MVATL C=ufF L=mH R=ohm
3. 2.82 0.683 7036 244
5. 13.3 0.20C 502.8 21.7
7. 6.28 0.507 448.6 25.3
11. 1042 0.461 165.2 14.58
13. 3.15 0.806 299.8 31.7
HP 65.43 Q.16 29 29.3

Lucciana: Total installed % filters each L0 MVAr of

the damped type designed as

(s

3 combined filters for 5.- and 7. harm. and

2 combined filters for 11.- and 13. harm. each with
C=pl CliﬁF Li=mH L20mHA Riohm Rz=0hm
3.784 4.73 82.2 18.5 3.30 146.2
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Jetvzon:

Powen como.

Manudactiten:

Commiasicned:

Main purpose:

Main data:

AC Networhs:

Vancouver Island at Duncan and the mainland z- SCelita.
3.C. Hydre and Power Authoricy, Vancouver, Canada.

ASEA, Sweden for o

o
General EKlectric, USA Zor pole 2.

Pole 1: Stage I in July 1968

Stage II in Cctgoher 1969

Pole 2: Stage I in April 1977

Stage II in April 1979

Energy supply, predominantly to Vancouver Island, buc
power reversal i35 possible.
The two DC terminals are also interconnected by two

AC 132 kV submarine cables.

Bipole, 312 MW (pcle 1) + 370 MW (pole 2) = 682 MW
at: Pole 1l: + or - 280 kxV DC, and 1200 A

overload capacity: 2 hours daily at 1320 A

Pole 2: + or - 280 kV DC, and 1320 A
overload capacity: Wintertime: x) 1700 A
'x) temperature below ¢ °c.

Both 6- and 12-pulse operation is possible.

Earth return: During for instance monopolar operation

return current exceeds 600 A.

At both terminals single phase convertor transformers

are used, connected to the two 230 kV AC systems.

Arnott: Pole l: 62.7 MVA, 236+ 23%/111,1 kV
11%
Pole 2: 83.1 MVA, 236+ 1%%/119,2 kV

; , ; 1
short circuit capacity: %%n. MVA.

Vancouver Island:

Pole l: 62.7 MVA, 236427

Pole 2: 83.1 MVA, 236+15 3%/119,.2 xV

T/111,% kv

. , : 1 ,
short circuit capaCLty:Bmln. MVA.



VDT yusrom

lectiodes:

Y

2ouTsz lancth o= 73,4 m;
Cvarnezd lines: Thrse secctions. Total 2n¢In = 41,1 <a
Line Tgowears Self supporting lattice stzel struc-

conduchtors: 2

snieldings:

4C2,8 mm~ ACSR

insulator leakage: 2.75 cm/kV (on 260 kV)}

2.55 c¢m/kV (on 280 V)

-~

Submarine cables: Two sections. Total length = 32.3 xm.

Pole 1: Three 260 kV DC cables (one spare).

Solid type with cilimpregnated paper

insulaticn and a sincle Cu-conduct.rc

2

of 400 mm”. On land a short length

is 650 mm2.

Pole 2: Two 280 kV DC cables, high pressure

oil filled with impregnated paper

insulation, and a single Cu-conduc-

- 2
tor of T .

The cables have a single laver of s
armouring of 6,0 mm, -and they are buried
t

abaut 60 ¢m down in the extensive

The anode station is designed as a sea electrode at

Sansum Narrows on Vancouver Island.

It consist of 28 graphite electrodes connected as 4 x 7

electrodes in parallel,

Total resistance (excl. cverhead lines) is about 0. ohm

The cathode station on the mainland at Boundary Bay is

designed as a land electrode. It consist of 40 copoer-

weld ground rods, divided in 2 groups, each with a

length of about 9.2 meters.

Total resistance ({excl., overhead lines) is about 0.01

ohm.

The electrode stations are connected to the DC systom

by overhead lines with 2 x 470 mm2

ACSR conductore.



HUDC vadves:

GA

A,

C.

-
-~

tlters:

No O.

Vs o e

In zoole 1, arc valves are used.

Tl

Zach valve has 4 z2ir cooled ancdes.,
The
and

130

tank and cathode water cooled. Six main

are

rm a o-pulse convertor

O

one bvpass valve {

kV and 1200 A.

There are 2 series connected convertor units.

In pole 2, thyristor valves are used. The valves are
hcused indoor and they are designed as double valves.
with 2 valves in series connection per valve structure.
Three double valves form a 6 pulse convertor unit.

Each valve has 15 modules, connected in series.

One module has 12 thyristor levels in series and each
thyristor level has 2 thyristors in parallel, giving
the total of 360 thyristors per valve arm or 2160
thyristors per 6 pulse convertor unit for 140 kV and
1320 A.

Vacuum switches are used for the bypass path.

The smoothing reactors are placed on the high voltage

side for both pole 1 and pole 2. They are designed

for pole 1: 260 kV and 0.5 § at 1200 A
for pole 2: 280 kV and 0.63 H at 1329 A.
Harmonic filters are provided at each terminal and
pole.
Vancouver Island - Pole 1
Harm. MVAr C=uF L=mH R=ohm
3. 4.7 0.195 | 4000 80.2
5. 19.35 0.86 330 10.5
7. 9.65 q.44 327 15.1
11. 7.7 0.354 164 11.9
13. 5.5 0.254 164 14.1
HP 25 1.16({x2) T1.5




oo, | MVAS Cuuf L=mf R=onn
. 21,5 .04 27 4.7
7. | i1 0.33 271 5.7
11, 15.53 0.756 75 2.5
13. 1 0.55 76 2.3
HP 35 1.73 7.1 161
Arnot - Pole 1
Harm. MVAr C=yF L=mH R=ohm
5. 19.35% .86 330 10.5
7. 9.65 0.44 327 15.1
11. 7.7 0.354 | 164 11.9
13. 5.5 0.254 164 14 .1
HP 25 1.16 11.5 | 99.5
Fole 2
Harm MVAr C=uF L=mH R=ohm
21.5 1.04 271 4.1
7. 11 0.53 271 5.7
11, 15.5 0.765 76 2.5
13. 11 0.55 76 2.3
HP 35 1.73 7.1 | 161

Cigré 1976, paper 14-08

"System design features of pole IT for the Vancouver Island
HVDC link using thyristor valves" by S.C. Kaspoor, W Chin

& L.A. Zimmermann
({1979)

"A.C. Harmonic filters and reactive compensation IZor EVDC

Electra no. 63

A general survey by SC14 - WGO03.
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Between:

Cperated by:

Manufacturer:

Commissioned:

Main Purpose:

Main Data:

AC Networks:

The Pacific Intertie Scheme

Celilo, The Dalles, Oregon and Svlmar, Cali-

fornia

Celilo. Bonneville Power Administration, Port-
land
Sylmar: Los Angeles Department of Water & Power

ASEA, Sweden, and General Electric Company

May 1970, upgrade 1985 (by adding a thyristor

bridge in serie)

The generation resources of the Northwest are
made available to the Southwest during peak
load periods. In return, the Northwest is pro-
vided with enerqgy during offpeak period (Capa-
city-Energy Exchange).

The transmission of surplus hydro power from

Northwest when available.

Bipole: 2000 MW at *+ 500 kV and 2000 A/pole.
Monopolar: 1000 MW with earth return or with

metallic return.

At both terminals, three single phase con-
vertor transformers are used for each of the

four 6-~pulse convertor groups/pole.



HVDC-system:

Electrodes:

bl

+13%/

.'1‘ . & 2, 1 1
Celile: 6-banks 289MVA, 3iphase. 235§ ~ 2%/_13.3&VLL
+15%/
2 banks, 268 MVA, 3 phase 235 N 2%/85.5 kVLL

The transformers are connected to the 230 kV
a.c. System.

Short circuit capacity: min. 6750 MVA
+15%/

Sylmar: 289 MVA, 235 _ 4%/113 kVLL;
15%/
2 b - 268 . ) * .
anks 268 MVA, 3 phase 235" 4%/85 5 KVLL

The transformers are connected to the 230 kV
a.c. system. Short circuit capacity:
min 10,000 MVA

Route length = 1361 km
Overhead lines:

2
Conductors: 2 x 1171 mm ACSR/pole,

Note: Conductor cross-sectional area does not

include steel reinforced core.

Line towers: Self-supporting and guyed towers
are used. All self-supporting towers are steel
structures. Guyed towers for the Southern
section are steel and for the northern section
aluminium.

Shieldings: The northern section has a single
steel shielding wire of 127 mmz. The south-
ern section has 2-steel shilelding wires each
of 97 mmz.

Insulator leakage: varies from 1.8 to

2.6 cm/kV (for 500 kV)

At Celilo: the ground electrode is located

10.6 km from the convertor station, in Rice
Flates. The electrode is designed as a ring

type 3255 m circumference, 1067 cast iron



5

DC Filters:

HVDC-Valves:

anodes, and 2° x 2° coke backfill is used.
Total resistance in 2 parallel electrodelines
and ground electrcde = 0.43 ohms.

AT Svyvlmar: the sea elektrode is located 48 km

from the convertor station, in the Pacific
Ocean and consists of a linear arcray or 24
horizontal electrode elements made up of sili-
con-iron alloy reds suspended 0.5 to 1 m above
the ocean bottom and located within concrete
enclosures. Total resistance in 2 parallel
electrode lines and sea electrode = 1.13 ohms.

Electrode lines: At Celilo: 2 x 644 mm2 ACSR

conductors in parallel supported by the d.c.

line towers.

At Svlmar: 2 x 644 mm2 ACSR conductors in

parallel are used for the first 35 km, sup-
ported by the 230 kV line towers. For the re-
maining 13 km, two parallel paper-insulated
underground cables are used, each with a 633

2
mm Cu-conductor.

Each pole has one double-tuned HP-filter and
one single-tuned filter tuned to the 6th and
12th harmonics. The filters are connected

hetween the pole and the electrode lines.

Mercury arc valves are used for 6 of the con-
verter groups. In 1984 two additional solid
state thyristor groups were added at the
highest kv-BIL level. The valves have air-
cooled anodes and a water-cooled cathode.
There are 6 anodes/valves. The thyristor
groups are water cooled valves. Six wvalves and

one bypasse-valve form a 6-pulse mercury-arc



£8

convertor group for 133 kV: the thvriscor
groups operate at 100 kV.

Each pole has 4 series connected 6-pulse con-
vertor dgroups. The smoothing reactors rated arc
2000 A are placed on the high voltage side,
designed at 0.4 H at 400 kV d.c. and 10 mH at
500 kV d.c.
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10

The MNelson River Bipole 1| HVDC Scheme

Between:

Power Co:

Manufacturer:

Commissioned:

Main purpose:

Main data:

A.C. networks:

Radisson near Gillam and Dorsey near Winnipegq,

Manlitoba.

The Manitoba Hydro-Electric Board, Manitcba,

Canada

G.E.C. (English Electric), England.

1973.

Bulk power supply from isolated hydro-electric
generation in the north to a large load center
in the south. No power reversal is required.
The system is run on a varying daily load
cycle of full out for l1load peaking and export
and almost shut down at night.

Bipole, 1668.6 MW at the rectifier
at + 463.5 KV d.c. and 1800 A
Overload capacity: (short term): 10%.

At both terminals, three single phase
converter transformers with tertiary windings
are used for each of the three 6-pulse
converter units per pole. The tertiary
windings at Dorsey only supply the synchronous

condensers.

Radission:

Transformers: 341 MVA,., 138 kV + 20%
- 7%
(three phase)

/134 kV

connected to the 138 kV a.c. system.



HVDC System:

4V

Short ¢lrcult capacity: min. = 1100 MVA
{3 generators;}

A.C. Filters: 2 x (5,7) and one 11,12 and HP.

Dorsey
Transformers: 323 MVA, 230 kV + 28%
_ 7% /134 kV/14 kV
{three phase)
connected to the 230 KV a.c. system
Short circult capacity: min. = 5000 MVA
(4 synchronous condensers, no. 500 kV tie).
Synchronous condensers:
Six at + 160 MVAR capacitive,
-~ 80 MVAR inductive
connected to the 17 kV tertiary

A.C. Filters: 2 x (5,7,11,13 and HP).

Route length = 890 km

Qverhead lines

Conductors: ACRS; Duplex 974,3 mm2

{each 1.6 " dia., 1843.2 MCM 72/7)

457.2 mm (18") sub spac. 3600 amps/pole

DC resistance/pole is 13.89 ohms at ZOOC.
Shielding: 34.93 mm (1 3/8") dia., 7 strands
Grade 180 steel.

Towers: Tangent and light angle guyed single
mast type towers are used and also heavy angle
and dead end towers cf the self-supporting
type. .

Insulator leakage: 2.3 to 2.35 cm/kV.



Electrodes:

D.C. Filters:

HVDC valves:

10

Radisson: It is located 11.2 km from the
station and is of the ring type 381 metres in
diameter. It is comprised of a steel rod and

is installed in a low sulphur coke bed.
Resistance: 0.16 - 0,37 ohms.

Dorsey: It is located 21.9 km from the station
and is of the ring type 305 metres in
diameter. It i1s comprised of a steel rod and

is installed in a low sulphur coke bed.
Resistance: 0.37 to 0,6 ohms.

The Dorsey electrode is designed to accomodate

both Bipoles 1 and 2.

Electrode line: ACSR, 2 - 795 MCM, 54/7. This

is mounted on a separate wood pole structure.

Each pole has one sixth and one twelfth
harmonic filter. The filters are connected

between the pole and the electrode line.

Mercury arc valves are used. The valve has
air-cooled anodes and a water-cooled cathode.
There are six anodes per valve. Six valves and
a2 bypass vacuum switch form a 6-pulse
converter unit at 150 kV.

Each pole has three series connected 6-pulse
converter units. The smoothing reactors are
placed on the high voltage side. There are two
smoothing reactors per pole per station with

the d.c. filters between them.



o

A.C. Filters: Both terminals for bipole are provided with
harmonic filters:
Dorsey: 2 filters each for:
Harm. MVArL C=uF L=mH R=ohm
5. 34.7 1.67 168 3.17
7. 17.3 0.852 168 4.43
1. 26.3 1.31 44 .4 1.84
13. 18.8 0.938 44 .4 2.17
HP 80.6 4.04 4.07 42
Total reactive power installed = 350 MVAr.
Radisson
Harm. MVATL C=ufF L =mH R=ohm
5. 34.3 4.58 61.4 1.08
7. 17.1 2.34 61.4 1.52
one 5.+7.+11. harm filter with:
34.23 4.5%8 61.4 1.08
7. 17.12 2.34 6lL.4 1.52
Ll 27.8 3.84 15.2 .75
one 13. harm + HP filter with:
13. 19.84 2.75 15.2 0.89
HP 79.11 11 1.45% 21l
Total reactive power installed = 230 MVAr.

Operation is possible with only one smocthing

reactor per pole.

0.% henry each.

The smoothing reactors are




References: 1. BATEMAN, L.A.. BUTLER, L.S., HAYWOOD, R.W.

The + - KV Direct Current Transmissicn

System for the Nelson River Project.
(CIGRE 1968 session, paper no. 43-02).

