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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
FIRE  PREVENTION  MEASURES ON  CONVERTERS FOR  

H IGH-VOLTAGE DIRECT CURRENT (HVDC)  SYSTEMS,  STATIC  
VAR COMPENSATORS (SVC)  AND FLEXIBLE AC TRANSMISSION  

SYSTEMS (FACTS)  AND THEIR VALVE HALLS 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  nati onal  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The main  task of I EC techn ical  comm ittees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC/TR 62757,  wh ich  i s  a  techn ical  report,  has  been  prepared  by subcommittee  22F:  Power 
e lectron ics  for e lectrical  transm iss ion  and  d istribution  systems,  of I EC techn ical  committee  22:  
Power e lectron ic  systems and  equ ipment.  
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The  text of th is  techn ical  report i s  based  on  the  fo l l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

22F/347/DTR 22F/353A/RVC 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above table.  

Th is  publ ication  has  been  d rafted  i n  accordance wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC websi te  under "h ttp: //webstore. iec.ch "  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  
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FIRE PREVENTION  MEASURES ON  CONVERTERS FOR  
H IGH-VOLTAGE DIRECT CURRENT (HVDC)  SYSTEMS,  STATIC  

VAR COMPENSATORS (SVC)  AND FLEXIBLE AC TRANSMISSION  
SYSTEMS (FACTS)  AND THEIR VALVE HALLS 

 
 
 

1  Scope 

I EC TR 62757,  wh ich  is  a  techn ica l  report,  deals  wi th  fi re  prevention  measures  on  converters  
and  thei r va lve  hal ls  for h i gh  vol tage  d i rect curren t (HVDC)  systems,  static VAR compensators  
(SVC)  and  fl exib le  AC transm ission  systems  (FACTS).  I t  i s  i n tended  to  be  primari l y for the  use  
of the  u ti l i t i es  and  consu l tants  who are  responsible  for i ssu ing  techn ica l  speci fications  for new 
converter va lves  and  va lve  ha l l s.  I t  concerns  fi re  i ncidents  i n  HVDC proj ects  us ing  l i ne  
commutated  converters  (LCC)  or vol tage  sourced  converter (VSC)  technology and  i t  i s  from  
these  proj ects  that most examples  of fi res  and  fi re  i nciden ts  are  taken .  Th is  techn ical  report  
a lso  addresses  converter va lves  and  va lve  hal ls  for SVC and  FACTS.  

Th is  techn ical  report provides  general  recommendations  to  be  cons idered  wh i l e  preparing  
speci fications  for these  systems.  Speci fic requ i rements  for a  particu lar proj ect need  to  be  
clearl y speci fi ed  and  mutual l y agreed  upon  between  the  suppl ier and  the  purchaser.   

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references ,  on l y the  ed i tion  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

Void .   

3 Terms and  defin i tions  

For the  purpose  of th is  document the  fo l lowing  terms  and  defin i tions  appl y.  

3. 1   
alarm  system  

i nsta l l ation  for i n i tiating  a  fi re  a larm  

3.2   
automatic fi re  detector 
device  that detects  abnormal l y h igh  temperature,  rate  of temperature  rise,  vis ib le  or i nvis ib le  
particles,  i n fra-red  or vis ib le  rad iation ,  or gases  produced  by a  fi re   

3.3   
automatic fi re  extingu ish ing  system  
any system  designed  and  i nsta l led  to  detect  a  fi re  and  subsequentl y d ischarge  an  
exti ngu ish ing  agen t wi thout the  necess i ty of human  i n terven tion  

3.4  
burn ,  i n trans i ti ve  verb  
undergo  combustion   

[SOURCE:  I SO 1 3943: 2008,  4 . 28]   
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3.5   
burn ,  transi ti ve  verb  
cause  combustion   

[SOURCE:  I SO  1 3943: 2008,  4 . 29]  

3.6   
ign i te ,  i n trans i ti ve  verb   
catch  fi re  wi th  or wi thou t the  appl ication  of an  external  heat source   

[SOURCE:  I SO  1 3943: 2008,  4 . 1 84]  

3.7   
ign i te ,  transi ti ve  verb  
i n i tiate  combustion   

[SOURCE:  I SO 1 3943: 2008,  4 . 1 85]  

3.8   
char,  noun  
carbonaceous  res idue  resu l ti ng  from  pyrol ysis  or i ncomplete  combustion   

[SOURCE:  I SO  1 3943: 2008,  4 . 38]  

3.9   
char,  verb  
form  char  

[SOURCE:  I SO 1 3943: 2008,  4 . 39]   

3. 1 0   
combustion  

exotherm ic reaction  of a  substance wi th  an  oxid i zi ng  agent  

Note  1  to  en try:  Combustion  general l y em i ts  fi re  effl uen t (4 . 1 05)  accompan ied  by fl ames  (4. 1 33)  and /or g l owing   
(4 . 1 68).  

[SOURCE:  I SO 1 3943: 2008,  4 . 46]  

3. 1 1   
exi t  

designated  poin t of departure  from  a  bu i l d ing   

[SOURCE:  I SO 1 3943: 2008,  4 . 86]  

3. 1 2   
explosion  
abrupt expansion  of gas  that can  resu l t from  a  rapid  oxidation  (see  4. 245  of I SO  1 3943:2008),  
decomposi ti on  reaction  or other means,  wi th  or wi thou t an  i ncrease  i n  temperature  

[SOURCE:  I SO  1 3943: 2008,  4 . 87]  

3. 1 3   
extingu ish ing  medium¨ 
extingu ish ing  agent 

sol i d ,  l i qu id  or gaseous  substance especia l l y su i ted  to  the  extinction  of fi res  
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3. 1 4   
fi re  
process  of combustion  characterized  by the  em ission  of heat accompan ied  by smoke and/or 
flame  

3. 1 5   
fi re  alarm  
alarm  

alarm  s ignal  for a l erti ng  the  fi re  service  or people  endangered  by fi re  

3. 1 6   
fi re  alarm  box 
cal l  box 
pu l l  station   

part of a  fi re  a larm  system  from  wh ich  a  fi re  ca l l  i s  made,  e i ther by hand  or au tomatical l y  

3. 1 7   
fi re  barrier  
fi re  separation  
separating  element wh ich  provides,  for a  s tated  period  of time,  s imu l taneous  i n tegri ty and  
thermal  insu lation  under speci fied  test  cond i tions  

[SOURCE:  I SO 1 3943: 2008,  4 . 99]  

3. 1 8   
fi re  control  system  
system  wh ich  provides  i n tegrated  con trol  of fi re  detection ,  fi re  a larm ,  fi re  suppress ion ,  smoke 
management and  other services  as  part of a  total  fi re  protection  scheme 

