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fFiz 11 ;i““" I} 15 ’ﬁf jﬁ I V‘] 5 OELEN R Table 1 MUOT, BUOT, VFOT and actual outage duration
FE R A AR OO iR 3 4553 IR of HVDC transmission projects abroad (1999—2002)
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o Square Butte .5 .5 5.
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Channel BP2, W 4 - 2 XU AR 58 38 45 iz K 80 H Hokkaido-Honshu 0.2 1.2 0.2 4.4
0.25 )., T3CHk [11] 48 2 A 19 1989 4F— cU 0.2 5.5 0 3.0
1998 4F [l 4 85 1 7L 9% 0 v T 4F - 34 0 3 A Gotland 2.3 0 220 75
XX*&?%@{%EW\%&%%”% 9.08 Yjﬂ.\ﬂ] 0. 64 Yj'\o Eﬁ—\‘ Cross Channel BP1 2.3 2.7 0 20. 2
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Table 2 MUOT and BUOT of the national HVDC transmission projects(2001—2005)

o ~ 2001 4§ 2002 4F 2003 4E 2004 4 2005 4 2001—2005 4 ¥ fif
LRAR BERN TR mm wm Wm0 W Wl mm W mE W
TR 1990-09 18.0  10.0  11.0 4.0 6.0 3.0 7.0 1.0 3.0 0.0 9.0 3.6
PN 2001-06 20.0 0 10.0 1.0 8.0 0 11.0 0 9.0 1.0 11.6 0.4
Jo BT A 2003-06 — — — — 8.0 0 7.0 0 8.0 0.0 7.7 0
VLR T 2004-06 — — — — — 6.0 1.0 6.0 1.0 6.0 1.0
BT TRE 2004-07 — — — — — 5.0 0 11.0 0 8.0 0

-1y 8.4 1.0

e = IR AR R A S B
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Table 3 Number of forced outages and equivalent outage duration of HVDC transmission projects abroad

ARV L A . hm e i" > 325 UL A rer Al‘ /) -~ ;H\:h ,‘»\‘
TR AT Wi A A8 L L 4 ik e BRI ERB AN R it 598

WH WA/ wE BRI/ REC WE/h g WL REC WA /b WH /b WHC A /b

Skagerrak 18&.2 1977 2.5 3.4 0 0 0.5 6.2 0.8 3.8 0.5 227.5 0.8 0.1 4.2 240.9
Skagerra k3 1993 2.8 4.3 0 0 0 0 0 0 1.0 2.1 0.5 0.7 4,2 6.9
Square Butte 1977 L0 12.6 0.5 58 L0 0.4 1.5 14.7 L5 100.3 1.0 2.6 12,5 251.1
Hokkaido-Honshu 1993 0.6 1.5 0 0 0.6 1.6 0 0 0.4 38.2 0 0 1.6 41.3
Nelson River BP2 1983  17.4 691.7  18.4 6.7 10.0 7.6 4.8 1.9 1.2 0.1 3.6 2.7 44.8  710.8
Virginia Smith 1988 3.8  345.2 2.2 L5 0.4 0.6 0 0 — - 2.6 5.5 8.6 352.9
Konti Skan 2 1988 1.6 13.9 0 0 1.8 20.9 0.8 5.4 0 0 0.6 2.0 4.8 12.2
Fennoskan 1990 1.4 16.1 0.2 0.2 1.8 13.6 0.6 0.6 0 0 0.4 0.2 4.4 30.8
T 4.3 136.1 2.7 1.8 2.0 6.4 1.1 3.3 1.0 46.0 1.2 1.7 10.6  209.6
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Table 4 Number of forced outages and equivalent outage duration of national HVDC transmission projects

TR BE KRB 1] e e PERIORY R BB R Foft Mt

2R H WHC BRE/R WREC BFE/R WEC BFEl/R WEC BFREI/R WS BFE/R ¥ BPRI/R k¥ BFE/h
W 1990-09 5.4 720.3 3.4 39. 2 8.0 150.2 1.6 13.8 4.0 139.6 2.6 1182.2 25.0 2245.2
KJT2001-06  10.8  268.0 4.8 40.5  12.6 77.1 5.8 77. 4 4.6 114.6 2.8 210.3  41.3 787.9
B 2003-06 4.0 54.0 0.3 4.4 4.7 29.7 0 0 4.0 42.1 0.3 497.8 72.5 627.8
LY 2004-06 1.5 11.3 0 0 3.0 19.3 3.0 37.5 3.0 62.6 2.5 122.6 13.0 253. 4
BT 2004-07 5.0 460.9 1.0 17.7 3.0 33.2 0 0 1.0 0.5 1.0 1.4 11.0 513.0
1y 5.3 302.9 1.9 20. 4 6.2 61.9 2.1 25.8 3.3 71.9 1.8 402.9  32.6 885.5