2. ESTEY D.S., HAYWOOD R.W, Rolland J.W.,
Willis D.B. Nelson River HVDC System
Commissioning and initial operating
experience (CIGRE 1974 session paper

14-02)

3. "Electra" NO. 63 (197%9)
"A.C. harmonic filter and reactive
compensation for HVDC!.

A general survey by SCl4-WGO03.

4. Cigré 1984, paper 14.04
Responses of the Nelson River HVDC system
to disturbances on the receiving end a.c.
network by SCl4: R.W. Haywood and J. Chand

-
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Beteen:

Powesr Cemo.:

Manudactunen:

cmmissLoned:

Main nutpose:

Main data:

AC Netwonrhs :

17

— -, P T e —
o2 XLngsnortn BEVDC svs—am .

Xingsnorth and 2eddington - Willesden, Zngland.

Cencral EZlsctricity Generating Bcard, London.

5.E.C, England

In June 19786.

Urban reinforcement within ana.c.interconnected syster
Normal transmission from Xingsnorth to Beddington anz

Willesden. Transmission between Beddington and Willes-
den is also.pcssible (reversible) using an intercon-

nection mode.
Bipole: 640 MW at 7266 kv and 1200 A/gole.

Monopole: (metallic return) 320 MW between Beddinc-

ton and wWillesden.

Overload capacity: no.

At the three terminals, cone l-phase convertor trans-

former/6-pulse convertor unit is used.

Kingsnorth: 192 Mva, 132 kv “2%s,/113 kv.
The 4 transformers are connected :o the
132/400 kV a.c,system.
short circuit: min. 3500 MVA. [ 132kV leve

Beddington: 192 Mva, 132 kv *2%3/113 kv
The 2 transformers are connected to the
132/275 kV a.c.system.

short circuit: min. 1700 MVA (132 kV level
Willesden: 192 Mva, 132 kv 283,113 kv

The 2 transformers are connected to the
132/275 kV a c,system.
short circuit: min. 1700 MVA (132kV level

The a.c filters at each station consist of S5chh, 7%h,
ilch and 13th arms which are self tuned by wvariable

reactors in series with the capacitor banks and a

damped high pass filker.



VooRdnasnoadit - Sedddnagdon:

foute length = 39 xm.

1_neutral cable, solid zvoe paper insulated with

a single Al-conductor, 1181 mm?2.

Z) Beddington - Willesden:

Route length = 23 km.

I main cable, ©ilfilled praper insulated with a

single CU-conductor, 806 mm->

1 _neutral cable, extruded PVC insulated with
. - 2
a single Al-conductor, 1935. mm .
ELectrodes: Metallic return is usad and therefore, no earth re-

turn. In case of a fault on the neuzral czhle be-
tween Kingsnorth and Beddington, & balanced mode can
be used in which the currents in “he two coles from

Kingsnorth are kept equal.
DC-4{iltens: There are no filters on thed.c.sides of the terminals.

HVDC valves: Mercury arc valves are uvsed. The valve has water cooled

cathode and air ccoled anodes. There are 4 anodes/va'‘e
and & main valves plus 1 bypass valve in each 6-pulse

convertor unit.

The smoothing reactors are placed on the high voltage

side and are designed for 266 XV &.~. and the ratad

inductance is 0.6 H at 1200 A.

€0



©lzars: Harmenlc Zilters ars provided 2t Xingsnooth 23 well
as at Willssden anc Zeddinczcn
R Rl Dele hahule
rHarm. MVAL C=ufF 1 L=m# ! R=ohm
= 29 7 17 57 ? n_264
7. 18 3.28 63.3 1.39
11. 19 3.48 241 0.833
13. 22 4.0 15.3 0.625
HP 19 3.5 6.34 57

Beddington and Willedden: (at each terminal)

Harm. MVAr C=uF L=mH R=onm
5. 13 2.5 162.5 2.55
7. 10.9 2.0 101.8 2.27
11. 10.4 1.9 44 .1 1.53
13.1 6.0 1.47 40.8 1.67
HP 13.7 2.5 10.8 | 104

feferencegs:

Electra No 63 (1979)

"A.C. Harmonic filter and reactive compensation for HVDC"

A general survey by SC14-WGOQ3
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Commaossdionad:

dan

AT TN

Main

{ -

AdLd

“AC Netwonrnizs:

HVOC swustem:
d.c. {4ffenrs:
AVDC valves:
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The interconnection is designed as an asvnchronous

T

HVDC coupling svstem, predominantly Ior bul

< power
t*ransmission to New Brunswick.

Power ravy

t
11}

ersal i1s possible.
Energy supply during emergency situations to support
a.c

U
either of the systems Ln case of freguency vproblems.

Bipole, 320 MW at + or - 80 xV d.c. and 2000 A.

Overload capacity: 10% continuously.

The four convertor transformers used are single phase
units with dual converter windings and tertiary windings
for supplying the a.c. filters and synchronous compen-

sators.

data: 55 MVA, 230 T 12%/34.5/13.0 &V

The transformers are connected to the 230 kV a.c. svstems

cf Hvdro Quebec and New Brunswick Power, respectively.

Short circuit capacity: Hydro Quebec: Min. 1716 MVA.
N.B. Power : Min. 1612 MVA.

Due to the station design (back to back) there are no

d.c. transmission lines.

The B3IL is 350 kv for all d.c. eguipment.
No spec:ial d.c. filters are installed.

Thyristor valves are used. Each terminal has two 6 pulse
convertor units in series connection. The six valves

of one 6-pulse convertor unit is housed in one indoor
valve structure.

Tach valve section has 5 modules in series connection.

“ach module has 10 thvristor levels in series and each
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The walwves are air insulated z2nd a2ir oo
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The smoothing reactor is desigred Zor 140 <V and 0.

at 2000 A,

Harmonic Zilters are srovided at each side.

(W13
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m
t
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I
(3]

MVAr; L = 8.35mE and ¢ = 33.5uF

11, harm. = 7 MVAr:; L = Q.332mH and C

]
(=]
\¥s)
L Iy
ey
)
I

13, harm. = 5 MVAr; . = 0.332mH and € = 78.3uF ;

HP = 6.5 MVAr; L = 1.22mH; 2 = 3.2 chm and C = 78,5.7

HP = 45 MVAr; C = 2.25ufF; L 10.8mH and R = 69 ohm

jap
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.265mH and C = 218 LF, Q

.43 mE and

1
I}
O

HP = 20.5MVAr;

@]
I
[ V]
~d
I
l‘l'j

13.harm.= 10 MVAIL: L= 0.265mH and
HP = 20.5MVAr; L= 0.45 mH and

Y 0y
i n
L.

!
|
1]

@]
It
1o
[¥1]

at_the 230 kV level

HP = 45 MVAr; C= 2.25 uF; L= 10.8 mH and R= 6% ohm

Electra no. 683 ({1379)
"A.C. Harmonic filter and reactive compensation for HY

A general Survey by SC14-WGG3
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Between:

Power Comp:

Manufacturer:

Commissioned;

Main purpose:

13

The Skagerrak HVDC scheme:

Denmark (Tjele) and Norway (Kristiansand)

The Jutland-Funen Power Pool, Elsam, Fredericia
and the Norwegian State Power Board, Statkraft,
Oslo.

ASEA, Sweden

Monopole (Pole 1) in October 1976
Bipole in September 1977

Peak power transmission to Denmark, with off

Main data:

AC Networks:

HVDC system:

L

peak return Energy supply to Norway in dry vears
Excess energy supply to Denmark in years with
ample precipitation.

Energy supply during emergency situations, to
support the AC systems in both countries.

i.e. in case of AC network disturbances or loss
of generation etc.

Bipole 500 MW at + 250 kV DC and 1000 A/pole
Earth return is possible with only one pole in
service. Overload capacity: Current limit =
1030 a

At both terminals two 3-phase convertor
transformers are used per pole and 12-pulse
convertor unit.

+ 18.%8 ¥/

Tjele: 154 MVA 150 kv i 6.5 1y 109 kv

The four trénsformers are connected to the
150/400 kV AC system.
Short circuit capacity: min. 3000 MVA

< 24 .5 %/
Kristiansand: 154 MVA, 275 kV s L/ 109 kV

The four transformers are connected toc the
300 kV AC system
Short circuit capacity: min. = 2500 MVA

Route length = 240 km

Overhead lines: are both in Denmark and Norway
designed as double bipole linesi Each line has a
single ACSR conductor of 772 mm® (Martin).




Electrodes:

At the initial stage with only one bipole
commissioned, two conductors are temporarily
used in parallel.

Length of overhead lines: in Denmark = 85 km and
in Norway = 28 km.

Line towers: are self supporting lattice steel
structures.

Shieldings: The overhead lines are shielded in
Denmark by a single steel wire, and in Norway by
2 steel wires (Portal towers).

Insulator leakage: 4.1 cm/KV (on 250 kV)

Submarine cables: There are two cables, each
with a single Cu-conductor of 800 mm®. The
cables have oilimpregnated paper insulation
(solid type).

Length = 127 km, weight = 48 kg/m in air

Armouring: a double contrahelically wrapped
steel armouring of 5 and 7 mm respectively is
used.

The electrode stations are located on the shore
in Denmark and Norway. The distance from the
convertor stations is about 29-30 km.

In Denmark the electrode is designed as a number
of parallel connected graphite electrodes,
arranged in concrete rings, each with d = 2.5 m
and at a depth of 2 m. Coke backfill is used

R =0.35 .

In Norway the electrode is designed in a similar
way except that the graphite electrodes are
placed in a wooden structure with coke backfill;
R = 0.22 .

Electrode lines: In Denmark 2 x 454 mm® ACSR
conductors in parallel are used for the first
18 km, and supported by the overhead line
towers. For the remaining 11 km two parallel
underground PEX-cables are used, each with a
single Al-conductor of 300 mm?’, which means a
current limited to 750 A in case of one faulty
cable and monopolar operation.




oA

DC filters:

HDVC wvalves:

A.C.

Filters:

13

In Norway the first 20 km of the electrode lines
are likewise supported by the line towers
whereas the remaining 10 km are designed as a
separate oyerhead line. The conductors used are
2 x 198 mm®> ACSR in parallel.

No special DC filters are used, but due to
telephone interference along the DC line, a pure
capacitor of 1.25 F/pole is installed both in
Denmark and Norway.

Each capacitor is connected between the pole-and
the electrode line, i.e. they are grounded at
the electrode stations, and not to the convertor
station grounding system.

The thyristor valves are housed indoor, and they
are designed as “Quadruple"” valves. Three
quadruple valves form a 12-pulse convertor unit.
Each quadruple valve has 4 valve sections in
series connection. One valve section has

24 modules, each with 6 series connected thyris-
tors, giving the total of 144 thyristors in
series connection per valve arm. This makes 576
thyristors for one gquadruple valve or 1728
thyristors in one 12-pulse convertor unit for
250 kV DC and 1000 A. Parallel connection of
thyristors is not used.

The valve structure is air insulated and air
cooled.

The smoothing reactor is placed on the neutral
side and is designed for 0.5 H at 1000 A.

Harmonic filters are provided at each terminal:
Denmark: Two 11. + 13. harm. filters each
40 MVar, with:

Harm. MVAr C=uF L=mH R=chm
11, 20 2.50 34 0.71
13. 20 2.50 24.3 0.48




aqaz

References:

Furthermore one shunt capacitor bank=80 MVAr
{changed from HP in Dec. 198Q); C=9.95 F

Norway: Two 1l. + 13. harmonic filters each
40.8 MVar, with and two HP filters, each
44.5 MWATr, with:

Harm. MVAT C=. L=mH R=ohm
11. 20.4 0.821 102 3.9
13. 20.4 0.821 73 3.3
HP 44.5 1.81 9.7 294

Cigre 1978, papers 14.04
The Skagerrak HVDC Transmission scheme, System
design features and service experiment.
O. Hauge, S. Vikanes, E. Andersen and G. Styrbro
Electra no. 63 (1979}

"A.C. Harmonic filter and reactive compensation for
HVDC"

A general survey by SCl4-WGO3.
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Powes comp, :

Hanuiactuen:

Commisaioned:

Main putpode:

Main data:

AC Megvonius :

HVUC A_A,_ij-tﬂ.m‘ H

oC jLltens:
HVDC valvea:

0

14

General Electric UEA.
lst January 1977.

Due tg an inadegquatz a.C.cransmission system in the
Rocky Molntains area zhe Llnterconnection is designed
as an asynchroncus EVDC coupling system to zrovides a

stable power transier path between the two a.c.svstems.

Moncooole 100 MW at + oxr - 50 kv d.c.and 2000 A,

Qverload capacity: 10% continuously.

The two convertor transicormers used are 3-phase units
with two secondary windings, one in star connection

and the other in deltz connecticn giving l12-gulse
operation.

Both transformers are star connected con the orimary sid

data: 123.3 Mva - 2305 18 3,03.8 xv

The transformers are connected to the eastern/western

230 kV a.C.systems respectively. (60 Hz).

Short circuit capacity: East: min. 540 MVA
West: min. 1240 MVA

Due to the station design (back to back) there are no
d.c.transmission lines.

The BIL is 200 kV for all d.c.equipment.
HP type, single tuned to the llth harmonic.

Thyristor valves are used. Each terminal has two 6-pul-

se convertor units in series connection and the 12
valves of one terminal are housed in one valve struc-
ture. Both terminals which consist of 2 valve struc-
tures are housed indoor in one wvalve nall.

Each valve has 3 modules in series connection. Each mo-
dule has 10 thyristor levels in series and each thyri=

stor level has 4 thyristors in parallel connecticn.
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farmonic filters are provided, egual cdesignec at each side:

East = West; HP filter, 30 MVAr with C= 1.5 uF; L

39 mE
23iohm

u
1l

further more a shunt batteri;
30 MVAr is installed 2t each of the 230 %V busha~-

Electra No 63 (1979}
"Harmonic filter and reactive compensation for EVDC"

A General survey by SC14-WGO03
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3eaveen:

Power comp.:

Manujacturen:

Commisaloned:

Main purpose:

Main data:

a.c. networis :

HVDC susiem:

3%

15

Songo in Meoczazmbicue and

South Africa.
ity Supply Ccmmission, Escom, Johanneshurg
The Hidroelectrica de Cahora 3assa, Mocambicue

ZAMCO consortium; members responsible for the converter

equipment: AEG-TELEFUNKEN, BBC and SIEHMENS AG, Germany.

Stage I: March 1977 (4 bridges)
Stage II: April 1978 (2 bridges)
Stage III: June 1979 (2 bridges)

Bulk power transmission from Songo to Apollo.

Bipole, 1920 MW at -533 kV d.c. and 1800 A/pole.

Barth return is available with oniy one pole in service.

Overload capacity: none

Single phase transformers are used at both terminals,
e.i. 3 transformers per 6§ pulse unit or 24 transformers

as a total per terminal.

Apollo: 90.8 MVA, 322 % 16%/107 kV

The transformers are connected to the 275 kV a.c.svstem.

Short circuit capacity: min. 8000 MVA

Songo: 96.7 MVA, 230 kV = 16%/114 kV.