3. 1 9   
fi re  damper 
smoke damper 
mechan ical  p l ate  or shutter wh ich  i s  closed  to  restrict the  passage of fi re/smoke i n  a  fl ue  or 
duct  

3.20   
fi re  department connection  
connection  through  wh ich  the  fi re  department can  pump supplemen ta l  water i n to  the  sprinkler 
system ,  standpipe,  or other system  furn ish ing  water for fi re  extingu ishment to  supplement 
existi ng  water suppl ies   

3.21   
fi re  door 
door of at l east 30  m in  fi re  res istance  wh ich  i s  prescribed  for fi re  safety reasons  and  wh ich  
has  to  be  kept closed  i n  accordance  wi th  the  au thori ti es  i nstructions  

3.22   
fi re  hazard  
physical  object or cond i ti on  wi th  a  poten tia l  for an  undesi rable  consequence from  fi re   

[SOURCE:  I SO 1 3943: 2008,  4 . 1 1 2]  

3.23   
fi re  load  
quanti ty of heat wh ich  can  be  re leased  by the  complete  combustion  of a l l  the  combustib le  
materia ls  i n  a  volume,  i ncl ud ing  the  facings  of a l l  bound ing  surfaces  

[SOURCE:  I SO 1 3943: 2008,  4 . 1 1 4,  mod i fied  – The  notes  have  been  deleted . ]  
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3.24  
fi re  suppression  system  
any system  provided  for the  exti ngu ish ing  of a  fi re  

3.25   
fi re  wal l  

parti ti on  wal l  of speci fied  fi re  res istance  rating  

3.26   
fi re-fighting  
al l  measures  involved  in  the  combat against fi re  

3.27   
flame ,  noun  
rapid ,  se l f-sustain ing ,  sub-son ic propagation  of combustion  in  a  gaseous  med ium ,  usual l y wi th  
em ission  of l i ght   

[SOURCE:  I SO 1 3943: 2008,  4 . 1 33]  

3.28   
flame ,  verb  
produce fl ame  

[SOURCE:  I SO  1 3943: 2008,  4 . 1 34]  

3.29   
flammable  

capable  of flam ing  combustion  (see  4 . 1 48  of I SO 1 3943: 2008)  under speci fied  cond i ti ons   

[SOURCE:  I SO 1 3943: 2008,  4 . 1 53]  

3.30   
foam  
emuls ive  exti ngu ish ing  agen t,  cons isti ng  of water,  bubbles  of gas  or a i r,  and  a  foam  stabi l i zer 
(foam  compound  wh ich  i s  used  to  extingu ish  burn ing  l iqu ids)  

3.31   
heat release rate  
burn ing  rate  (deprecated )  
rate  of bu rn ing  (deprecated)  
rate  of thermal  energy production  generated  by combustion  

Note  1  to  en try:  The  typical  u n i ts  are  watts  (W).  

[SOURCE:  I SO 1 3943: 2008,  4 . 1 77]  

3.32   
ign i te ,  i n trans i ti ve  verb  
catch  fi re  wi th  or wi thou t the  appl ication  of an  external  heat source   

[SOURCE:  I SO  1 3943: 2008,  4 . 1 84]   

3.33   
ign i te ,  trans i ti ve  verb  
i n i tiate  combustion ,  l i ght   

[SOURCE:  I SO  1 3943: 2008,  4 . 1 85]   
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3.34  
ign i tion  
sustained  i gn i tion  (deprecated)  
general :  i n i ti ation  of combustion   

[SOURCE:  I SO  1 3943: 2008,  4 . 1 87]  

3.35   
ign i tabi l i ty,  ease  of ign i tion  
measure  of the  ease  wi th  wh ich  a  test specimen  can  be  i gn i ted ,  under speci fied  cond i ti ons ;  
i gn i ti on  time,  cond i ti ons;  i gn i ti on  time  

[SOURCE:  I SO 1 3943: 2008,  4 . 1 82]   

3.36   
ign i tion  source  

source  of energy that i n i ti ates  combustion   

[SOURCE:  I SO  1 3943: 2008,  4 . 1 89]   

3.37   
incipient fi re  

i n i tia l  fi re  

3.38   
means  of egress  
con tinuous  and  unobstructed  way of exi t  travel  from  any poin t i n  a  bu i ld i ng  or structure  to  a  
publ ic way and  cons ists  of three  separate  and  d isti nct parts :  a)  the  exi t  access,  b)  the  exi t and  
c)  the  exi t d ischarge   

Note  1  to  en try:  A means  of egress  comprises  the  verti cal  and  hori zontal  travel  and  shou ld  i ncl ude  i n terven i ng  
room  spaces,  doorways,  ha l lways,  corri dors,  passageways,  bal con ies,  ramps,  s tai rs ,  enclosures,  l obbies,  
escalators,  hori zon tal  exi ts ,  courts ,  and  yards.  

3.39   
non-combustible  

not capable  of undergoing  combustion  (under speci fi ed  cond i ti ons)   

Note  1  to  en try:  I n  some  regu lations  a  materia l  i s  cl assi fi ed  as  bei ng  non-combusti ble  even  i f i t  i s  capable  of 
combustion ,  provi ded  that  i ts  heat  of combustion  (4 . 1 74)  i s  l ess  than  defi ned  amount.  

[SOURCE:  I SO 1 3943: 2008,  4 . 239]  

3.40   
non-flammable  

not capable  of burn ing  wi th  a  fl ame (3. 27  and  3 . 28)  under speci fi ed  cond i tions   

[SOURCE:  I SO  1 3943: 2008,  4 . 240]  

3.41   
overheating  

excessive  rise  i n  temperature  of a  materia l  or body 

3.42   
qu ick response  sprinkler 

type  of sprinkler that i s  both  a  fast  response  and  a  spray sprinkler  
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3.43   
flame spread  
propagation  of a  flame fron t  

[SOURCE:  I SO  1 3943: 2008,  4 . 1 42]  

3.44  
sel f-extingu ish ,  verb  
au to-extingu ish ,  verb   
cease  combustion  wi thou t be ing  affected  by any external  agent   

[SOURCE:  I SO 1 3943: 2008,  4 . 284]  

3.45   
sel f-extingu ish ing  
the  characteristic of a  materia l  ceas ing  to  burn ,  under speci fi ed  test cond i ti ons,  after the  
i gn i ti ng  source  has  been  removed  

Note  1  to  en try:  Al though  i n  common  usage  ( i ncl ud i ng  th i s  report) ,  th i s  term  i s  deprecated  i n  i n ternationa l  
s tandards  because  i t  may convey a  fa l se  sense  of securi ty and  l ead  to  m isunderstand i ng .  The  properti es  of 
materia l s  after removal  of an  i gn i ti on  source  are  better d escribed  by the  afterfl ame  time,  the  afterg low time,  the  
extent  of combustion  and  the  damaged  area  ( l eng th)  under speci fi ed  test  cond i ti ons  (compi l ed  from  vari ous  
sources).  