e B R BURLS TR 2005 48 HGE T T 4508 B A Rl if ] R T AR & 2001 42005 4F 197 39 8 ; b B T#2 & 2003 4E—2005
A S VIR TR A 2004 4F—2005 F W3 5 TRAUH 2005 S GEITHE.
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Table S EA and energy utilization on HVDC transmission
projects abroad (2001—2005)

TR #%iz WER T/ EAVYME/ memfAR
2R 2] MW %) SEHIME /)
E O 1990-09 1200 78.6 52.7
SN 2001-06 1 800 91.8 43.0
BB 2003-06 3 000 95.7 73.0
TLH 2004-06 3 000 95.2 61.2
BT 2004-07 3000 92.7 59. 2
2 90. 8 57.8

F6 1998 £—2002 FEI T EA ML EF ARGt
Table 6 EA and energy utilization on HVDC transmission
projects abroad (1998—2002)

e #id WESR EAVHME/ fERAAER

H K Hh /MW 2D SEIME/ 00D
Skagerrak 1&.2 1977 550 98. 1 36.0
Skagerrak 3 1993 500 97. 6 49.7
Square Butte 1977 550 90. 1 71.8
Hokkaido-Honshu 1993 600 95.5 11.5
Nelson River BP2 1983 2 000 89. 2 65.3
CU 1979 1138 97.0 73.3
Gotland 2&.3 1987 320 98. 2 28.9
Highgate 1985 200 98. 6 78. 4
Virginia Smith 1988 200 93.2 41.7
KontiSkan 2 1988 300 96. 4 29.9
- 95. 4 48.7
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Table 7 Number and duration of forced outages and EU
on HVDC transmission projects with one converter per pole

Biz  BHCFE MRS EU R

TREAR ew RoR o n GOR WE (/%
Skagerrak 1&.2 14.0 1.7 18.6 0.1 1.0 1.9
Square Butte 12.0 2.9 7.6 0.3 2.0 9.1
CU 14.0 2.0 2.0 0.2 2.3 1.6
Gotland 2&:3 14,0 0.4 46.3 0.2 1.2 9.8
Rihand-Dadri 8.6 8.6 5.0 1.4 1.4 2.6
T 3.1 15.9 0.5 1.6 5.0
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FrELwt[E 0 EU
Table 8 Number and duration of forced outages and EU on
HVDC transmission projects with two converters per pole

TR WAFHE  RREE P EUJ

aa WHC B /h WH IR /h W B/ (J %
Vancouver P2 .5 29.0 L5 5.7 — - 2.2
Nelson River BP1 polel 1.7 283.0 1.1 0.9 — - 12.8
Nelson River BP2 4.0 2.0 2.3 2.6 0.3 34 10.8
Itaipu BP1 1.3 18.0 0.7 7.2 0.2 1.3 1.9
Itaipu BP2 1.6 73.0 1.8 0.2 0.2 1.3 1.4
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Statistical Analysis on Reliability Indices for HVDC Transmission Project

ZHANG Lugi', ZHOU Jiagi'

, LIU Yang', XIE Kaigui'

, LIU Wei', JIN Xiaoming*

(1. The Key Laboratory of High Voltage and Electrical New Technology of Chongqing University,
Chongqing 400044, China)
(2. Technology Research Center of CSG, Guangzhou 510620, China)

Abstract: The statistical data about the operation reliability indices of the national HVDC transmission projects during the years

of 2001 to 2005 and the historical data abroad from 1998 to 2002 are summarized. Through analyzing and comparing among

reliability indices of these HVDC projects, the main factors influencing reliabilities of systems and the tendencies of these

factors are clarified. Using the resulting information including HVDC projects abroad, the paper then makes a comparison

among reliability indices of HVDC projects with two converters per pole and single converter per pole, respectively. The

statistical analysis and conclusions are capable of being used as reference to decision making for the operating, planning and

management of HVDC projects.
This work is supported by China Southern Power Grid.
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