The transformers are connected to the 220 kV a.c.system.
Short circuit capacity: min. 2000 tvA

Route length = 1420 km.

Qverhead lines: Two monopolar d.c. lines with isolated

earth conductors.

2

Conductors: 4 X 565 mm“ ACSR per pole (main)

2 _
i % 117 mm ACSR per pole (earthwire)



cnsulztor lszkage: 2.3..2.7cm/EV (on 333 V)
had o~ 4—-;—:—\“ o= e - _— - 2
aoneaes The zlecitrode stations ara locz<ed
7 e Eommm = 13 o 1 3
/KM IZrom The A Llg terminal, and

jole}
15 km IZrom the Songo terminal.

The electrode stations ars at 2oth ends designed zas cdeep

electrodes.

Apollo: 4 graphite electirodes with a diameter of 300 =
arranged in vertical holes with a diameter of 750 mm.
Graphite chips are used between rod and hole and as drain
is used coarse-grained gravel filling. The electrodes are
arranged in 2 40 m conducting laver down to 130 m below
ground level. These electrodes are going to be replaced
by a different type using bitumen and graphite as back-
£1i11.

Seongo: 5 graphite electrodes with a diameter of 100 mm,

and length of 60 m, arranged in boreholes ané spaced
Yy 10 m in 2 coal layer down to 30 m below ground level.
Grapvhite powder emulsion is used hetween rod and hole

{ d > 300 mm) Total measure RY 0.03 ohm.

1. 34lZens: No special d.c. filters have been used initially, but
in each of the terminals, a surge, capacitor of 0.1 uT
was installed. Lateron the surge capacitors have been

extended to d.c. filter circuits.

2C valves: The thyristor valves used, are a double valve type, olil-
insulated and oilcooled in a tank. With special con-
sideration for the climatic conditions. This means that
3 double valves form a 6 pulse converter unit, supplied
by 3 single phase converter transformers.

In each double valve uni:t is used:

Stage_1I: (4 bridges) 280 thyristor levels in series
connecticon per valve arm and 2 thyristors in parallel.
This makes for one double valve a total of 560 thyri-

stor levels or 1120 thvristors.
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For a 5 pulse converte

for 133 kV and

Each

terminal has

giving a total of

1800 A.

insta

11328

thyristors per station.

cle wval
Lors
nis mak

lled eight 6 D
o

The smocthing reactors are placed on

side and designed for 533 kV d.c. and

thyrist
Ve a To
es 2304

Harmonic filters are provided at each terminal,

are designed as two

identical filters each with:

Apcollo: total installed 195 MVAr.
Harm. MUVAxr C=yfF L=mH R=ohm
5. 51 1.79 226
7. 27 0.396 216
11. 35 1.26 66
13. 25 0.89 67.9
HP 55 1.99 8.8 94 2

and thev

L



Ta-wm. L MUAT C=uF | L=mH | 2=o0nm
B 59 Ew 119 :
| 7 30 1.3 ’116 !
1 35 2.2 # 38 |
13 i 25 1.5 37
HP 60 3.7 4.8 51.53
SaTerences: 1: Cigré& 1974, paper 14-04:

Laycuts of the HVDC terminal stations.
A. Heyner, E.F. Ravnham, A. de Ornelas Mario,
P. Sieher.

2: Cigré 1974, paper 14-97:

Design and testing of the Cabora Bassa
valves,

(r
g
H
)~
tn
cr
0
a1

I. Boban, O. Ergin, H.W. Gierlich, H. RS:t:j

™
)
JY

3: Cigré 19786, paper 14-06:
Control syvstem.

W. Becker, S. Ranade, E. Rumpf, H. Wess

4: Cigré 1978, paper 14-13:
Commissioning of the Cabora Bassa EVDC svstem.

£.W. Kanngiesser, A. de Orelas Mario, H. Pescn,
Z.F. Raynham, W. Ziegler.

5: "Electra" No. §3 (1979)
“A.C. Harmonic filter ané reactive kcmrensaticn for
BEvVDC*"
A General survev by SC14 wWGO3

€: Cigré 1982, paper 14-05:
0llo Inverter Station HVDC operationel experience.

-T. Ravnham, P.W. Goosen.
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Zegveen: Center, Nor:tn Dakota and Arrowhead (Culuth), Minnesorsz

Powes Comp. : Minnesota Power & Lignt Co. (MP & L) Duluth - Minnesoca
Minnkota Power Cocoperative (MPC) Grand Forks - North
Dakota.

Manufactiuresn: G.E., USA.

Commissioned: 4th of May 1977.

Main puipose: Base load, bulk power transmission from Center to

Arrowhead, reversal transmission is possible.

Reinforcement of the AC system in North Dakota.

Main data: Bipole, 500 MW at +250 kV DC and 1000A/pcle.
Overload capacity: 1100 A continuously
1250 A
1400 A for 10 sec.
1800 A

for 100 sec.

for 1 sec.

AC Nelwonhs: At both terminals, single phase convertor transformer

unikts are used.

Center: 52 MVA, 235 kv ilg%/ 110 kv
Connection to the 230 kV AC sysfem
short circuit: min. 3000 MVA,

Arrowhead: 48 MVA, 234 kV 10%/102 kv

Connection to the 230 kV AC system

short circuit: min. 2.500 MVA.

HVDC system: Overhead lines, 749 km

line towers: Self supporting lattice aluminium struc-

tures, guyed towers are used in bogs.

conductors: 1 x 1439 mm2 ACRS/pole.

shieldings: 1 x 70 mm2 Steel wire,
insulator leakage: 2.72 cm/kV {of 250 kV}.

Efectrodes: At Center designed as circular trench, containing elec-
trodes surrounded by coke, resistance = 0.03Q.

2 a1, 15 xv underground cable

Electrode lines: 2 x 380 mm
tength = 10 km. R = 0.30.
At Arrowhead designed by using 800 prepackaged vertical

ancdes. R = 0.3 @.




OC dilzters:
—

HVDC values:

Filtars:

References:
—

Zz2czzoce_lines: 1 x 483 mm~ ACSR, length = 10 k.
R = 2.35D
On-line metallic recurn swizching 1s zossible.

are double tuned to the 12+h and 24th haraonic.

The thyristor valves are housed indoor, and tney  ars
designed as "Quadruple" valves. Th

form a l2-pulse convertor unit.

One valve nas 12 modules, each with 12 thyristors in
series connection, giving the total of 144 thvristors
in series connection/valve arm and none in parallel.
This makes 5376 thyristors in one guadruple valve or
1728 thyristors in one l2-~pulse convertor unit for
250 kV DC and 1000 A.

The valve structure is air insulated and air cooled.

The smoothing reactor is placed on the high voltage
side and is designed for 250 kV DC, 1000 A and .06

henry.

Harmonic filters are provided egual desicned at eacn ter-

minal.,

Center=Arrowhead: Two 11.+13.harm. filters, each 39 MVAr
with:

11.harm.= 23.5 MVAr; C= 1.16 uF; L= 50 mE
15.5 MVAr; C= 0.77 yF; L= 53.5 nH

1]

12.

un

¢

i

13.harm.

Two HP filters, each 30 MVAr with-
C= 1.5 uF; L= 9 mE and R= 166 ohm

Electra no. 63 (1979)
" Harmonic filter and reactive compensation for FvVDC"

A general survey by SC14-vGO3,.
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Betwean:

Power comp. :

Manujacturen:

Commissioned:

Main purpose:

Main daota:

a.c. netwonahs;

d.c. system:

recuency =ZVDC Ccnvertor Sktation.

The 50 Hz 275 kV and the 60 Hz 275 XV a.c. svsiam at

Nagano Prefecture, Japan.
The Tokyo Electric Power Co. Inc., Japan.

Tosniba Electric Co., Japan for 50 Hz side.
Hitachi Co., Japan for 60 Hz side.

Nisshin Electric Co., Japan for the a.c. harmonic filters.
December 1977.

The interconnection is designed as an asvnchronous HVDC
coupling system between the two electric power. systems
of the east (50HzZ) and the west (60Hz) of Japan.

The main purpose is peak power reserve for both electric
power systems.

Energy supplv during emergency situations and economical

exchange of excess energy in normal operation.

Bipole, 300 MW at + or - 125 kV d.c. and 71200 A.

Overload capacity: none

One 3-phase convertor transformer per &6-pulse convertor

unit is used.
The two transformers are connected to the 275 kV 50 Hz
system and the other two are connected to the 275 kV

60 Hz system.

Data: 187 MVA, 275 kV = 11%/110 kV
20% impedance (187 MVA base)

Short circuit capacity:

50 Hz side = min. 1400 Mva
60 Hz side min. 1500 MVA

Due to the station design {(back to back) there are no HVDC

transmission lines.



SVDC valves

AL,

Filtre

feferences:

MY

Thvristor valves ars used.
has two 6 pulse convertor

obtain

Zach 6 pulse unit is connected

72 pulse operati

Zach
units,

on.

50

Lo

Hz or 4

operating

cne 3

0 Hz

in
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transformer in ¥/Y or A/Y connection respectively.

[}

phiase Conver-or-

The thyristor valves are designed as an cutdoor tvpoe, which

is 9ilinsulated, oilcooled and housed in a tznk containing

one valve section.

For the 50 Hz side: Each

in series connection and

total of 1132 thyristors

For the 60 Hz side: EZach

in series connection and 2 in parallel,

valve section has
nore in parallel.

mer 6 pulse unit.

192
This

valve section has 120

giving

thyristors

makes a

thyristors

a totzl

number of 2880 thyristors or 1440 thyristor levels per 6

pulse unit.

Each 6 pulse unit is for 125 &V 4d.c. and 1200 a.

The smoothing reactors are designed for 125 kV d.c. and 1.0
H at 1200 A.
50 Hz - side 60 Hz - side
harm R=ohm_R-=ohm | T,=mH C=uF R=ohm | L=mH =y F
S. 23.4 300 .~ 11045, = 87,9 28,11 1043, = 259.4
1
11 5.9 113 .4 701 .4 7.1 1194 488, 2
2 7.0 1i2.4 5Q02.3 8.4 119.4 348 .7
HP | 340.- 12.45 1415.4 340. - .12.47 979.2
Cigré 1978, paper 14-02
-"Shin Shinano Frequency Converter Station™
by M. Yasuda, X. Mizushima, Y. Kato and A. Seki
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Between:

Power Co:

Manufacturer:

Commissioned:

Main data:

A.C. networks:

19

The River Bipole 2 HVDC scheme.

Henday near Gillam and Dorsey near Winnipeg

Manitoba.

Manitoba Hydro-Electric Roard, Manitoba,

Canada.
The German Working Group consisting of:

a) Brown Boveri
b) Siemens AG
c) AEG Telefunken

Stage 1 October 3, 1978 (1000 MW)
Stage 2 QOctober 1, 1984 ( 500 MW)

Nov. 27, 1984 (500 MW)
Stage 3 May 1, 1985 ( 500 MW)

June 17, 1985 (500 MW)

Bipole: 2000 MW at the rectifier
at + 500 kV d.c. and 2000 a
This reduces to 1800 A at high ambient temper-

atures.

At both terminals two three-phase converter
transformers (one wye and one delta) are used
for each of the two l2-pulse converter units

per pole.

Henday

Transformers: 275 MVA, 230 KV + 31.6%

' 479 /108kV
Short circuit capacity: Min. 1800 MVA
(7 generators)

A.C.Filters: 3xHP (all tuned to 12th harmonic)



Dersey
Transformers: 262 MVA, 230 KV + 31.6%

_ 4.7 /1Q3KV
Short circuit capacity: Min. 5000 MVA {4 sync.
condensers, no 500 kV tie)
A.C.Filters: 2 x (11,13) and one HP.
This a.c. network is common with the Bipole 1
at Dorsey.

HVDC System: Route length - 930 km

Overhead lines: The lines are identical to
those of Melson River Bipole 1, HVDC scheme,
therefore refer to it for details; except d.c.

resistance per pole is 14.53 ohms at 20°C.

Henday: Three HP filters are installed:

Harm. MVATL =ufF L=mH R=ohm
HPE 100 5.0 4.88 134
HP 200 10 4.88 134
HP 200 10 4.88 134

Electrodes: Henday: It 1s located 11.2 km from the station

and is of the ring type S48 meters in dia-
meter. It is comprised of a steel rod and is
installed in a low sulphur ccke bed.

Resistance: 0,4 ohms.

M@



D.C.

Filters:

HVDC Valves:

A.C.

Filters:

19

Dorsey: Please refer to Nelson River Bipole 1
HVDC scheme as the electrode is common to hoth
bipoles, however a separate electrode line has

been constructed.

Each pole has cne twelfth and one High Pass
(tuned to the 24th harmonic) harmonic filter.
The filters are connected between the pole and

the electrode line,.

Thyristor valves are used. The valve group
consists of three quadrivalve structures. Each
valve arm contains 16 thyristor modules and

8 valve reactor modules.

Each thyristor module has six thyristor levels

in series and two in parallel connection.

Each valve arm contains 96 thyristor pairs in
series of which 91 are required for safe

operation.

The thyristor modules are air insulated and
water-cooled. Each thyristor module weighs
120 kg. The bypass path of each bridge is
accomplished with a bypass thyristor pair of
valves. Each pole containes one smcothing

reactor on the high side rated at 0.75 henry.

Both terminals for bipole II are provided with

harmonic filters.

Dorsey: One filter for 11. + 13. harm. + HP

filter with:



Harm. MVATr C=u T L=mH R=ohm
11, 82.2 4.1 14.3 1.08
13. 58.2 2.9 14.3 1.27
HP 120.28 6 2.2 158
one filter for 11.+13.harm. with:
11. 82.2 4.1 14.13 1.08
13. 8.2 2.9 14.3 1.27
Haywood R.W., Patterson W.A. - Applic-

References: 1.

ation of control on the Eel River and
Nelson River HDVD System to enhance oper-
ation of interconnected systems (CIGRE
1976 session paper 14-04).

Beriger C., Etter P.,
Thiele G.
istor wvalve groups for extension of Mani-
toba Hydro HVDC system (CIGRE 1976

paper 14-05).

Hengsberger J.,

- Design of water cooled thyr-

session,

Hengsberger J., Roth K., Thiele G. -

Testing of thyristor valves for bipole 2
of the Manitoba Hydro HVDC system (CIGRE
1978 session paper 14-03).
Linhofer &., Thio C.V.,

Hamlin R.J. - system tests for

Kaeuferle J.,
Wistow E.,

HVDC (CIGRE 198C session, paper 14-06}.
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Between:

Power Company:

Manufacturer:

Commissioned:

Main Purpose:

Main Data:

AC Networks:

20

The CU HVDC Scheme

Coal Creek, North Dakota and Dickinson,

Minnesota

Cooperative Power, CP, Minneapolis, MN
United Power Association, UPA, Elk River, MN

ASEA, Sweden
August, 1979

Base load, bulk power transmission between Coal
Creek lignite mine-mouth generation plant to
Dickinson; reversal transmission is possible.