3.46   
semiconductor device  
one  of the  series  connected  devices  used  i n  va lves  such  as  thyristors,  d iodes  or i nsu lated  
gate  b ipolar trans istors  ( IGBTs)  

3.47   
smoke  

vis ib le  part  of fi re  effluent  

[SOURCE:  I SO 1 3943: 2008,  4 . 293]  

3.48   
smoke detector 
fi re  detector wh ich  i n i tiates  an  a larm  on  the  presence  of a  certain  quan ti ty of smoke 

3.49   
smoke development rating  
smoke development rati ng  means  an  i ndex or classi fication  i nd icating  the  smoke development 
characteristics  of a  material  or an  assembly of a  materia l  as  determ ined  in  a  standard  fi re  test  

3.50   
smoke management system  
any system  des igned  and  i nstal led  to  control  the  accumu lation  and  spread  of smoke in  a  
bu i l d ing  

3.51   
water spray deluge system  
specia l  fixed  p ipe  system  connected  to  a  re l i ab le  source  of fi re  protection  water suppl y and  
equ ipped  wi th  water spray nozzles  for speci fic  water d ischarge  and  d istribution  over the  
surface  or area  to  be  protected   

Note  1  to  en try:  The  pip i ng  system  i s  connected  to  the  water suppl y th rough  an  au tomatical l y or manual l y  
actuated  val ve  that  i n i ti ates  the  fl ow of water.  An  au tomatic  val ve  i s  actuated  by operation  of au tomatic  detection  
equ i pment  i nstal l ed  i n  the  same areas  as  the  water spray nozzl es.  ( i n  specia l  cases  the  au tomatic  detection  
equ i pment  may a l so  be  l ocated  i n  another area).  
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4 Fi re  hazards  in  valves  and  valve hal ls   

4.1  General   

Converter valve  hal l s  house  the  converter va lves,  wal l  bush ings  or converter transformer 
bush ings,  va lve  and  group arresters  as  wel l  as ,  i n  certa in  designs,  other h igh  vol tage  
components  such  as  h i gh  vol tage  capaci tors  or vol tage  d ividers.   

The  valve  equ ipment i s  subjected  to  various  mechan ical  and  e lectrica l  stresses  during  
operation .  They are  designed  and  constructed  from  many series  and  paral l e l  connected  
components  such  as  th yristors ,  d iodes,  IGBTs  (and  s im i l ar packages),  capaci tors,  res istors  
and  saturable  reactors.   

To  m in im ize  the  space requ i rement i n  the  va lve  ha l l ,  the  valves  are  often  vertical l y stacked  to  
take  advantage  of the  g raded  i nsu lation  level .  The  necessary creepage and  e lectrica l  
cl earances  between  and  wi th in  the  valves  are  ach ieved  by the  use  of porcela in  insu lators  
and /or composi te  i nsu lators.  Extens ive  use  of composi te  materials  i s  made  i n  the  s tructura l  
components  of the  valves.   

Several  years  ago,  fol l owing  the  spate  of fi res  that cu lm inated  in  the  generation  of CIGRÉ  
Techn ica l  Brochure  1 36,  several  purchasers  demanded  that no  o i l -fi l led  components  be  i n  the  
valve  hal l  and  that va lve  componen ts  be  general l y fi re  retardan t.  Today a lso,  the  valve  
structu re  comprises  various  materials  such  as  p lastics,  composi tes ,  and  rubbers,  the  non-
metal l ic  materia ls  being  fi re  retardan t,  se l f-extingu ish ing ,  general l y to  UL94V-0  or equ ivalen t.  

There  i s  essen tia l l y m in imal  combustib le  materia l  i n  the  converter valve  equ ipment,  however,  
materia ls  wi l l  burn  i f there  is  sufficien t heat i npu t from  the  i gn i ti on  source.  The  poss ib le  
sources  of fi re  i n  a  va lve  hal l  are  d iscussed  i n  detai l  i n  the  fo l lowing  clauses,  and  cover HVDC 
and  FACTS  equ ipment ( thyristor va lves,  SVCs,  STATCOMs,  VSC,  etc. ) .  

4.2  Possible  causes   

4.2. 1  Valve  i nsu lation  fai lu re   

Breakdown  of e l ectrica l  i nsu lation  wi th in  or between  parts  of the  valve  wh ich  are  common  to  
more  than  one  sem iconductor device  l evel  can  l ead  to  arcing  wh ich  cou ld  i gn i te  fl ammable  
materia ls .   

I nsu lation  fa i lu re  cou ld  be  i n ternal ,  for example  due  to  partia l  d ischarges  i n  a  d ie lectric  
materia l ,  or external  due  to  corona  or contam ination  of i nsu lati ng  surfaces  (e. g .  as  a  resu l t of 
a  coolant l eak).  Smoke  or other i on ised  by-products  aris ing  from ,  for example,  an  overheated  
e lectrica l  component can  reduce  the  wi thstand  vol tage  of the  a i r i nsu lation  wi th in  the  valve.   

The  consequences  of i nsu lation  fa i l u re  wi l l  s trong l y depend  on  the  l ocation ,  materia ls  and  
energy associated  wi th  the  even t.  I t  shou ld  be  noted  that i t  i s  not necessary for total  
breakdown  of an  i nsu lation  system  to  occur before  hazardous  cond i tions  can  arise.  H igh  
surface  l eakage curren ts,  for example  on  a  con tam inated  i nsu lating  surface  can ,  depend ing  
on  the  materia ls ,  present  a  d i rect  ri sk of combustion .   

4.2.2  Loose  connections  or h igh  resistance  joints  in  the  power ci rcu i t   

An  overheated  connection  or series  arc can  arise  from  improper connection  of bus  bars  used  
for carrying  the  l oad  curren t.  These  cou ld  be  connections  between  d i fferen t sections  of the  
va lve,  wi th  the  series  reactor,  wi th  the  sem iconductor device  or any other connector wh ich  
forms  the  path  of the  l oad  curren t.  Any l oose  connection  or h i gh  res istance  j oi n t wi l l  overheat.  
I n  the  case  of an  open  ci rcu i ted  connection ,  a  series  arc wi l l  d evelop.  I n  e i ther case  the  heat 
generated  wi l l  d epend  on  the  l evel  of the  curren t and  may cause  damage to  ad jacent 
components,  especia l l y i nsu lating  materia l .  I f the  temperatures  reached  are  h igh  enough  then  
i t  may l ead  to  a  fi re.   
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4.2.3  Valve  component fai lu res   

4.2.3.1  General  

Breakdown  of e lectrical  i nsu lation  wi th in  or between  parts  of the  va lve  wh ich  are  common  to  
more  than  one  thyristor l evel  can  l ead  to  arcing  wh ich  cou ld  cause  charring  of components  or 
i gn i ti on  i n  certa in  ci rcumstances  i f the  source  i s  sufficientl y i n tense.   

4.2.3.2  Thyristors  and  d iodes  

When  overstressed ,  thyristors  and  d iodes  fa i l  to  an  approximate  short ci rcu i t.  Provided  that 
they remain  properl y clamped  and  cooled ,  short  ci rcu i ted  thyristors  can  safel y conduct normal  
l oad  curren t and  overcurren ts.  By provid ing  series  redundan t l evels,  a  va lve  can  be  kept i n  
service  for l ong  periods  i n  the  presence of a  smal l  number of short  ci rcu i ted  thyristors.   

4.2.3.3  IGBT and  s imi lar semiconductor devices  

These  devices  are,  at  the  time of wri ti ng ,  manufactured  main l y as  s i ng le-s ide  cooled  
encapsu lated  assembl ies,  a l though  press-pack assembl ies  are  avai lab le.  The  press-pack 
assembl ies  shou ld  fa i l  to  short-ci rcu i t bu t the  encapsu lated  assembl ies  can  fai l  to  e i ther short 
ci rcu i t or open  ci rcu i t.   The  mode of fa i l u re  i s  not fu l l y con trol l ed .   The  mode of fa i lu re  can  
l ead  to  rupture,  or even  a  more  explos ive  effect.   To  protect against th is  uncerta in ty,  a  
component such  as  a  fast-acting  swi tch  i n  paral le l  wi th  the  sem iconductor device  needs  to  be  
i ncluded .  

The  thyristors  and  d iodes  themselves  are  non-fl ammable  and ,  because  fa i lu re  re l ieves  other 
components  from  s ign i fican t vol tage  s tress,  i t  i s  often  arranged  that other componen t fau l ts  
l ead  d i rectl y or i nd i rectly to  thyristor short ci rcu i t,  thereby avoid ing  a  hazardous  cond i ti on  
e lsewhere.    

4.2.3.4  Capacitors  

To obta in  l ong  l i fe  and  h igh  re l i ab i l i ty at the  operating  vol tage  of one  sem iconductor device  
level ,  capaci tors  wh ich  experience  th is  vol tage  shou ld  employ an  impregnated  d ie lectric  
construction .   

Non-flammable  impregnating  fl u ids  based  on  pol ych lorinated  b i -phenyls  (PCB)  exist,  bu t are  
proh ib i ted  on  envi ronmental  grounds.  

Today,  many capaci tors  con tain  (usual l y smal l )  quan ti ties  of an  impregnating  med ium  i n  the  
form  of a  res in  wh ich ,  i f exposed  to  a i r and  an  i gn i ti on  source  can  burn .  Capaci tors  may a lso  
be  impregnated  wi th  special  d i e lectric fl u ids,  a l l  of wh ich  are  fl ammable  materia l .   Vi rtual l y a l l  
h igh  vol tage  capaci tors  today use  pol ypropylene  as  the  d ie lectric wh ich  a lso  may burn  i f 
exposed  to  a i r and  i gn i ti on .  The  fa i l u re  modes  of these  capaci tors  are  therefore  of particu lar 
i n terest.   

I n  a l l  cases,  rupture  of the  capaci tor can  i s  an  essentia l  pre-requ is i te  for exposing  the  
d ie lectric material  and  impregnating  med ium  to  a i r.  Th is  cou ld  arise  from  mechan ical  damage  
caused  by abuse  or resu l ti ng  from  a  production  defect,  or from  an  e lectrical  fau l t i ns ide  the  
capaci tor.  I n ternal  fau l ts  for example  short ci rcu i t of one  or more  capaci tor e lements,  sparking  
at a  broken  i n ternal  connection ,  etc.  can  cause  decomposi ti on  of the  d ie lectric materia l  and /or 
of the  impregnating  med ium ,  l ead ing  to  a  bu i l d -up  of pressure  ins ide  the  capaci tor.  Un less  the  
process  can  be  arrested  (e. g .  the  capaci tor i s  rendered  open  ci rcu i t by operation  of an  over-
pressure  protection  device)  or the  pressure  i s  re l i eved  i n  a  control led  and  safe  manner,  then  
the  over-pressure  may l ead  to  rupture  of the  can .  E lectrica l  arcing/overheating  of the  now 
d isrupted  capaci tor provides  a  l ikel y source  of ign i ti on .  Recent experiences  demonstrate  that  
the  risk for fi re  of con ta ined  pol ypropylene  capaci tors  i s  l ow.  

Capaci tors  that are  d ry type,  normal l y conta in  polyurethane or s i l icone  gel ,  as  fi l l i ng  materia l  
does  not burn  i tsel f even  though  i t  i s  exposed  to  a i r.  
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4.2.3.5  Reactors  

The reactors  wi th in  a  va lve  equ ipment may be  l iqu id  cooled .  A mode  of fai lu re  of va lve  
reactors  i s  overheating  due  to  tota l  or partia l  b l ockage of the  cool ing  p ipes  wi th in  the  reactors .  
I f such  a  cond i ti on  goes  undetected ,  fa i l u re  of the  reactor i s  possib le  and  th is  may cause  a  
fi re  wi th in  the  valve  equ ipment.   

Other modes  of fai l u re  cou ld  be  turn-to-turn  or turn -to-core  i nsu lation  fa i l u re  or for example  
fai l u re  of the  band ing  straps  used  to  secure  the  reactor cores.   

The  consequences  of such  fa i l u res  wi l l  depend  on  the  particu lar valve  des ign .   

4.2.3.6  Resistors  

The res istors  used  i n  damping  ci rcu i ts  are  general l y wi re  wound ,  a l though  th ick-fi lm  devices  
are  frequen tl y used .  The  fa i l u re  of resistors  cou ld  be  due  to  overheating  of the  e lemen t 
caused  by inadequate  cool ing  or corros ion  of resistor e lements  wh ich  are  i n  d i rect contact 
wi th  the  coolant.  I f the  resistors  are  i nd i rectl y cooled ,  i . e.  heats ink mounted ,  the  breakdown  of 
the  res istor to  the  heats ink cou ld  resu l t  i n  l ocal i sed  arcing .  Th is  may resu l t i n  open  ci rcu i t,  
i nsu lation  or hous ing  fa i l u re.  I f the  i nsu lation  provided  i s  fl ammable,  then  i t  may i gn i te.   