Bipole 1000 MW at + 400 kV and 1250 A/pole
Overload capacity: 1375 A continuously
1500 A for 1 hour or
continuously if the tempe-
rature is below 8°C
max. 1820 A during damping
control sequence

At both terminals, two 3-phase converter trans-
formers (Wye-Delta and Wye-Wye) per pole, 1 for
each 6-pulse group at each terminal

Coal Creek: 4 @ 308/339 MVA; 235 kV +20 %/174.5 kV

-10 %/174.5 kV
(+16 and -8 taps 3 1.25 %/tap)
connection to the 230 kV AC system

Dickinson: 4 2 292/321 MVA; 350 kv +21.25 %/165 kV

- 8.75 %/165 kV
(+17 and -7 taps ® 1.25 %/tap)
connection to the 345 kV AC system
Minimum short circuit ratio of 3.5



HVDC System:

Electrodes:

DC Filters:

HVDC Valwves:

Overhead lines, 701 km (435.5 miles)

Line towers: self supporting lattice steel
structures
Conductors: 2 x 1150 mm® ACSR/pole
(d=1.504 in)
Shieldings: 2 x 130 mm° steel wire (d=0.5 in)
Insulator leakage: 25 mm/kV

At both terminals the electrodes are designed as
18 wvertical electrodes, each with 4 = 300 mm and
approx. 60 mm deep; coke backfill is used.
Resistance/electrcde: total less than 0.1

Electrode lines: 2 x 620 mm° ACSR (d=1.108 in}

Coal Creek: length = 10 km (6.5 miles); R = 0.38¢.

Dickinson: 1length

Ie

22 km (14 miles); R = 0.88 <L

On-line metallic return switching is available.

Dickinson - Double tuned to the 12th HP 24th
harmonic
Coal Creek - High pass type, tuned to the 12th
harmonic

The thyristor valves are housed indoors, and they
are designed as "Quadruple" valves. Three
quadruple valves form a l1Z-pulse converter unit.

Each quadruple valve has 4 valve sections in
series connection., One valve section has 30 mo-
dules, each with 6 thyristors in series connec-
tion, giving the total of 180 thyristors in
series connection/valve arm and none in parallel.
This makes 720 thyristors in one quadruple valve
or 2160 thyristors in one l12-pulse converter unit
for 400 kV DC and 1250 A. The valve structure is
air insulated and air cooled.

The smoothing reactor is placed on the neutral
side and is designed for 0.4 henry.




20

AC Filters and
Shunt Banks: Both terminals are provided with harmonic
filters:

Coal Creek: 2 filters each for 1lth and 13th
harmonic and
2 high pass filters each

' Quan. ' Harm. ' MVAR* ' C= ,F ' L=mH ' R=ohm '
! 2 “11th ' 32.3 " 1.55 " 37.3 ' 1.6 ‘
' 2 '"'13th " 33.9 ' 1.63 ' 25.6 ' 1.5 '
! 2 ' HP '56.5 ' 2.72 ' 4.3 ' 78 !
! Shunt Banks !
! 1 ' SH ''102.8 ' 4.94 ' - ' - !

* MVAR 0 235 kV

Dickinson: 2 filters each for 1lth and 13th
harmonic and high pass filters

' Quan. ' Harm. ' MVAR* ' C= uF ' L=mH ' R=ohm
' 2 " 1l1th ' 31.4 ' .678 ' 85.5 ' 4.8

! 2 ' 13th ' 33.4 ' .72 ''57.7 ' 4.4

' 2 ' HP ''71.7 ' 1.55 ' 7.9 ' 143

! Shunt Banks

! 3 ' SH '

114.7 ' 2.48 ' - ' --

* MVAR @ 350 kV

References:

"Electra”™ No. 63 (1979)

“A.C. Harmonic filter and reactive compensation
for HVDC"
A General survey by SC14-WGO03

"The CPA/UPA + 400 kV HVDC Project", Arnold E.
Poppens, Robert J. Heiser, and John M. Nelson
Proceedings of the American Power Conference,

1976

"CU + 400 kv HVDC Project, Converter Station
Layout", D. J. Christofersen and J. C. Goerss
Panel Session, IEEE Power Engineering Society
Tenth Conference and Expostion on Overhead and
Underground Transmission and Distribution,
September 14-19, 1986



2

~N
- l, N —
\\I \\/‘\ /
| e
/HOKKAIDO
A

ol

Hakodaote

A
0 —\%
~

D

SEA OF JAPAN

HONSHU

o PACIFIC OCEAN
SHIKOKU
KYUSHU
D
50

HOKKAIDO - HONSHU HVDC SCHEME
Gecgraphic map



HOKKAIDO

SEA OF JAPAN {> |HOKODATE

{
® Hokodate

FACIFIC OCEAN

TSUGARU STRAIT

@ Aomori

Kamixita | D

HONSHU

HOKKAIDO ~HONSHU HVYDC SCHEME
Geographic map



A

YL VYA

Jogsng
AN SLT

o) lamod
31012313 njoyo)
SS oIy

S \OIL

1IMoDa1 Jurngs puoD
mjondns ungs

- _._\ z\\rl
w}:sl.:.!.x\:'L ) 4
|...).>|\|x\3|-

S SN —

A LS L

[SIsRR RS2 R _\

L o ﬁiﬁurh
f nev s ;Lim:
AN S

I.U‘glmi_r_%\ol
AW GE B

v:muu:a>>\t1ait I
gl

Ty

flauQIAr$\ﬁHuMﬁ '
AW 94
-m o
o ua——S
AN IE

AR TN TIV S TIPTATE

wolboip ault aiburs pandwig

SW3IHIS J0AH

NHSNOH - OUTYHHOH

___ls\ol..\\O?Q/rYI....{!nLL\v:I:_

"

id
2

o

JIVaouvll

togsng

A4

y/ix

al
RN Y
] e
wioy 9q m
L\\bl
YM IV
aull-Ho
4 ; ——
o/,{fd/fvumumuu\i(ir\?
2uIOWIgNS
J0§903s 30

L8t

07 Jamog

31113213
pproyyoy jo
‘'Sd JVUDN

rn/n

$10120D3J junys puo
siojioudod junys

o b —
, —o »—f—-
AN T
S T SN v

LRITSET
VLIREIR
1o} AAE'E

IYAH T O )

rbf.ml CNAW L
..:L_|CC.1UL

AR 186

" _ _ YA 91

S12)11}  DIUowW 0}

s



Jetuesn:

Powes comp. :

Manufacturen:

Commissioned:

Man purpose:

Main data:

a.c. nelivonizs:

2]

Tha Heokkaico - Honsnu H#VDC link Scheme,

Hakodate, Hokkaido (north island) andé Xamikita, Zonshu

(main island).

Electric Power Develcpment Co., Tokyo, Japan.

HITACHI CO. ({Hakodate}, and TOSHIBA CO.(XKamikita), Japan
for the valves, transformers and d.c¢. egquicments.
Nisshin Electric Co., Japan for the a.c. filters and

d.c. filters.

First stage 150 MW: December 1579
Second stage 300 MW: June 1980
Final stage 600 MW: Undecided

The HVDC link interconnects the power syvstems of Hok-
kaido and Honshu with the aim of improving reliability
and economy through wide-area power system operation.
The purpose of this link i1s a saving of reserve power,
effective control of fregquency variations, mutual ea-
mergency power assistance in fault occurrences and

wide-area power system operation.

J00 MW, monopole metallic return, 250 kV, 1200 A.
(Final 600 MW, bipole, = 250 kV, 1200 A)

Overload capacity: none

At both terminals one 3-phase convertor transformer/

-pulse convertor unit is used.

Hakodate: 187 MVA, 187 kV + 19,5%/- 7.5%/110kV
The two transformers are connected to the
50 Hz 187 kV a.c. network.
Short circuit capacity: min. 900 MVA

Kamikita 187 MVA, 275 kV + 18.3%/-8.6%/110 kV
The two transformers are connected to the
50 Hz 275 kV a.c. network.

Snort circuit capacity: min. 1500 MVA



VOC Susioms -

Cvernezd lines: length in Hokkaido = 27 km
lencthr in Honshu = 97 km

Line towers: Self supporting steel structures.

Conductors:

5
810 mmz, ACSR, 810 mm~ ACSR/ZTAS

2
240 mm”, EACSR, 240 mm”~ AS (doukle)

H

malin circuit

ety cinmcuis

(Yo}

Insulator leakage: 3.8 - 6.9 cm/kV (on 250 kV).

d.c. filters: Hakodate: 6th and HP? filters
Xamikita: 6th and surge capacitor.
Submarine cables: Length = 43 km.

The cables used-for the Tsugaru Strait crossinc are:

Main_circuit: An oilfilled cable (OF) with a Cu-con-
2

ductor = 600 mm~ and designed with an oil channel,
éd = 2% mm in the center

Normal oil pressure = 2.31 MPa

Transient max. = 3.61 MPa

Total diameter of the cable = 125 mm

Return circuit: A polyethvlene cable (XLPE) with a
CU-conductor = 500 mmz.

Total diameter of the cable = 75 mm

Both cables have a single layer of gqalvanized
steel armeouring (8 mm for main circuit cable,

6 mm for return circuit cable}.
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Thvristor wvaives are usec. Zach t2rminal has twe 3 Dulse
convertars units 1n serles connectisn, and £€- or I ozulse
creracion 15 2ossible.

\
B
it
]
[
EZ
}a
rt
H
tn
(9]
1Y)
in
‘c

18]
o3
1Y
M
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A

as three 1ndoor double valvas with

wvalve struccure.

Zach valve section has:

A: For the Hokkaido side (Hakodate)

19 modules in series connection, and each module has &

thyristors in series and none in parallel. This makes a to-

tal of 114 thyristors per valve sectionor 684 thyristors

ver 6 pulse cenverter unit.

B: For the Honshu side (Kamikita)

28 modules in series connection and each mcdule has 4 thy-

ristors in series and none 1in parallel. This makes a “otal

of 112 thyristors per valve section or 672 thyristors per

6 pulse converter unit.

The double valves are airinsulated and aircocled.

Each & pulse unit is for 125 kV d.c. and 1200 A.

The smoothing reactors are placed on the high voltage side

and are designed for 230 kV d.c. and 1.0 H at 1200 A.

Hokodate Kamikita
rmt R=ahm IL=my C=yw — R=zqbm | I;=mE C=ufp
S. 4,55 144.9 2.79 9, 8S) 313 7 1.29
7. 6.37 144.9 1,43 13.8 313.7 n_AA1
11. 6.54 94.6_| 0.884 10,- 1 144.9 | 0. s7s
. 7.73 94 A Q.634 118 144 @ Ay
HP 166 .~ 8.38] 2.75 428 .- 21.7 1.06
Cigré 1980 - paver 14-03
"Hokkaido - Honshu" HVDC Link
By T, Takemgchi, K. Muzushima, Y. Kato and K. Muratani
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The ACaRAY EVDC svsten
Jetivean The 30 Hz, 220 xV a.g. svstem at Acaray, Paracuav
and the 50 HZz, 120 XV =a.c. system in 3razil.
Powen Comp. : A.N.D.E., the Paraguavan Power Utilicy andé C.0.2.Z.L.,
the 3razilian Power Utility

Manu jacluren: Siemens A.G., Germany.
CommisaLoned: March 1981. (final acceptance March 1982).
Main purpose: Energy supply to Paraguay during periods with shor:zage

of water in the hydro electric power systams, and
export to Brazil when there is a surplus of water in

Paraquay,

Stabilizing the 50 Hz system fregquency in Paraguav by

HVDC power - or frequency control.

Main data: Monopole 50 MW at + or - 25.6 kV d.c. and 1950 A.
Overload capacity: 10% continously.
a.2. Networks: Six single phase three winding converter transfocrmers

are used. The lower valve windings are star connected
and the upper valve windings are delta connected to

obtain 12-pulse operation.
data:
S0 Hz side: 20.5 MVA, 238.6 ~ 16%/11.2 kV

short circuit range: min. 800 MVA

60 Hz side: 20.5 MVA, 135 — 16%/10.9 kV

short circuit range; min. 410 MVA.

HVDC syatem: Due to the station design (back to back) there are no

d.c. transmissicn lines.

d.c. {«tens: No d.c. filters are used.

HVDC values: Water cooled thyristor valves are used.

_{ Zach terminal has two 5S-pulse converter units in series
H



d.c,

reaclonr:

)
L]
-1,

ferences:

JConnecTlon 4AncG a2 2 T2l e2s o ChEe Ta2IMMLInZL X2 nouses
~ - a1 . sy e ey m et v P B — = =z

10 2ng NCrlZgontTia. vaLlye sTICUCTuTE, COnsL3T LT O20I Iour

YNlTs 2AC noUusing Tnirze NEN Lz Ted IIT3mMes 10X T2 Thv-—

For each valve arm only one mcdule, consisting of 8§
thvristor levels {one redundanit} has been usacd. N¢
thvristors in parallel.

For a 12 pulse ccanverter unit this makes at total of
12 modules or 96 thvristors.
Both terminals which consist cf twe valve structures

are noused indcor in one valve hall of 180 3. {h=8m)

The d.c. reactor 1s placed on the earth side with
earthed centre tap. It is designed as an air insu-
lated, coreless type for 25.8 kV and 2 x 13 mH at
1950 A,

Cigré 1982, paper 14-02

“Acaray HVDC back-to-back station

-]
H
(8]
|~
=
o
[h

by O. Ruiz Diaz, D. Povh, W. Feldmann and D.
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Powen T2

Mapusaciuren:

Commisasloned:

Madin puanose:

Madin daila:

A.C. Nefwonhks:

A.C, Filtens:

in cooperation wixh

The Electric Power Research Institute has sponsored this
research and
d.c.

the future regquire-

prototype HVDC project for investigatiocon,

develoopment on gasinsulated outdecor d.c. bussystems,

valvesvstems and cables in order té meet
ments Of electricity supply to urban and city areas.

The facility will be used by EPRI to obtain performance,
in

reliability, operation and maintenance data.

Due to heavy short circuit duty at each of the stations a

solution by using a.c. was not technical possible in this

case.

Monopole: 100 MW at + or - 100 kv d.2. and 1000A.

At each terminal one 3-phase, FOA cooled transiormers is

used per 6 pulse converter unit. The four transformers are

identical with fcollowing data.

=17, [/
d 1
_ 5%/ 44 .4 kv

Short circuit capacity:

62.5 MVA, 138 kv

min. 10.000 MVA.

Each terminal is provided with harmonic filters for the

1. and 13.
They are designed as compact gas insulated filters deve-

harmonic.

loped by EPRI and taken into service late 1979.

C L R
Data MVAX
ufE mH ohm
11. harm.
13. harm.
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D.C. reactors:

Rejerences:

A4O

Zach ctarminal consist of Two seriss zomnscIsd 5 onulsa
converTer niis Ior <chtaining 17 zulse Toerzcian

Zacnh 6 pulse converiter 1nl:s comprises Two series connechad
valve arms, housed In a dead-tank, ¢as insulated wizh li-

guid ceoled thvristors.

Each valve arm consist of 5 series connected modules, o

1)
(929

with 12 0
levels per valve or 120 thyristor lavels per tank. Tor
720 r S

)

thyristor levels giving the total o
e
complete 12 pulse unit this makes thvristo

each with thvristors in parallel.

The two terminals are connected by two
cables, esach consisting of two types, s

middle with special cable joints.

One type 1is & medium pressure oil filled d.c. (MPOF)

canie

-
-
(]
o
0]
1

and the other is a high pressure oil fi

{HPOF) both for 400 kV d.c.

The length betw. terminals are 600 m,

Each terminal is equiped with one rsactor on sach side

of the converter. They are FOA coocled and designed for

62.5 mH at 1000A d.c.

Cigre 1978, paper 14-06:

Compact Gas Insulated HVDC Terminals

M.A. Dranchak, C. Flairty, A.

Fischer and N.

Hingorani,
F.E.

N.G.
R. Nakata,

by:
Tai.

Glassanos,
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Between:

Power {Co.:

Manufacturer:

Commissioned:

Main purpose:

Main data:

A.C. networks:

2L

The USSR - Finland HVDC scheme.

The USSR and Finnish d.¢. power systems at

Vyborgqg.

Lenenergo, Leningrad and Imatran Voima Oy,
Helsinki.

Ministry for Electrotechnical'Industry of the
USSR.

The first unit in December 19831.
The second unit in the autumn 1982.

The third unit in the summer 1984.

Contracted energy supply (4 TWh/yvear) from
USSR to Finland up to 1989.

Totally commissioned the USSR - Finland inter—
connection will consist of three independent,

parallel back-to-back units, each rated

355 MW, + 85 kV d.c. and 2100 A, i.e. totally

1065 MW.

The converter station is situated near to the
town Vyborg in the USSR. '
The station .is connected with 2 x 330 kV a.c.
lines to the united power system of the USSR,
at the 330/220/110 XV substation "Vostoch-
naya", and with 2 x 400 kV a.c. lines



o

ts the Finnish power system at the “"Yllikkilan

400/110 kV substation in Finland.

Transformer data:

18 single phase transformers are used. The
line windings are star connected with earthed
neutral. .

The tertiary windings, rated at 67{ 3 and

67 kV are star/delta connected respectively

for obtaining l2-pulse operaticn.

USSR
135/67.5/50MVA, 330/ Y3 +12x1.27%/67/ ¥3/67/38.5kV

Finland:
135/67.5/50 MVA, 400/ Y3770/ J3/70/38.5 kv

The reactive power is supplied to the station
by the a.c. filters connected to the tertiary
windings of each of the converter transformers.
The 2 x two HP filters (55 and &5 MVar) on the
330 and 400 KV a.c. busbar respectively and
also the 2 x two synchronous condensers on
each a.c. side are used for control! of the

d.c. voltage and the reactive power flow.

USSR: 2 x 100 MVAr at 11 kV, connected teg the
330 kV a.c. busbar by two transformers,
each 125 MVA., and 347/10.5 kV,

Finland: 2 x 160 MVAr at 15.7S5 kV, connected
to the 400 kV busbar by two trans-
formers, each 250 MVA, and 420/15.7% kV.



24

Short circuit range: USSR (330kV) min. 2900 MVA
Finland (400kV)min.3200MVA

HVDC System: Due to the statien design there are ng d.c.
lines.

D.C. Filters: No d.c. filters are used.

HVDC valves: Water cooled thyristor valves are used. Each

terminal has two 6-pulse converter units in
series connection for obtaining 12-pulse oper-
ation.

One valve arm has 3 modules, each with

32 thyristor levels in series.

Each level has 3 thyristors in paralilel giving
the total of 288 thyristors per valve arm.

This makes 1152 thyristor levels and
3456 thyristors for cne l2-pulse converter

unit for 85 kV d.c. and 2100 A,

Each of the three back-to-back units is in-

stalled indoor in separate valve halls.

Smoothing reactors: These are placed in the

connections between the two 1Z2-pulse units of
one back-to-back unit., They are designed for
0.1 H at 2100 A.

A.C. Filters: At each terminal three identical harmonic fil-

ters are provided. They are designed as com-
bined filters for the 5., 1l., and 13. har-
menic and HP.

Totally installed 360 MVAr per terminal.



Refarences:

Cigré 1978 paper l4-11

“USSR - Finland HVDC Intertie"

V. Emeluanov, H. Heikkild, L. Mikelad

Cigré 1984, paper 14-11

Equipment for the USSR-Finland HVDC back-to-
back link and its operational experience.
by: V.P. Kulakov, A.K. Mazurenko, !.P. Tara-
tuta and G.M. Tshasman
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The Inga Shaba HVDC scheme.

Between: The provinces of Inga and Shaba in the repub-

lic of ZAIRE.

Power Co.: Societe Naticonale d'Electricite Kinshasa, ZAIRE

Manufacturer: Morrisen-Knudson Co, USA, as maln contractor

with ASEA, Sweden and G.E., USA as subcon-

tractors for the two converter stations.

Commissioned: 1982/1983

Main purpose: Bulk power transmission for electricity supply

to KOLWEZI in region of Shaba, the mining

district of south east Zaire.

Main data: First stage: 560 MW at + 500 kV d.c. and
560 A/pole

Overload capacity: 35% for 30 min.

A.C. networks: At both terminals 6 single phase converter

transformers are used per 12 pulse converter

unitc.

Inga: 57 MVA, 220 kV +15/-10 kV/215 kV, 50 Hz

The transformers are connected to the 220 kV

a.¢. busbar.



HVDC System:

Electrodes:

ALO

Short circult capagcity = min. 2930 MVA

KOLWEZI: 51 MVA; 220 kV +24.5/-21.0 kV/192 kV,
50 Hz

The transformers are connected to the 220 kV

a.c. busbar.

Further more three 70 MVA synchronous con-

densers are connected to the busbar.
Short circuit capacity = min. 1690 MVA.
Route length = 1700 kn.

Overhead lines: Designed as two separate lines

. 2
with conductors = 3 x 524 mm ACSR (1033 MCM)
The lines are separated 40 m from each other.

Line towers: These are self supporting lattice

steel structures.

Shieldings: The overhead lines are shielded by

2
a 520 mm ACSR (1018 MCM).

Insulator leakage: 2.67 cm/kV at 500 kV d.c.

The electrode stations as well at Inga as at
Kolwezi are located in a distance of 39 km and
11 km respectively from the converter
stations, and both are designed as land

electrodes.



K

D.

C.

Filters:

HVDC wvalves:

A,

cC.

Filters:

25

Resistance - Inga: 0,240 ohms

Kolwezi: 0,14 ohms

The Inga electrode is designed as a linear
ground electrode and the Kolwezi electrode is

a4 three-legged ground star electrode
No d.c. filters are used.

Alr cooled thyristor valves are used. They are
designed as double valves, fully insulated to
ground in order to obtain the possibility of
changing the polarity. Six double valves/pol

form a 12 pulse coaverter unit.

One valve arm has 43 active modules., each with
6 series connected thyristors giving the toctal
of 258 thyristors in series connection per

valve arm. This makes 516 thyristors per valve
structurze or 3096 thyristors per 12 pulse con-

verter unit for 500 kV d.c. and 560 A.
The wvalve structure is air insulated.

The d.c. reactors are placed on the neutral

side and they are designed for 1.5 H at 560 A.
As protection against incoming lightning
surges reactors are placed on the high voltage
side.

These are designed for 0.075 H at 560 A.

Harmonic filters are provided at each terminal
and designed as two combined 11. - 13. harm.

and HP filters each with:



Inga: total

installed 37.2 x 2 MVAr.

Harm. MVATL C=uF L=mH R=zohm
11. 10.1 0.664 126 3.0
13. 7.2 0.474 126 3.6
HP 19.9 1.31 13.4 283
Kolwezi: total installed 95.2 x 2
Harm. MVAr C=uF L=mH R=ohm
11. 28.1 1.85 45.3 1.1
13. 20.4 1.32 45.3 1.3
HP 47 3.09 5.7 164
References: Electra no. 63 (1979)

"A.C. Harmonic filter and reactive compens-
ation for HVDC®
A general Survey by SCl4 - WGO03.

ACY



26

dow 2yydoiboag
WALSAS DO0AH HHOYNMING 3HL

e

e

AHVONNH

s3dopn0 m vI¥LSNY

/\\\

VIMVAOTSOHD3ZD

/’I\b

Jyorureng

8%;-@

IFAADIG @

GNV10d

MODISIOp m

ANYWY39

L



IPIS - YSSD

41z
hvlLiZi’:
IYAH £0L

41z

——

VAW £0L

Iz

AINITADIG . 4

i

soqsnq
z)4 0§
A 0Ty

1jsl9

R

HW 1Yy

{jSi9

HW 62

b1

IYAW £01

H/y

HW S8

(@D

o

Od 474
Ms29/ 58 10y

4\- @ *
YAW SEC
S 13I0)SUD |

woiboip auly a1buis paindwig
WILSAS J0AH YHOUNYINA 3IHL

apis -y

Usl9 mlm

hedd ;s: €0l

jsia ml z

J
ey YA 8_

EL

_:|.=||I.

IYAM 28

|

V/xd

I
Ak-p Od

<<

Y O6L€ 20 A% Syl

M m.S\..ﬂ..m” L0y

YAH SCE
S1auI0)5UDL)

jogsnq
IH 0§
A QLY



Between:

Power Co.:

Manufacturer:

Commissioned:

Main purpose:

Main data:

A.C. networks:

A.C. filters:

26

The Duernrohr HVDC scheme

The 400 kV, 50 Hz CMEA network (East Eurcpe) and
the 420 kv, 30 Hz UCPTE network (West Europe at
Duernrohr Austria. The interconnection is de-
signed as an asynchronous HVDC coupling system.

Osterreichische Elektrizitidtswirtschafts AG.
(The Austrian Electricity Supply board)

The Austria - German - Swiss Consortium
AEG - BBC - ELIN - SIEMENS.

lst of September 1983

Exchange of energy between East- and West
Europe.

550 MW at 145 kV d.c. and 3790 A

Overload capacity: 15% at ambient temperatures
below 10°C.

The converter station DUERNROHR is situated

40 km from Vienna. This station is integrated in
the Austrian 420 kV network, and is also con-
nected to the Czechoslovakian transformer
Station SLAVETICE by a 400 kV a.c. line, with
the length of approximately 100 km.

Converter transformers: Two three phase trans-
formers are used for each 12 pulse converter
unit. They are identically on both Austrian and
Czechoslovakian side:

335 MVA, 401 +6%/-9%/62.5 kV, 50 Hz

Short circuit capacity: min. 3000 MVA

On the Austrian side the SCR lewvel will in-
crease by the end of 1984,
The highest a.c. voltage allowed is 420 kV

On each a.c. side of the converter two filters
of HP-type are installed and each with the
capacity of 103 MVAr (ll. and 13. harm.)
Furthermore to meet the demand of reactive power
shunt capacitor banks are installed. One 103
MVAr (Czechoslovakia) and one 52 MVAr (Austria).

Between the transformers and the a.c. bus bar
high frequency (PLC) filters are installed.



References:

§b

The thvristor valves are housed indoor and they
are designed as guadruple valves, i.e. three
guadrouple valves form a 12 pulse converter
unit. The wvalves are water cooled and air
insulated. Each gquadruple valve has 4 valve
sections in series connection. One valve section
has 4 modules, each with 11 series connected
thyristors giving the total of 44 thyristors in
series connection per valve arm and ncne in
parallel. This makes 176 thyristors in one
quadruple valve or 528 thyristors in one 12
pulse converter unit for 145 kV d.c. and 3790 A.

The d.c. reactor is designed for 85 mH at 3790 A
and placed between the two 12 pulse converter
units.

Cigré 1982, paper 14-03:

Design and testing of thyristor wvalves and their
components for the HVDC back-to-back link
Duernrohr in Austria.

G. Thiele, H. R&tting, K.H. Weck.

Cigré 1984, paper 14-01:

Commigsioning and system tests for the HVDC
back-to-back tie Duernrohr/Austria

by: K.W. Kanngiesser, G. Moraw and D. Pouh.
Cigré 1984, paper 14-07:

Type testing of thyristor modules for Duern-rohr
HVDC back-to-back link in Austria

by: G. Thiele and L. Vukasovic
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Between:

Power Co.':

Manufactucrer:

Commissioned:

Main purpose:

Main data:

A.C. networks:

2]

The Gotland ITI HVDC scheme.

The Swedish mainland and the isle of Gotland

The Swedish State Power Board, Stockholm
ASEA, Sweden
November 1983

Electricity supply toe the island for com-
pensating the local, oilfired electricity
production on the island. In the future the
local eletricity production and the old HVDC
scheme, "Gotland I" (1954) will serve only as

spare capaclity.

Monopole: 130 MW at 150 kV d.¢. and 910 A.
Eacrth return with the anode station situated

on the mainland side.

Overload Capacity: 160 MW at temperatures
below 0°C.

At both terminals, two 3-phase converter
transformers are used per 12 pulse converter
unic.

Six pulse operation is possible if one of the
transformers is out of service. For this pur-
pose 5.- and 7. harm. filters are installed,
but during normal 12 pulse operation they can

be connected as shunt capacitor banks.



HVDC System:

U

Transformer dacta:

Mainland: 78.6 MVA, 135 kV + 12.5/61 kV

The two transformers are con

nected to the 130 kV a.c. system
Short circuit capacity: min.1650 Mva
Island: 77 MVA, 77 KV +15%/-10%/59.8 kV

The two transformers are con-

nected to the 70 kV a.c. system

To improve the short circuit capacity a
70 MVAr synchronous condenser is installed and

connected to the 70 kV busbar.
Short circuit capacity: min.550 MVA

The connections between the converter trans-—
formers and valve buildings, are both term-

inals designed as SF6 insulated busbars.

Route length: 103 km.

On the mainland side an overhead line of 7 km

is used.

The submacine cable ist the solid type with

oilimpregnated paper insulation.



Electrodes:

D.

C.

filters:

HVDC valves:

A.

cC.

Filters:

21

Conductor: B0Q mm2 Cu.

Length: 96 km incl. 1 km land cable on

the 1island.

The cable has a single layer of steel armour-

ing of 42 x 5 mm.

The electrode stations, are situated at the
shores on both sides. They are designed as sea
electrodes, and at the mainland side they are

placed behind a breakweater.

are provided at the mainland for eliminating
telephone interference. They are tuned for the

6. ~ 12. -~ and 18. harmonics.

The valves installed are water cooled thyr-
istor valves designed in a suspended valve
structure with quadruple valves.

Each valve arm consists of 36 series connected
thyristors with 75 mm active silicone part,
and arranged in 3 modules each with 12 thyr-
istors. This makes a total of 144 thyristors
per quadruple valve or 432 per 12 pulse con-
verter unit for 150 kV d.c. and 910 A.

The d.c. reactors are equal at each terminal,
and they are piaced on the high voltage side,

designed for 0.615 H at 910 A.