Another scenario  wou ld  be  that the  arcing  i ns ide  the  res istor pers ists  and  the  res istor may fa i l  
explos ive l y,  damag ing  other ad j acen t components .  Th is  can  l ead  to  arcing  and  fl ashover.   

4.2.3.7  Electron ic  ci rcu i ts  

The e lectron ic ci rcu i ts  for the  con trol ,  protection  and  mon i toring  of the  thyristors  are  normal l y 
of l ow power.  The  fa i l u re  of i nd ividual  components  may,  however,  pose  a  fi re  hazard .  Two 
si tuations  cou ld  be:  

a)  The  sem iconductor device  fi ri ng  e lectron ics  provides  gate  trigger pu lses  to  more  than  one  
series-connected  sem iconductor device  via  i nsu lated  ou tpu t pu lse  transformers.  Fa i lure  of 
the  i nsu lation  of a  pu lse  transformer cou ld  resu l t  i n  l oad  current  fl owing  i n  l ow current  
wiri ng .  

b)  The  e lectron ic ci rcu i ts  requ ire  a  source  of power wh ich ,  for HVDC valves,  i s  normal l y 
extracted  from  one  of the  vol tage  grad ing  networks  at  the  respective  sem iconductor 
device  l evel .  The  power suppl y must provide  sufficient energy to  meet performance  
requ i rements  under the  worst operating  cond i ti ons,  therefore,  under other cond i tions,  
more  energy than  is  needed  is  avai l able .  The  techn ique  adopted  to  control  th is  surplus  
energy cou ld  in fluence  the  consequences  of a  component fa i l u re  i n  th is  part of the  ci rcu i t.  

4.2.3.8  Light  gu ides  

Light gu ides,  e i ther i nd ividual l y or i n  bund les  i nvolve  a  risk of fi re  i gn i ti on ,  i f exposed  to  
conductive  su rface  contam ination .  Certain  types  of l i gh t gu ide  j acket materia l  may sustain  
combustion  and  transfer fi re  wi th in  the  va lve  structure.  

4.2.4  Semiconductor device l evel  connections   

When  the  sem iconductor devices  are  e lectrica l l y connected  to  damping  ci rcu i ts ,  g rad ing  
res istors  and /or other ci rcu i try,  th is  requ ires  auxi l i ary wi ring  of l ow current  carrying  capaci ty.  

The  sem iconductor device  con trol  and  protection  ci rcu i try,  i nclud ing  network grad ing  and  
detection  components ,  i nvolves  a  large  number of l ow current connections.  I f a  connection  
i nadvertentl y becomes open-ci rcu i ted ,  arcing  can  resu l t wh ich  cou ld  i gn i te  flammable  
materia l .  
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4.2.5  Coolant  system  problems   

4.2.5.1  Water based  systems  

I n  l i qu id  cooled  va lves  the  heat i s  removed  from  the  sem iconductor device,  res istors  and  
reactors  by deion ized  water or a  m ixture  of de ion ized  water and  g l ycol .  The  flow,  temperature  
and  conductivi ty of the  coolant del i vered  to  the  valve  are  con ti nous l y mon i tored  external l y to  
the  va lve.  I n ternal l y to  the  valve,  the  cool ing  water and  plastic p ipes  are  requ ired  to  wi thstand  
vol tage  stresses.  

The  fa i l u re  modes  of components  of the  valve  cool i ng  ci rcu i t  are  corros ion ,  l eakage and  
clogg ing .  Fai lures  can  be  caused  by e lectrical ,  chem ical  or mechan ical  phenomena ei ther 
acti ng  alone  or i n  combination .  

Un less  the  materia ls  i n  con tact wi th  the  coolant are  carefu l l y selected  and  appl ied ,  e lectro-
chem ical  processes  wi th in  the  cool ing  ci rcu i t  may cause  corrosion  of metal l ic  coupl i ngs  and  
other components  of the  coolant system .  I n  the  presence  of l eakage  curren ts  there  i s  the  
poss ib i l i ty of eros ion  and  deposi ti on  of materia l  i n  some parts  of cool ing  water ci rcu i t.  Th is  
process,  i f con tinued  for a  period  of time,  can  resu l t  i n  l eaking  or cl ogg ing  at some cri tical  
parts  of the  water ci rcu i t.  

The  presence  of foreign  materia l  i ns ide  the  cool i ng  ci rcu i t  can  a lso  cause  clogg ing  i f proper 
care  is  not  taken .  

When  series  connection  of cool i ng  water pipes  i s  used ,  a l l  components  i n  the  series  path  
(perhaps  from  more  than  one  sem iconductor device  l evel )  can  be  damaged  due  to  over-
heating  as  a  consequence of restriction  of cool i ng  water fl ow.  

I f cool i ng  water fl ow i s  b locked  to  the  va lve  reactor,  overheating  may damage  the  reactor 
i nsu lation  lead ing  to  an  i n ternal  fau l t or to  re leas ing  debris  on  to  other e lectrica l l y l i ve  parts  
caus ing  smoke or ion ized  a i r wh ich  may develop  i n to  a  partial  fl ashover.  I f the  temperature  of 
the  reactor i s  i ncreased  further,  i gn i ti on  of the  reactor insu lation  materia ls  may occur.  

Cool ing  water l eaks  can  occur at any of the  j o in ts  due  to  the  fai l u re  of gaskets  or O-rings  used  
i n  the  j o i n ts .  The  cracking  of p lastic p ipes  caused  by premature  ag ing  cou ld  a lso  lead  to  
l eakage.  I n  add i tion ,  mechan ical  vibrations ,  for example,  from  reactors  may cause  l oosen ing  
of j o i n ts  or cracking  of p ipes  wh ich  cou ld  l ead  to  a  l eak.  

I f the  i nsu lati ng  surfaces  of the  valve  are  pol lu ted ,  the  l eakage of water can  g i ve  rise  to  
tracking  and  eventual l y fl ashover.  

4.2.5.2  Contamination  and  condensation   

The equ ipment i ns ide  the  valve  hal l  i s  subjected  to  h igh  vol tage  wh ich  con tains  a  l arge  d . c.  
component.  Th is  creates  an  e lectric fi el d  wh ich  has  a  tendency to  attract a i rborne  particles  
wh ich  are  natura l l y presen t i n  the  va lve  ha l l  a i r.  As  a  resu l t,  the  equ ipment surfaces  may 
become covered  wi th  deposi ts  of foreign  materia l .  Bu i l d -up  of contam inants  i ncreases  the  risk 
of fl ashover.  

The  e lectrical  creepage d istances  and  e lectrical  clearances  ins ide  the  valve  are  based  on  a  
reasonabl y cl ean  envi ronment.  

The  s i ze  and  densi ty of dust particles  i ns ide  the  va lve  ha l l  depends  upon  the  efficiency of the  
ven ti lation  and  fi l tering  system .  Also,  i f the  i ns ide  of the  bu i l d i ng  (wal ls ,  roof,  fl oor,  s tructure,  
etc. )  i s  not properl y treated  wi th  a  main tenance-free  coating ,  i t  can  l ead  to  generation  of dust 
wh ich  may even tual l y be  deposi ted  on  the  various  surfaces  of the  va lve.  

Condensation  ins ide  the  valve  hal l  i s  possible  on  any cooled  su rfaces  such  as  water p ipes  
and  connections  i f thei r temperature  is  a l l owed  to  fal l  be low the  dew poin t i n  the  valve  hal l .  
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The  contam inants  deposi ted  on  valve  hal l  equ ipment surfaces  together wi th  h i gh  hum id i ty 
cond i ti ons  or water l eaks  further i ncrease  the  risk of a  major flashover.  

For example,  contam inants  col l ected  by electrostatic effects  i n  the  presence of moisture  or 
even  h igh  hum id i ty may form  conducting  e lectrol ytes  on  the  surfaces.  I n  the  presence of 
e lectrical  stress,  smal l  l eakage curren ts  may form  and  create  tracking  paths.  I n  t ime,  these  
curren ts  can  i ncrease  and  may damage the  i nsu lation ,  i on ize  the  surround ing  a i r and  cou ld  
precip i tate  a  h i gh  curren t fl ashover.  

E lectrostatical l y attracted  contam inants  i n  h igh  potentia l  gaps  may create  corona  wh ich  cou l d  
a lso  cause  flashover.  

F lashover aris ing  from  any of the  above  phenomena may create  a  fi re  as  a  function  of the  
materia ls  i nvolved  i n  or ad jacent to  the  event.  

4.2.6  Fai lu re  of valve  hal l  bushings   

Fai lure  of bush ings  cou ld  be  due  to  external  flashover or i n ternal  d ischarges.  An  external  
flashover may puncture  the  porcelain  and  expose the  flammable  materials  (paper/oi l ) .  For the  
case  where  transformer bush ings  or o i l  i nsu lated  smooth ing  reactor bush ings  project i n to  the  
valve  hal l  the  poss ib i l i ty exists  for some quan ti ty of o i l  to  enter the  va lve  hal l .  Due  to  
purchaser requ irements  today,  and  for many years  now,  i n  HVDC plants  there  are  no  o i l  
i nsu lated  or o i l -fi l l ed  equ ipment i n  the  va lve  hal l ,  the  poss ib i l i ty shou ld  not exist for any 
quanti ty of o i l  to  en ter the  va lve  hal l .  

A severe  i n ternal  fau l t i n  a  porcela in  bush ing  may cause  an  explos ion ,  resu l ti ng  i n  the  
complete  destruction  of the  bush ing  and  consequentia l  damage to  other equ ipment.  
Composi te  bush ings  may rupture  bu t not cause  debris  be ing  thrown  apart.  

4.2.7  Fai lure  of surge  arresters   

Because of the  absence of flammable  materia l  i ns ide  arresters  the ir fai l u re  shou ld  not d i rectl y 
l ead  to  a  fi re,  however,  i on ized  p lasma from  the  arc chutes  due  to  operation  of the  surge  
arrester,  has  the  poss ib i l i ty to  i n i tiate  a  fl ashover (a l though  good  des ign  shou ld  m in im ize  th is) ,  
bu t the  complete  fai l u re  and  destruction  of the  surge  arrester cou ld  in i tiate  a  fl ashover or 
cause  consequen tia l  damage  l ead ing  to  a  fl ashover.  

4.2.8  False operation  of deluge system   

Though  not common,  i f a  de luge  system  is  used  in  the  valve  ha l l  then ,  i n  the  even t of 
operation ,  the  whole  protected  area  wi l l  be  fl ooded  wi th  water.  Fa lse  operation  of the  water 
de luge  system  cou ld  resu l t i n  a  fl ashover i n  the  valve  hal l .  Even  i f water of h i gh  res isti ve  
qual i ty i s  used  the  surfaces  a l ready contam inated  wi th  pol l u tants  can  experience  a  fl ashover.  

4.2.9  Other valve hal l  equ ipment  

Other va lve  hal l  equ ipment such  as  vol tage  d i vi ders,  curren t transformers  or other equ ipment 
may cause  fi re  due  to  fl ashover or consequentia l  damage i f they fa i l .  Curren t HVDC practice  
is  to  on l y use  o i l  free  equ ipment i ns ide  the  va lve  hal l .  

4.2. 1 0  Work in  and  around  valve hal l  

Due to  the  l arge  number of e lectrical  and  mechan ica l  connections  i n  a  va lve  there  is  potential  
for human  error during  e i ther comm ission ing  or main tenance.  I f connections  are  l eft  loose  or 
foreign  obj ects  l eft  beh ind  i t  cou ld  l ead  to  a  fau l t that may cause  a  fi re.  
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4.3  Assessment of possible  consequences  

For a  fi re  to  start,  three  components  are  i nvolved :  heat ( i . e.  a  source  of i gn i t i on) ,  a  suppl y of 
oxygen  and  a  quanti ty of combustib le  materia l .  

I n  the  s implest  anal ys is,  the  severi ty of a  worst case  fi re  can  be  assessed  from  the  "fi re  load ".  

The  concept of fi re  l oad  i s ,  however,  a  conservative  way of assessing  the  worst conceivable  
fi re  s i nce  i t  presumes  tota l  consumption  of a l l  combustib le  materia ls  wi th in  a  defined  area.  No  
account i s  taken  of the  avai l ab i l i ty of the  various  materia ls  for combustion ,  thei r i gn i tabi l i ty or 
the  rate  at wh ich  they may burn .  F i re  retard ing  or sel f-extingu ish ing  characteristics,  i f 
provided ,  are  i gnored .  As  a  resu l t,  the  concept of fi re  load  is  of l im i ted  usefu lness  i n  
determ in ing  the  l ikel y consequences  of a  real  fi re.  

Al though  a  va lve  hal l  contains  an  i denti fiable  quan ti ty of combustible  materia l ,  the  
assessment of the  consequences  aris i ng  from  any of the  possib le  causes  of fi re  i den ti fied  in  
4 . 2  and  the  comparison  of one  des ign  wi th  another,  cannot be  dependably made on  the  basis  
of the  fi re  l oad  that th is  quan ti ty of materia l  represents.  For example,  the  i n troduction  of 
barriers  of fi re  retardan t materia l  i n  va lves  wi l l  actual l y i ncrease  the  va lve  hal l  fi re  l oad ,  wh i le  
i t  shou ld  decrease  the  ri sk for a  fi re  to  propagate.  The  assessment of possible  consequences  
must therefore  cons ider the  tota l i ty of measures  taken  to  l im i t  the  effects  of any fi re  i ncident.  