Harmonic filters are provided at each terminal



Viadstervik:

Harm. MVAL C=ufF L=mH R=ohm
5. 15.56 2.617 158.4 2.386
7. 17.5 2.99 69.2 1.33

When connected

as a shunt capacitor

the total = 32.1 MVAL

11. 8.7 1.495 56.0 1.07

13. 8.6 1.495 40.1 0.91

HP 18 3.14 5.6 196

Ygne:

Harm. MVAL C=uF " L=mH R=ohm
5. 6.8 - 3.694 109.7 1.87
7. 8.7 4.831 42.8 0.92
When connected as a shunt capacitor
the total = 15 MVArL

11. 4 2.243 37.3 .89

13. 4 2.243 26.7 Q.75

HP 10.1 5.709 3.1 93

References: Cigré 1984 - paper 14-065:

Development and testing of new generation of
HVDC control system

by: A. Kroon and B. Normark.
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Between:

Owners:

Manufacturer:

Commission date:

Main purpose:

Main data:

AC networks:

28

Eddy County

This back-to-back tie connects the eastern and
western electric grids in Eddy County in south-
eastern New Mexico. The location is 9 1/2 miles
east from Artesia.

The Eddy County tie is a joint venture of El
Paso Electric Co (EPE)}, Texas-New Mexico Power
Co. (TNP) and Southwestern Public Service Co
(SPS).

General Electric Co.: major portions

SPS: overall project management, substadion
switchgard design, civil and mechanical
design

December 1983

Energy transport from SPS coal fired energy to
EPE and TNP

200 MW
B2 kV back to back system

Voltage: east side 230 kv

west side 345 kV

Converter transformer:

east bus: 273 MVA rating
voltage: 230/35,4 kv

west bus: 273 MVA rating

voltage: 345/35,4 kV

A spare transformer for each side is available.

AC filters and capacitor banks:

HVDC plant:

east bus: 2 x 30 MVAr high pass filters
2 x 30 MVAr capacitors
west bus: 2 high pass filters

2 sixpulse converter bridges produce 12 pulse DC

Number of thyristors: 576

Valve: consisting of 24 groups

Group: two parallel thyristors (24 voltage level
at each wvalve)

Nominal current/thyristor: 1600 A



Valve cooling:

References:

A

The valve ccoling system consists of two closed
loops and an evaporative-assisted cutdoor
cooler. The heat from the air is moved from the
lower plenum heat exchangers by means of a
pumped water-glycol loop to the heat-exchanger
in the outdoor evaporative cooler.

A specizl valve cooling control (VCC) is
erected.

Electrical World, 1984 May:

HVDC ties East and West networks

by Billie L. Mellendon, P.F., Transmission and
Distribution Design Dept. Scuthwestern Public
Service Co.
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Between:

Power Co.:

Manufacturer:

Commissioned:

Bipole 1.

Bipole 2.

Main purpose:

Mailn data:

pod

29

The ITAIPU HVDC scheme.,

Foz do Iguagu at the border of Brazil and

Paraguay to Sao Paulo, Brazil
Furnas Centrais Elétricas S.A. Brazil

ASEA Promon HVDC consortium, formed by ASEA
Sweden, ASEA Elétricas Ltda, Brazil and Promon

Engenharia S.A. Brazil

l.stage: + 300 kV., 1575 MW at July of 1984

2.stage: + 300 kV 2362,5 MW at April of 1985
- 600 kV ‘

3.stage: + 600 kV, 3150 MW at May of 1984

4.stage: + 300 kV, 1575 MW to be commis-

5.stadge: + 300 KV, 2362,5 MW sioned at the
- 600 kV same time by

6.stage: + 600 kV, 3150 MW February, 1987

Bulk power supply from the great Hydro Power
station (12600 MW) at Foz do Iguago to the Sdo
Paulo industrial area. The power is generated
by 18 hydro generators, nine of them are
designed for 60 Hz with a capacity of 76% MVA,
P.F. = 0,95 and the other nine are designed
for 50 Hz with a capacity of 823 MVA, P.F. =
C.85 supplying the HVDC system.

The HVDC system consists of two bipolar trans-
mission systems, each one designed for 3150 MW
at + 600 kV d.c. and 2625 A.



overload capacity: 5 seg. -———-~c——o- 3260 Amp.

A.C. networks: 24 single phase - three winding conver:ter

transformers are used at each terminals which
means three transformers/12 pulse unit,

forming four converter per Bipole.

Foz do0 Iquacu: 50 Hz, 314 MVA
500/f§1KV+20 x 1.25 % kv
- 6

min. short circuit capacity: 16373 MVA

Sac Rogue: 60 Hz, 300 MVA
345/(§1kV+20 x 1,25 % kv
- 5
min. short circuit capacity: 7800 MVA (light
road)
Svynchconous
Compensator: Sao _Rogue - 4 x 330 MVAr
AC filters: Harmonic filters are provided at 50 Hz and
60 Hz side. Shunt capacitor bank only at 60 Hz
side
50 Hz Side - FOZ DO IGUACU
AC FILTERS
TYPE l HARMONIC MVATL UNITS TOTAL
1 39/59,11%/13°  HP1A,HP1B 349.0 2 698.0
2 1119/139. HP2 280.13 3 840.0

%0



29

T Y P E - T Y P E 2z
compon. [3%/5° 19/13° HP1A HP1B 119/13° HP 2
Cl(w F)|0.814 |1.691 0.916 0.929 |1.691 1.858
{
Ll(mH) |830.0 ,41.95 19.85 7.715 |41.95 9.41
C2(4 Fy|2.986 !19.15 - - 49.15 -
Lz/gu) 226.6 .14 - - 1.44 -
R(ohms)|2930.0 o.a44 1060.0 |305.0 |0.444 170.0
MVAR 70 34,3 72 72.7 134.3 146.0
50 Hz Side - SAQ ROQUE
AC FILTERS
HARMON - MVAR UNITS TOTAL
11.9 1:° 220.8 3 662.4
119, 13%, 195° 279.8 1 279.8
39/59, =p2 296.0 1 296.0
HP1 237.0 4 948.0
HP2 296.3 1 296.3
COMPON . 19/5° 11° 13° HP1 HP2
CL( F) 1.160 2.417 2.468 5.273 6.591
L1(mH) 405.0 24 .06 16.87 2.318 2.318
R(ohms) 2500 3990 1300 46.76 46.76
C2(p F) 4.281 - - _ _
L2 (mH) 110.1 - - - -
MVAR 59.0 109 .4 111.4 237.0 296.3
Shunt capaciitor bank: 2 x 294,0 MVAR. 6,45/4F



HVDC Svsten Routs leagth: Bipole 1 (Scuth Line): 7%46.5 xn
Bipole 2 (North Line): 818 km
Qverhead lines Conductors: 4 x 689 mm2 ACSR (1272 MCM)
Shielding: 7 strand, galvanized steel wire
(9.5mm)
Line towers: 23 % are selfsupported and
77 % are guyed lattice steel
structures
The two bipolar line systems are separated 10 km from each
other as a minimum.
Electrodes: The electrode switching houses are situated
far from the stations:
Foz do Iquacu: Bipole 1: 15,5 km
Bipole 2: 16 km
San Rogue: Bipole 1: 67,2 km
Bipole 2: 66 km
2
conductors type: Z X 689 mm , 1272 MCM
D.C. Filters:
TUNING
BANK CAPA- |FREQUENCY|CH L1l R1 Cl LH
STATION | BRANCEL CITANCEgﬂF) (HZ) QAF) {mH} {ohms ) QVF) {(mH)
Foz do |2%/6° | 0.533 1007300 [0.5 |2111.0(|23.0 |0.533 |1267.0
Tguacu )50 0.715 600 1.285| - 1.32  |0.715 |35.04
HP 1.570 1200 1.01l0 - 660.0 - 17.42
S.Roque [27/67 | 0.s58 120/360 ]0.523[1401.0(18.0 [0.5579]841.0
12° 0.878 720 o.828| - 1.29 |0.8753(28.42
HP 1.570 1440 1.570 - 210.0 - 7.78

v



e

HVDC Valves:

29

The Italpu HVDC System uses thyristor valves,
indoor type, water cooled and isolated by air.
Mechanlically., the valves are built up as
gquadruple - valves {orming a convertor. One
single valve.- is made up of 8 thyristor modules
series connected, containing 12 thyristors

with voltage dividers and control circuits.
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The Chéateauguay scheme

hack to back tie

Queébec

Bouchervilie

Chénier

QOntario
Hertel

U.S.A.

Massena

Geographic map
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Between:

Power comp.:

Manufacturer:

Commissioned:

Main purpose:

Main data:

AC Network:

AC filters:

315 kV side

The Chateauguay scheme

(back-to-back tie)

Canada and USA.

Network of Hydro Quebec Canada und the neigh-
bouring network of the Power Authority of New

York (NYPA).

Hydro Quebec Canada
Power Authority of New York.

BBC (prime contractor)
BBC, Siemens (major supplier)

start: October 1983
commercial operation: June 1984

30

To transmit surplus power generated in the
large hydro-power plants in northern Quebec

{James Bay)

Rated power: 2 x 500 MW units at 40° C
600 MW at 0° C

Overload

VDC: 140,6 kv
I"": 3600 A

DC

Transformers:

Rating: 6 x 203 MVA, single phase
3 windings

Connections: wye/wye - delta

Voltage: 120/60/60 kV U.S5. side
315/60/60 kV H.Q. side

Tape-changer: + 12 % + 6 %/- 5 %

one spare transformer

Harm. MVATr C =/¢F L = mH
11 51 1.35 43
13 36,5 0.96 43

26 75,5 2.01 6,05

500



120 kV side

]

High freguency (20 kHz)} PLC filters:

Canacitor banks:

Static compensators:

Harm, MVACr C = oF L = md R= Chm
3/5 20 3,37/12,62 37,1/134,3 4,25
11 34,53 6,3 4,5 -
13 24,7 g, 2 G,2 -
26 8,88 16,36 0,637 45

Voltage: 120 kv 315 kv
Inductance: 1,0 mH 3,0 mH
Capacitance: 0,6 F 0,2 F

Number of steps: 2 2

Rating: 1 x 150 Mvar
Voltage: 313 kv
Number: 2

BEVDC system:

HVDC wvalves:

Tye: thyristor-controlled reactore (TCR) and
thyristor-switched capacitor (TSC)

60 Mvar ind.
75 Mvar cap.

Individual rating:

Transformers:
Voltage:

3 phase,
120 kV primary
12,45 secondary

3 winding; 201 MvaA

No. of vales: 6 guadruple

No. of modules/valve: 4

rated current: 5000 A

Blocking voltage: 4,5 kV

Diameter: 100 mm

Each of the wvalve halls contains 2 12-pulse
converter groups separated by a service aisle

The 12-pulse converter groups are intercon-
nected by a d.c. link on the low voltage side
via air-cooled, air-insulated smoothing
reactors located outside the building. The
315 kV sides are directly ccocnnected in the
valves hall.

The wvalves are of fully modular structure of
a design similar to that used in the Nelson
River Bipole 2 transmission system and the
Austrian back-to-back tie. The wvalve
structures are elevated by approximately

2 meters above the valve hall floor, thus



e

30

making it possible to place the cabinets of
the valve base electronics directly under-
neath the valve towers.

Handling of the current without paralilel
connection of units.

Cocoling system: The valves are water-cooled. A two circuit
system is used:

a) deionisized water for the primary valve

cooling.

b) glycol-water mixture for the secondary

circuit.

Smocthing reactor: outdoor, dry type

4 x 9 mH in
BIL: 150 kv

References:

series

BBC publication No.: CH-N 22.003.2 E
CH-N 026 881 E

Aspects regarding the layout of
Cantons HVDC converter stations
Allaire

IEEE Power Engineering Society:

Chateauguay, Madawaska and Des
by Claude burand, Jacgues F.

10th Conference and Exposition on

overhead and Underground Transmission and Distribution; Sept.

14-19, 1986
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The Highgate Converter Station

Between:

Power Co.:

Manufacturer:

Commissioned:

Main purpose:

Main data:

AC networks:

Transformers:

Freguency:

Short circuit ratio:

The Highgate Converter Station is a back to
back interconnection between Hydro Quebec and
Vermont Electric Power Co. VELCO.

Hydro Quebec
Vermont Electric Power Co. VELCO.

ASEA Sweden

September 19885

Project to import between 150 and 200 MW from
Hydro Quebec to compensate the loss of power

caused by the shut down of the Vermont Yankee
nuclear plant.

Rated power: 200 MW
Overload (continous up to + 30°C) 12,5 %

Direct voltage: 56 kv
Direct current: 3600 A

12 pulse bridge

Both converter transformers are of identical
design. They are three phase transformers
rated at 240 MVA.

Vermont-side: 115 kV/23,3/23,3 one delita
connectad

H-Q.-side: 120 kv/23,3/23,3 and one wye
connected

A spare transformer is located at side

Vermont-side: 60 Hz
H-Q.-side: 60 Hz

R34

Vermont-side:
Short circuit capacity min: 500 MVA
ESCR = 1.6 to L.8

H-Q.-side:
Short circuit capacity min: 500 MVA
ESCR = 1.6 to 1.8



A.C. Filters: Vermont:
11th/13th harmonics: 2 x 20 MVAr
3rd/27th harmonics: 10 MVATr
25th harmconics: 20 MVAr
Quebec:
11th/13th harmonics: 2 x 22 MVAr
3rd/27th harmonics: 11l MVAr
25th harmonics: 21 MVAr

Shunt capacitor banks:

x 10 MVAr

Vermont-side: 1
3 x 20 MVAr

H-Q.-side: 1l x 11 MVAr
3 x 22 MVArT
HVDC wvalwves: Thyristor wvalves arranged in double gquadruple

configuration i.e. each hanging valve structure
contains eight thyristor wvalves..

Reference:

ASEA Pamphlet AQ0Z-0010 E-NL

Layout of Highgate HVDC Converter Station by G. Stensrud,
I. Vancers

IEEE Power Engineering Society
10th Conference and Exposition on Overhead and Underground
Transmission and Distribution, Sept. 14-19th, 1986



OKklahoma

SWPP

Oklaunion
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The Oklaunion HVDC Converter Station

Between: The ac systems of (Public Service Company of
Oklahoma: PSO) and (West Texas Utilities
Company: WTU) 17 miles south of the Red River
which divides Oklahoma and Texas.

Power Co: Operated and maintained by WTU

Manufacturer: General Electric Company

Commissioned: December 14, 1984

Main purpose: A back to back unit which connects the Southwest

power pool (SWPP) to the Electric Reliability
Council Commission of Texas (ERCOT). Converter
enables sister companies, each of which are in
different asynchronous power pools, *o exchange
energy through economic dispatch.

Main data: One pole 200 MW
Overload capacity
1.1 pu {continuously)
1.25 pu {1 hour)

A.C. networks: North Side
(PSO) Two major lines into (SWPP)
Voltage 345 KV
Transformer One 3 phase
345/35.4 + KV 17 taps

South Side

(WTU) Two major lines and power plant into
( ERCOT)

Voltage 345 KV

Transformers One 3 phase

345/35.4 + KV 17 taps

HVDC System: Rated Power 200 MW
Overload 220 MW (cont.)
250 MW (1 hour)

Direct Voltage 82 KV

Direct Current 2476 A

12 pulse bridge

HVDC Valves: Each of the 12 valves on the North (SWPP) and
the South (ERCOT) are contained in the wvalve
hall. Two 77 mm SCRs in parallel make up a
voltage level. There are eight series voltage
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A.C, filters:

References:

levels per 1000 Lb module. Three modules
connected in series or 24 voltage levels
comprise a valve. The valve hall contains a
total of 1152 air cooled SCRs.