I t  i s  not foreseen  that va lve  hal l  equ ipment wi l l  ever be  constructed  en ti re l y from  non -
combustib le  materia ls .  Therefore,  s i nce  combustib le  materia ls  wi l l  be  employed ,  i t  shou ld  be  
determ ined  what the  l i kel y consequences  of any of the  poss ib le  causes,  g iven  i n  4 . 2,  m igh t 
be.  Consideration  shou ld  be  g iven  to:  

a)  The  probabi l i ty of the  i n i tiati ng  event  occuring ;   

b)  The  quanti ty of combustib le  materia l  d i rectl y i nvolved  in  any i n i ti ating  i nciden t;   

c)  The  fl ammabi l i ty characteristics  of the  materia ls  i nvolved ;   

d )  The  method  of detecti ng  the  presence of a  fi re  and  the  action  taken  thereon ;   

e)  The  protection  measures  incorporated  in  the  des ign  to  con ta in  and /or l im i t the  spread  of 
any resu l ti ng  fi re  to  ad jacent materials  or equ ipment;   

f)  The  risk of the  protection  measures  fa i l i ng ;   

g )  The  poss ib le  impact of e levated  temperature  aris ing  from  any fi re  i ncident on  the  
mechan ica l  i n tegri ty of the  valve  hal l  equ ipment or the  valve  hal l  bu i l d ing ;   

h )  The  l i kel y degree  and  impact of cross-con tam ination  of other equ ipment by combustion  
products ;   

i )  The  l ikel y need  for and  consequences  aris i ng  from  the  use  of a  fi re  exti ngu ish ing  agen t to  
pu t ou t  a  fi re.   

5 Valve hal l  l ayout and  access   

5.1  Physical  arrangements   

5. 1 . 1  General   

The phys ical  arrangement of valve  hal l s  and  service  faci l i ti es  i s  based  on  a  number of factors  
(e. g .  va lve  type,  bu i ld i ng  costs,  se ism ic cond i ti ons,  etc. )  wh ich  may not re late  to  fi re  
protection  and  safety.  I f a  faci l i ty layou t was  reviewed  on l y from  the  fi re  protection  
perspective,  the  valve  hal l  wou ld  be  phys ica l l y separated  from  other service  faci l i ti es  such  as:  
con trol  rooms,  auxi l i ary power rooms,  converter transformers,  o i l -fi l l ed  smooth ing  reactors  
and  main tenance  areas.  Wh i le  the  phys ical  separation  of va lve  ha l ls  and  service  faci l i ties  may 
be  des irable  from  the  fi re  protection  perspective,  i t  may create  operational  and  econom ic 
concerns  that override  the  fi re  protection  cons iderations.  I f the  va lve  hal l  and  service  faci l i ti es  
must be  constructed  wi th in  a  s i ng le  faci l i ty,  fi re  compartments  ab le  to  confine  a  fi re  to  i ts  area  
of orig in ,  shou ld  be  considered .  
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Wal ls  i n  fi re  compartments  on l y res ist the  spread  of fi re  for their speci fi ed  rati ng  i f thei r 
constructional  in tegri ty i s  not comprom ised  by unprotected  open ings,  such  as  doors ,  ducts ,  
gri l l es,  viewing  windows  and  cable  penetrations.  Care  must be  taken  i n  seal i ng  these  
open ings  to  ensure  the  i n tegri ty of the  fi re  wal ls .  Protection  of these  open ings  can  be  i n  the  
form  of fi re  doors,  fi re  and  smoke dampers,  fi re-rated  window assembl ies  and  fi re  stopped  
cable  penetrations.  

5.1 .2  Present  practices   

I n  the  majori ty of faci l i ti es,  the  va lve  hal l s  and  service  spaces  are  located  in  a  s ing le  faci l i ty 
for l og istic and  operational  reasons.  One  other practice  i s  to  have  the  va lve  ha l l  l ocated  i n  a  
separate  bu i l d ing  from  the  service  spaces.  When  the  va lve  hal ls  and  service  spaces  are  i n  the  
same bu i l d ing ,  the  usual  practice  i s  to  use  fi re  wal ls  to  separate  the  va lve  ha l ls  from  the  main  
bu i l d ing .  The  fi re  separation  needs  to  be  taken  i n to  consideration  when  design ing  the  valve  
hal l  i nsta l lations  and  what measures  are  to  be  taken  to  m i ti gate  the  chance  of fi re  spread ing .    

5.1 .3  Specific  provisions   

5. 1 . 3. 1  Faci l i ties  in  physical ly separate  bu i ld ings   

I n  terms  of phys ical  separation ,  there  are  four major areas  of an  HVDC substation  that shou ld  
be  considered :  the  valve  ha l l s ,  service  and  main tenance areas,  con trol /re lay and  auxi l i ary 
power rooms,  and  ad j acent  o i l -fi l l ed  equ ipment areas.  

The  i nstal l ation  of o i l -fi l l ed  e lectrical  apparatus,  such  as  converter transformers,  can  a lso  be  
l ooked  at from  the  phys ical  separation  perspective.  The  bas ic  gu idel ines  of NFPA 850   and  
IEEE  979  i nclude  a  number of cri teria  for the  spacing  of o i l -fi l l ed  equ ipment away from  
ad j acen t bu i l d i ngs.  

5. 1 .3 .2  Faci l i ties  separated  by fi re  wal l s  or fi re  barriers   

When  equ ipment i s  housed  i n  a  common  bu i ld ing ,  the  va lve  hal ls ,  service  and  maintenance 
areas,  con trol /re lay room  and  auxi l iary power faci l i ti es  shou ld  be  separated  from  each  other 
by fi re  wal ls  of a  su i table  rating  (e . g .  2  h ) .  Apertures  in  fi re  wal l s  shou ld  have  the  same rati ng  
as  the  wal l .  

Where  oi l -fi l l ed  e lectrical  apparatus  must be  i nstal l ed  closer to  the  main  bu i ld ing  than  the  
phys ica l  separation  d istances  noted  i n  NFPA 850  and  IEEE  979   fi re  separation  measures  wi l l  
need  to  be  cons idered .  