North Side {PSQ)
(2) 30 MVAR 11th + 13th high pass filters
(1) 30 MVAR shunt bank

South Side (WTU)
(2) 30 MVAR 1lth + 13th high pass filters

(1) 30 MVAR HVDC controlled reactor in Scuth
AC switch vyard.

Texas HVDC Interconnections by E. Kolodzie],
N.G. Hingorani

IEEE/PES Ninth Conference ang Exposition on
Overhead and Underground Transmission and
Distribution; April 29 - May 4, 1984

Layout Consideration for the Oklaunion HVDC Tie
by E. Kolodziej, N.G. Hingorani

IEEE Power Engineering Society, Tenth Conference
and Exposition on Overhead and Underground
Transmission and Distribution, September 14-19,
1986
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Between:

Power Co.:

Manufacturer:

Commissioned:

Main purpose:

Main Data:

A.C. Networks:

34

The Blackwater HVDC Converter Station

The ac system of New Mexico (Public Service
Company of New Mexico:; PNM and Texas Scuth-
western Public Service Company, SPS) near
Clovis/New Mexico

Public Service Company of New Mexico (PNM)
BBC Brown Boveri
January 1, 1985

The converter Station is designed as a back-to-
back HVDC interconnection between the two
asynchronuous systems of New Mexico and Texas
for power transfer in either direction. The main
power direction is from New Mexico to Texas.

One pole, 200 MW, 3600 a d.c.
Overload capacity (continuously):
1.10 p.u. maximal allowed

The HVDC converter structure is connected to
PNM's electrical system by a single 345 kV
transmission line (216 miles) ocut of a switch-
ing station located close to Albugquerque. This
substation is fed from San Juan Generating
Station. On the other side the station is con-~
nected through a 230 kV tie to the SPS system.

At both sides single phase converter trans-
former units are used, each unit with two

-secondary windings connected to the converter

valves and a tertiary winding for connecting the
a.c. filters and shunt reactors.

PNM side : 81.3 MVA, 345 +/- 7% /24/24/60 kV

SPS side : 73 MVA, 230 +/- 7% /24/24/60 kV

Identical a.c. filter circuits are installed on
both sides of the interconnection:

2 tuned filters (1lth harmonics)

2 tuned filters (13th harmonics)

2 high pass filters

Two shunt reactors are provided on the PNM side.
Required ac voltage/reactive power control
transiently as well as in the steady state is
performed by utilizing the VAr-capability of the
HVDC converters and by switching of filter
circuits and shunt reactors.



HVDC System:

HVDC valves:

References:

Jo

Due to the station design (back-to-back) there
15 no d.c.transmission line.

The smoothing reactors (spare unit connected in
the d.c. circuit) of 0.02 H each are located on
the high voltage side.

d.c. filters:
No d.c. filters are installed

Each converter group (rectifier, inverter)
consists of two six pulse units connected in
series.

The groups are made up of twelve single thyri-
stor valves each. Each valve consists of 19
series connected thyristor levels.

The valves are air insulated and water cooled.

The design and construction of a back-to-back
HVDC converter station by Gene Wolf

IEEE Power Engineering Society, 10th Conference
and Exposition on Overhead and Underground
Transmission and Distribution; Sept.14-19, 1986
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The Miles City Converter Station {MCCS)

Between: Asynchronous tie connection between east and
west United-States-Canadian AC transmission
networks

Power Co: Western Area Power administration

Manufacturer: General Electric Company Usa

Comissioned: June 1985

Main purpose: The main purpose of the station is to restore

power transfer capability across the Federal
system and provide a path of transfer from
energy from less expensive generation on one
side to the loads of the other side of the
east/west boundary.

Main data for

the HVDC plant: Rated Power (MW) ... oo i i oo oo 200
Voltage (kVDC) ... enn.. 82
Current (amperes)
MINIMUM &4 h i et et et e e e s es s 248
MAXIMUM & ot e e e e e h e enenmessna 3 085
NOTXMALl ... it s ettt et s eenen 2 476

Main data of the ac networks:

East West
Bus voltage nominal 230 kv 230 kv
Frequency (asynchronous) 60 Hz 60 Hz

Converter transformers:

The MCCS converter transformers are three-phase three
winding units with the secondary delta and wye windings
internally connected. A spare three-phase converter
transformer unit is readily available to replace either
of the on-line units if necessary.

Rating (MVA)

DLIMABTY v st ettt it scnacmsanaaans 239

delta ..ttt ittt 119.,5

WYE ettt 119,5
voltage (kV)

Drimary ... e it e e e 230

delta @ . e 34.13

WYE ittt 34.13



Mt

Load tap changer
TANge L.t mmnnann. +12.5% to -5.7%
steps ... il 32

Reactive compensation

The shunt capacitors for the MCCS are arranged in 15- and
8-MVAR banks and switched by interrupter switches with
preinsertion resistors. Four 15- and one 8-MVAR shunt
capacitor banks are utilized on the east 230-kV bus, and
two 15- and one 8-MVAR shunt capacitor banks ara located
on the west 230-kV bus. The shunt capacitor banks are
equipped with grounding switches. fault detection, and
three-stage cpacitor failure detection system.

The ac harmonic filters provide 75-MVAR of the reactive
requirements on each side of the station.

Short circuit ratio:

The weak ac system at Miles City (550-MVA eastside and
450-MVA westside) required the use of special equipment
and control features to meet all operating requirements
for east-to-west and west-to-east power transfer,

SCR = %%% = 2,75 for side east
~ 450 = 225 for side west
SCR = 200

AC Harmonic Filters

The ac harmonic filters for the MCCS are comprised of four
double-tuned and two high-pass filters on each of the east and
west side 230-kV systems. The filters for each side are identical
and tuned to approximately the 3rd and 11th, 5th and 13th, 7th
and 23rd, 25th and 47th, high~pass 18th and high-pass 36th ac
harmonics with a 60-Hertz (Hz) total reactive rating of 75 MVAR
leading (capactive) on each side.

AC HARMONIC FILTER

CHARACTERISTICS
DESIGNATION VALUE HARMONIC 60 HZ MVAR
PV62A, PV8ia 0.841 wuF 3/11 17
KV62A, Kv81la 73.2 mH
PV62C, PV81C 4.235 uF
PV62D, PV81D 4.235 uF

KV62C, Kv81C 83.8 mH
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-3 -
PV628, PVBI1B 0.408 uF 7/23 8
KV62B, KVB1B 42.7 mH

PVE2E, PVBLE 0.623 uF

PV62F, PVBIF 0.623 uF

Kve2D, KvV81lD 83.8 mH

PV61A, PVB2A 0.789 uF 5/13 16
KV61A, KV82A 59.6 mH

PV61C, PV82C 2.662 uF

PVE1D, PV82D 2.662 pF

KV61B, KV82B 42.7 mH

PV61B, PV82B 0.469 pF HP18 9
KV61C, XV82C 55.1 mH

RV61A, RVB2A 738 ohms

PV63A, PVB3A 0.590 pF 25/47 12
KV63A, KV83A 8.10 mH

PV63C, PVB3C 0.866 uF

PV63D, PVB3D 0.866 pF

KV63B, KVB3B 4.06 mH

PV63B, PVB3B 0.631 uF HP36 13
KV63C, KV83C 8.10 mH

RV63A, RVB83A 738 ohms

Thyristor valves, cooling system:

The MCCS utilizes a 12-pulse rectifier and inverter arrangement
of indoor multiple valve units (MVU) with air insulation and
cooling. The MVU assemblies and dc instrumentation are arranged
in the building valve hall. The valves are cooled by a forced air
primary cooling loop which transfers heat from the valve
assamblies to a secondary cooling lcocop employing a water-glycol
solution. The secondary loop transfers heat to the atmosphere via
outdoor evaporative coolers.

Smoothing reactor:

The MCCS smoothing reactor is an iron core oilinsulated design
located in the high-voltage dc connection between the rectifier
and inverter. The outdoor smoothing reactor is located adjacent
to the side of the valve hall and has dry-type bushings extending
into the building. A spare smoothing reactor is stored at the
converter station site and is readily available if necessary.
Inductance L = 74 mH

REFERENCES

(1) T.L. Weaver, L.M. Greiner, and R.K. Johnson,
"Miles City DC Tie-Purpose and Need, "
IEEE 85 THO122-2 PWR.

Ao



{2)

(3}

T.L. Weaver, L.M. Greiner, and R.K.Johnson,
"Observations on Low Short Circuit Capacity
Staticons - Miles City and Sidney, "
presented at IEEE Winter Power Conference,
February 1985.

R.D. Doherty, R.K. Johnson, S$S.F. Schweitzer, and

T.L.Weaver, "Miles City Converter Station-Early Operating
Experience,”
CIGRE paper, 14-03, 1986.
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Between:
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Madawaska

Network of Hydro Quebec and New Brunswick

Power Co: Hydro-Quebec

Manufacturer: Canadian General Electric Company
Comissioned: 1985

Main purpose: Supply of local load located in New Brunswick

Main data for

the HVDC plant: Rated Power ................ 350 MW 40°C
Overload .........couiiinvnn. 435 MW -10°C
Current dc (rated) ........ 2700 A
DC-Voltage ...... e aeaaaa 130,5 kv

AC Networks:

Transformers: single phase, 3 windings
6 x 134,2 MVA
wye/wye - dalta

Voltage: 315/55/55 (HQ side)
345/55/55 (NB side)
On lcad tap changer: + 6 %

Short circuit ratio:

About 3 at an overload capacity of 120 %
Short-circuit level .............. 31,5 ha

Harmonic Filters

315 kV side (212,1 Mvar)

Harmonic number: ............ 12 24
Rating ...veiiiniiiinnnnnnn 3 x 40,6 3 x 30,1
345 kv side (221,8 Mvar)

Harmonic number: ............ 12 24
Rating ....... ... 2 x 55,6 2 x 55,3

Shunt Reactors:

2 three-phase-55 Mvar 345 kV units

HVDC-System:

HVDC Valves: Number: 6 guadruple
Modules/value: 6
Thyristors/module: 16
Number of thyristors: 2304



Cooling system:

primary: air
secondary: water, glycol

Smoothing reactor:

2 x 50 mH
2500 A
Qil filled

REFERENCES

Aspects regarding the layout of Chateauguay, Madawaska and Des
Cantons HVDC converter stations by Claude Durand, Jacques Allaire

IEEE, 10'" conference and exposition on overhead and under-
ground transmission and distribution, 1986
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The Sidney Converter Station (SCS)

Between:

Power Co:

Manufacturer:

Commissioned:

Main purpose:

The back-to-back Sidney Converter Station
(8CS) is installed at Sidney, Nebraska,
between the eastern and western United States
power grids.

Western Area Power Administration

SIEMENS

Energy transfer in the either east west or
west east direction between the two large
power grids, which are operated

asynchronously.
Main data for
tthe HVDC plant: Rated Power (MW) ... .ot imnmann 200 Mw
Voltage ... .iciicneennnsannsnss 50 kvDC
Current
MINIMUM &t e vt m e e e e e eeeeeeas 414 A
nominal .......... ¢, 4 140 A
MaXImMuUm ...t i it ittt e nnn s 6 000 A
Valve Arrangement ............. 12 pulse
Main data of the AC networks:
East West
Bus wvoltage 230 kv 230 kv
Frequency 60 Hz 60 Hz
Transformers:

Single-phase three winding units, externally connected
delta and wye

Rating (MVA)

PriMaAry «ceeeuessassanrsaasssees 90

delta secondary ....veceeuiuucana 45

Wye SeCONdary ......evesneeasnes 45
Voltage (kV)

Primary ......ceiuievaasecaennas 230

SECONAATY o v cv v vesnenssvananeen 21



On load tap changer
TANGE®  ctiirinnneaonn. +28% to -17%
Steps . i e 35
Reserve: One spare single phase converters transformer

Short circuit ratio:

East SCRr West SCR

Short-Circuit Capacity (MVA)
minimum .............. 700 3,5 450 2,25
maximum .......00.0... 2200 11 1075 5,38

AC - Filters

Two double-tuned filters on each side
Reactive supply rating (capacitive) 105 MVAR

AC HARMONIC FILTER

CHARACTERISTICS
DESIGNATION VALUE HARMONIC 60 HZ MVAR
PV5A, PV6A 2,23 uF 24/35 44
KVSA, KV6A 4.16 mH
PV5A, RV6A 315 chms
PV5B, PV6B 14.17 uF
KVSB, KV6B .54 mH
RV5B, RV6B 65 ohms
PV5C, PV6&C 2.97 uF 3/12 61
KVS5C, KV6C 17.03 mH
PV5C, RV6C 680 ohms
PV5D, PV6D 74.10 uF
KV5D, KV6D 10.21 mH
RVSD, RV6D 50 ohms

Reactive Compensation

Reactive compensation is provided by shunt capacitors switched to
the 230 kV bus and shunt reactors.

West East
shunt capacitor: 3 x 35 MVAR (1 x 35 MVAR
shunt reactors: 1 x 35 MVAR |2 x 35 MVAR

{ three phase units)
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HVDC Valwves:

12 pulse rectifier and inverter arrangement of indoor multiple
valve units (MVU) with air insulation

MVU: Number of wvalves 6
Thyristors valve: Thyristors per wvalve: 20

Redundancy level: 1

Cooling System:

The valve cooling system incorporates a deionized water cooling
loop and heat exchangers where heat is transferred to an outdcor
cooling network using water glycol mixture and evaporative
cooling towers.

Smoothing reactor:

Dry type air core design; 2x15 mH sections vertically stacked

Spare: one smoothing reactor
Inductance: 30 mH
Type core: air
insulation: air
REFERENCES

Layout of the Sidney converter station by Torgerson,
Weaver;

IEEE 10" conference and exposition on overhead and
underground transmission and distribution (September
1986) )
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Between:

Manufacturers:

Commissioned:

Main purpose:

Main data:

Al

C.

Networks:

38

2000 MW CROSS CHANNEL LINK (2)

SELLINDGE (Kent) - UNITED KINGDOM
gggNINGUES LES CALAIS - FRANCE (name of the
substation: Les Mandarins).

SELLINDGE

Main plant and 400 kV substation -GEC

Converter Transformers, 400 kV filter
disconnectors and DC disconnectors - NEI

DC Reactors - Hawker Siddeley

LES MANDARINS

CGEE-ALSTHOM and ALSTHOM-ATLANTIQUE as main
contractors (FRANCE).

First stage: 500 MW March 1985
First bipole: 1000 MW September 1986
Second bipole: 1000 MW October 1986

Energy trading between the CEGB and EDF systems
by exploitation of the different daily load
curves and generating plant mix (different
percentages of a nuclear plant, very little
hydro generation in the CEGB)

Two bipoles, 1000 MW each at + 270 kV and 1852 A
per pole. When one converter pole is
unavailable, cable return is possible. Overload
capacity: none.

SELLINDGE

The converter station is connected into the 400
kV double circuit line between Canterbury and
Dungeness by means of a fifteen switch, double
busbar, 400 kV sulphur hexaflouride insulated
substation. Two three-phase transformers per
pole feed a twelve pulse bridge.

One transformer is YNy0 and the other is ¥YNdll,
both being rated at 315 MVA, 400 + 23%-9% / 117
kV. A spare transformer of each type is
available on site.

The minimum short circuit capacity which would
normally be expected is 4800 MVA.
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HVDC System:

D.C. filters:

HVDC walves:

LES MANDARINS

Three single phase transformers per pole with
two secondary windings feed a twelve pulse
bridge. The rating of the transformers are:

206/103/103 MvA 400 + 10 $%/118/118/ 3 kv

The winding of the 400 kV side is star connected
whilst the windings on the valve side are either
star connected or delta connected depending on
their position. One spare transformer is held on
site. The minimum short circuit capacity
normally expected is 3800 MVA.

Mean route length: 70 km.

Land cables Total length 25 km (18,5 km in
England, 6.35 in France).

Both French and English land cables, of which
there are eight, are of the o0il filled
impregnated paper type. In France the cables of
the two bipoles are installed in two different
trenches. A single copper conductor type is used
on Bipole 1 with a conventional stranded wire
conductor with central o0il channel for Bipole 2.
The copper cross section in both cases is

900 m’.

In England the cables of each bipole are of
different manufacture and are laid in separate
routes, both being of 800°m copper cross
section.

Submarine cables (length 46 km)

The cables of the mass impregnated paper type
{solid type) and are laid in pairs along four
separate routes spaced about 1 km apart. The
cables are embedded for their total length in a
1.5 m deep trench. The copper cross section for
both English and French cables is 900° m.

No special D.C. filters are used.

Air cooled and insulated thyristor valves are
used in both terminals.

SELLINDGE

Each pole comprises a twelve pulse converter of
three quadrivalves (a vertical stack of four
valves), in separate valve halls. Each valve is
made up of 125 modules, with two thyristors in
parallel, all connected in series.



A.C.Filters:
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The rating is 270 kV at 1903 Amperes. There is
one d.c. reactor of 350 mH per pole rated at +
270 kv and 1903 Amperes. -

LES MANDARINS

Each pole consists of a twelve pulse converter
unit. The twelve valves of a pole are housed in
three indoor valve structures. Each valve is
composed of twelve modules in series connection.
Each module has eight thyristors levels in
series and each level has two thyristors in
parallel connection in order to reduce +he
losses.

The converter unit is rated for 270 kV and 1852
A. One d.c. reactor is connected at the high
voltage side of the converter. It is rated for
270 kv d.c. and 370 mH at 1852 A.

SELLINDGE

The filters are connected at 400 kV and
individually switched by sulphur hexaflouride
insulated current breaker designed for outdoor
use. The total installation is 1040 MVAR divided
between eight filters of 130 MVAR each. Each
bipole set of four filters consists of two "C*
type which are tunded to approximately the third
harmonic, and two second order damped, tuned to
approximately the eleventh harmonic.

2.§ﬁ¢F'35.4mH 214 7
T T

L] t 1 ] 1 r %
* L3 C 1 C 1 CD 1 L ' R ]
L L} 1 1 2 t L} t 1
T ! L T L} L ¥
1 [ [ [) [] [] T
1 3 ] 1 ) L} T T
'C ‘2.6 4F ' 24 uF' '424mH '666 L
T t /u t / 1 ' ' '
1 L} 1] t t L 1
L ] [] [ ] 1 L
¥ L] 1 1 1 L3 T
'2nd order! ' ' '

L ] L) L T

T t r L]




Static Compen-
sators:

LES MANDARINS

Total installed; 1280 MVAR divided in eight
filters of 160 MVAR each. All filters are of the
high-pass damped type. One half is designed for
harmonics 11. and 13. (2nd order filter) and the
other for low-order harmonics (3rd order
filter).

3.25/AF'9.55MF

] 1 L} T L} r
1 1 C 1} C 1 L 1 R T
1 T l L 2 1 ] 1)
1 L t 1] r L]
1 [] [ [) T ]
t t r 1] t 1
' HP2 ' 3.18/¢F' none ' 27.8 mH' 234 ¢
] 1 1 1 L) L}
1 L 1 L] ' L
1 [) 1 t ] ]
T L] ¥ L} T 1]
' HP3 ! ' 74.3 mH' 35
L ] 1 ) ]
L} 1 ' T 1]

Three high speed static compensators of the
saturated reactor type are installed on the
English side; two at Sellindge and one at
Ninfield- Substation.

Each compensator consists of a 157.3 MVAR
saturated reactor connected at 56.6 kV via
400/56.6 kV, 150 MVA, 5.83 % reactance step down
transformer, in series with a 451 F capacitor.

In parallel with the saturated reactor are three
types of filters: an 84 MVAR switched filter
(detuned, 3rd harmonic), 14.7 MVAR unswitched
filter (detuned 3rd harmonic) and a 15.6 MVAR
unswitched filter "C" type filter (2nd
harmonic).
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Between:

Power Co:

Manufacturer:

Commisgsioned:

Main purpose:

Main data:

19

39

The Intermountain Power Project
(1PP)

Adelanto (Los Angeles area) and Intermcuntain
(Utah). This system serves as a link between the
Intermountain Generation Staticon, a 1500 MW coal-
burning power plant and the Southern California
power system.

Los Angeles Department of Water and Power

ASEA/Sweden: primary contractor for both con-
verter stations

Los Angeles Department of Water and Power:
transmission line and ac switching
station

27th March 1986 first stage

Transmission of power to the Los Angeles area
from the Intermountain Generation Station in
Delta/Utah. It is possible to transmit power in
the revers direction with some limitations.

One bipole of two converter poles: 800 MW each,
+ 500 kV dc¢; making the total capacity: 1600 MW

Overload capability: continuous, each pole
1200 MW

Current: 1600 A rated

Overload: 2560 A, 3680 A, short term

POLE
Po{vmﬁ?a)
4

SHORT-TIME FOWER OVERLOAD RATING

20;
*—Pﬂ[f L5 PU.

CONTINUBYS POLE POWER RATING

L5
107 6 QMW /MIN .
a5+ CONTINGOUS OVERLOAD RATING
Fr e A S S A S S S S
0+t 23 4 567839 /OMN
TiIME

Pole Overload Power Capacity



AC~Network: Adelanto converter station (ACS):

Voltage 500 kv
Freguency 60 Hz

Converter transformer:

number: 6/pole; one spare

rating: 305 MVA

single phase, three winding
primary: 500/ 3 +14/-6 1,25 %

2 secondaries: 202/ 3 152,5 MVA
connected in delta and wye

AC filter and reactive power compensation:

Primary: 500 kV
fundamental reactive power of filter: 980 MVAR
fundamental reactive power of capacitor: 310MVAR

'Number | Harm. } MVAR | C=urF | L=mH ' R=ohm |
1 L. 4 I H 1 t
i q 11 L,73 i 0,775 E 71,5 ilSS?O E
! ™ 13 ! 76,3 | 0,81 | 51,4 112600 !
1 1 L 1 1] 1 1
" 3 xJ! 26 1164,3 1 1,74 | 5,97 1 176 !
1 H b4 b 1 1 1

1 1
i (Shunt 0406 1 1,11 i !
: it : : : !

shun

E ! 1112 : i 5920 ! '

\lreactor!

Short circuit ratio:
Minimum short-circuit power: 8500 MVA
Maximum short-circuit power: 35000 MVA

8500

SCR = 1€00

= 5,3

Intermountain converter station:

Voltage 345 kV
Frequency 60 Hz



Converter transformer:

AC filter and reactive power compensation:

Primary: 345 kV
rundamental reactive power of filter: 890

HVDC-plant:

138" |AVERAGE HE[QANHT)

Transmission line

Route length: 489 miles
Overhead line: 2 groundwires

ra’

ILs' LAVERAGE HEtawT)

ty'

—_—

34 . 43 I \ conouCTons

y——

APACING

ROUND FOOTING

t TR,

34’
ICuang

ie” CQUILATERAL

t Number | Harm. | MVAR | C=uF | L=mH } R=ohm
1 b 1 14 ! 1
t 1 T t !
; (1 3 }s83 (132 1oese ' 1300
T 1 1 t L4 f 1
! P11 195,21 1,23 1 47,3 ! 9800
b 1 1 ! 1
T3 x/ ! I3 1 57,9 1,29 | 32,3 T 6335
t
E 24 169,86 1 1,55 | 7,99 T 359
14 ! ! 1 hd 1
: L; 36 y 95,6 11,24 I 4,51 ] 181
: O TIT v : : :
E 2 Ereactor; 84 { E ; 3760
Short circuit ratio:
Minimum short-circuit power: 6500 MVA
Maximum short-circuit power: 2500 MVA
6500 a
SCR = Teoo = 47

2 e o e n o et o b ok et b b d

39

MVAR



In addition to the conventional bipcglar trans-
mission configuration the system can be operatad
in the following speclal modes:

* monopelar ground return

* monopolar metallic return

* reduced pole voltage for operation with

weakened de-line insulation

Adelanto converter station:

Thyristors:

Cooling system:

144 thyristors in series per wvalve
4 wvalves form a gquadruple valve
3 guadruple valves form a l2-pulse group

the thyristors are water cooled

Smoothing reactor:

DC filters:

Electrode:

Rated: 0,3 H

0oil insulated

1600 A dc¢ ncminal

2560 A dc {maximum continuous)
BIL of winding: 1425 kV

BIL of bushing: 1550 kV

2 highpass filters: 24th harmonic and above
3rd/12th harmeonic filters

connected between the 500-dc-line and dc neutral
bus

DC power line carrier filters are installed, too.

Intermountain converter station:




References:
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Planning the layout of an HVDC Converter Station
- A Case Study - The Intermountain Power Pro-
ject's Adelanto Converter Station, by T.S.
Grewal, P.M. Bhakta, N.L. Look

IEEE Power Engineering Society, 10th Conference
and Exposition on overhead and underground trans-
mission and distribution; Sept. 14-19, 1986.

Intermountain Power Project - Design Consider-
ation of A HVDC Transmission System by J.J.
Herrera, P.R. Shackley, C.T. Wu.

IEEE/PES 9th Cofnerence and exposition on over-
head and underground transmission and distrib-
ution, April 29th - May4th, 1984

Preliminary basic schemes for filters in Pacific
Intertie Upgrade Project and IPP HVDC Project by
L-E Jublin ASEA Transmission; Cigre 1984 (WG 14-
03) IWD
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Between:

Operated by:

Manufacturer:

Commissioned:

Main Purpose:

Main Data:

AC Networks:

£0

THE
NEW ENGLAND TO QUEREC
HVDC INTERCONNECTION SCHEME

Phase 1

Monroe, New Hampshire, USA (Comerford Terminal)
and Sherbrooke, Quebec, Canada (Des Cantons
Terminal)

US Portion: New England Electric Transmission,
Concord, N.H.
Canadian Portion: Hydro-Quebec, Montreal, Quebec

General Electric Company and Canadian General
Electric Company

August 1986
New England has contracted to purchase from

Hyro-Quebec 3 million megawatt-hours of surplus
hydroelectric energy per year for 11 years.

Bipole:
o 690 MW at +450 kV.
Monopolar:
s} 345 MW for 15 minutes in earth return
mode

0 345 MW continuously in metallic
return mode

Comerford: Three 167 MVA single phase, three
winding, converter transformers per
pole.

Connected to each of the two VAR

busses are:

4 - 31.5 MVAR shunt-connected
capacitor banks.

2 - 63 MVAR shunt-connected
capacitor banks.

2 - Sets of AC harmcnic filters, each
rated 63 MVAR.

1 - 75 MVA auxiliary transformer
providing the connection for 4 -
19.0 MVAR shunt reactors.

2 - Sets of dynamic overvoltage
devices connected phase-to-



Des Cantons:

rhase and phasa-to-earth,
consisting of multiple metallic
oxide arrester columns.

The converter transformers are
connected to the 230 kV New England
AC system which has a short circuit
ratio of 2.4 with all AC lines
connected and a short circuit ratio
of 1.6 with one AC line out of
service.

Transformers:

6 x 328,2 MVA, single phase, 3 windings
Wye/wye - delta

Voltage: 230/180.7/180.7

On load tap changer: + 12.4 %
- 7,4 %
Harmonic filters:
Total capacity 244,56 MVAR
Harmonic number 3 i1 13 24
Rating 2x13,7 2x30,2 2x29,5 2x48,9

Capacitor banks: 230 kv
Short circuit ratio: 12 with 735 kV line
3,6 without 735 kV line

Length of the overhead DC line: 172 km (total)

HVDC System:

Electrode-
Comerford:

The 77 km d.c. transmission line from the Des
Cantons terminal to the United States border has
steel-lattice towers with 4 1354 kCH ACSR con-
ductors per d.c. pole

Pole spacing: 10 m

Length 0of the overhead DC line from Comerford to
the United States/Canadian border 95 km, steel
H-frame towers with three 5.1 cm diameter ACSR
conductors per pole, two 95 mm steel schield
wires, and a buried counterpoise.

V-string glass insulators with 25 discs per
string, and leakage distance of 2.93 cm/kV.

18.2 km from the terminal in Lisbon, N.H.
Electrode design: Six 70 m deep vertically
configured earth anodes. Total resistance to
true earth is 0.12 ohms. Design will allow
monopolar operation with earth return for

15 minutes.



Des Cantons:

DC Filters-
Comerford:

Des Cantons:

HVDC Valwves-

Comerford:

Des Cantons:

References:

(1}

(2)
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Electrode feeder is 2 - 795 kem aluminium
conductors. Each anode is silicon chromium
steel, in a 30 cm diameter hole back filled with
calcined coke breeze.

The ground electrode was designed taking also
phase 2 into account. It is located at 9 km from
the converter station. It consists of a

600 meters ring buried at 2,75 meters.

Each pole has one sixth harmonic filter and one
twelfth harmonic filter. The filters are
composed of both series and shunt connected
elements.

bipolar operation: double tuned
monopolar operation mode: triple tuned

Air cooled solid-state thyristors are housed
indoors, and are disigned as gquadravalves
forming a l2-pulse converter bridge. Each valve
has 4 valve sections in a series connection.

Valves: Number: 6 gquadruple

Number of modules per valve: 16
Number of thyristors per module: 8
Number of thyristors: 3072
primary: air

secondary: water, glycol

IEEE Power Engineering Society

Ninth Conference and Exposition on Overhead and
Underground Transmission and Distribution -April
29-May 4, 1984, 8BS TH0122-2 PWR

"New England to Province of Quebec HVDC
Transmission Interconnection -Comerford, New
Hampshire to Des Cantons, Quebec" by G.S.
Haralampu - New England Electric System.

IEEE Power Engineering Society _

Tenth Conference and Exposition on Overhead and
Underground Transmission and Distribution.
"Layout of the Comerford HVDC Converter Station"
by D.L. Holt - New England Electric System, and
R. E. Elliott - Chas. T. Main. Inc.

"Aspects regarding the layout of Des Cantons
HVDC Converter Station" by C. Durand, J.F.
Allaire, Hydro-Quebec
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