5.2  HVDC  valve  hal l  construction   

5. 2. 1  General  

The basic valve  hal l  structure  sh ie lds  the  equ ipment from  the  weather,  and  provides  a  
con trol l ed  envi ronment for the  operation  of the  va lves  cons isting  of semiconductor devices .  
The  valve  hal l  a lso  reduces  the  rad io-frequency rad iation  from  the  valves.  The  normal  
components  of va lve  ha l l  construction  wou ld  be  the  fl oor,   wal l s ,  roof and  i n terior fi n ishes.  
From  the  fi re  perspective,  the  valve  hal l  enclosure  wi l l  contain  the  heat and  toxic corros ive  
smoke wh ich  wi l l  subsequen tl y affect the  equ ipment.  

I n  order to  avoid  the  normal  fi re  re lated  problems  i n  a  bu i l d i ng ,  the  fol lowing  concepts  shou ld  
be  cons idered :  

a)  The  use  of non-combustible  construction  and  fi n ish  wherever possib le.  Where  i t  i s  not  
poss ib le,  control  measures  shou ld  be  i ncorporated ;   

b)  The  use  of fi re  resistan t construction  materia ls  for the  valve  hal l  to  increase  endurance  
against fi re  exposure  and  possib le  subsequen t col lapse.  Not on l y shou ld  non -combustib le  
materia l  be  l ooked  at,  bu t a lso  the  fi re  res istance  characteristics  of the  materials  of 
construction  are  important;  
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c)  The  incorporation  of des ign  measures  i n  the  construction  of the  bu i ld i ng  to  l essen  other 
fi re  and  operational  problems such  as  roof l eaks,  o i l  spi l l  containment and  water d ra inage.   

5.2.2  Valve  hal l  construction  

5.2.2 . 1  General  

The fol lowing  is  a  review of hazards,  practices  and  recommendations  for the  construction  of 
roofs,  wal ls ,  fl oors  and  fi n ishes  i n  a  va lve  hal l .   

5.2.2 .2  Floors  

The floors  of a  va lve  hal l  shou ld  be  of non-combustib le  construction  and  provide  a  clean ,  
stable  surface  on  wh ich  to  carry ou t  main tenance on  the  valve  and  va lve  hal l  equ ipment.  

5.2.2 .3  Wal ls  

The wal ls  of va lve  hal l  not on l y function  as  an  enclosure,  bu t a lso  general l y support the  roof 
and ,  i n  some cases,  the  actual  valve  structure.  

Wal ls  shou ld  be  non-combustib le,  fi re  res istan t,  and  form  a  fi re  separation  from  other areas  of 
the  bu i l d ing .  The  rati ng  of the  wal ls  depends  on  the  configuration  and  materia l  used  i n  the  
structu re,  and  the  fi re  l oad  of the  va lve  and  other equ ipment wi th in  the  valve  ha l l .  Where  steel  
construction  i s  used  for the  wal l  or roof support members,  specia l  care  shou ld  be  taken  to  
ensure  that these  exposed  surfaces  are  protected  for example  approved  spray-on  
cementi ti ous  coatings,  i n tumescent pa in t,  fi re-rated  enclosures.  

5.2.2 .4  Roofs  

The construction  of va lve  ha l l  roof components  is  a  fi re  concern ,  s ince  the  roof structure  may 
be  exposed  to  hot gases  and  flame during  a  fi re.  Th is  exposure  cou ld  l ead  to  the  col l apse  of 
the  roof structure  and  subsequent major damage  to  the  valve  structure.  The  use  of exposed  
steel  and  combustible  materia ls  for a  roof shou ld  be  avoided .  

The  construction  of the  roof i s  particu larl y cri tical  i n  those  appl ications  where  the  roof 
structu re  i s  actual l y the  supporting  assembly for the  valve.  The  type  of roof construction  
shou ld  be  based  on  an  anal ys is  of the  arrangement and  configuration  of the  valve,  and  the  
construction  and  fl ammabi l i ty of the  valve  structure  and  i ts  components .  The  effect of fi re  
protection  measures  and  smoke management system  to  be  i ncorporated  in  the  valve  ha l l  
shou ld  a lso  be  cons idered .  

5.2.2 .5  Fin ishes  

Materia ls  wi th  low fl ame spread  and  smoke development ratings  shou ld  be  used  for valve  hal l  
i n terior fi n ishes.  

5.3  Means  of egress   

The  on l y expected  time in  wh ich  most valve  hal l s  wi l l  be  occupied  wou ld  be  during  
maintenance and ,  for some designs,  short operational  i nspections.  Means  of egress  from  the  
va lve  hal l  shou ld  be  i n  accordance  wi th  l ocal  regu lations  and  operational  requ i rements.  

6 Supervision  of valve components  and  other valve  hal l  equipment  

6.1  General   

The mon i toring  or the  supervis ion  of the  valve  hal l  equ ipment i s  i n tended  to  detect fa i l u res,  
some of wh ich  may l ead  to  major damage.  Two  types  of mon i toring  are  avai l able:   

a)  On- l ine  mon i toring ;   
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b)  Off-l i ne  checks  and  i nspection .  

6.2  Supervision  of valve  components   

6. 2. 1  General  

I n  order to  establ ish  an  appropriate  mon i toring  practice  for the  valve  componen ts,  a  defin i ti on  
of valve  components  must be  establ ished .  The  va lve  componen ts  typ ical l y incl ude  the  
fol l owing  parts  (depend ing  on  the  converter technology):   

a)  Thyristors,  IGBTs,  free-wheel ing  d iodes  or other sem iconductors ;  

b)  Gate  e lectron ics  or mon i toring  e lectron ics ;  

c)  Damping  ci rcu i ts  (capaci tors  and  resistors)  ( i f appl icable) ;  

d )  Vol tage  source  capaci tance  or l evel  capaci tance  ( i f appl icable) ;  

e)  DC  grad ing  res istors  ( i f appl icable) ;  

f)  (Saturable)  reactors  ( i f appl icable) ;  

g )  Grad ing  capaci tors  ( i f appl icable) ;  

h )  L ight  gu ides  between  the  valve  and  the  valve  base  e lectron ics ;   

i )  Coolan t p ipes  wi th in  the  va lve;   

j )  Support insu lators  between  ti ers;   

k)  IGBT l evel  short-ci rcu i ting  devices  ( i f appl icable) ;  

l )  Load  curren t carrying  connections;   

m )  Any e lectrica l  connections  between  the  level  components .  

I t  i s  evident from  th is  l i st that there  are  a  l arge  number of d i fferen t component types  wi th in  the  
valve  structure  and ,  when  i t  i s  taken  i n to  account that there  may be  i n  excess  of 1 000  
examples  of most  of the  above l i sted  i tems  i n  a  s i ng le  va lve  ha l l ,  i t  wi l l  be  d i fficu l t  to  devise  a  
common  mon i toring  system  for a l l  these  components .    

6.2.2  On-l ine  monitoring   

General l y,  sem iconductors  l ike  th yristors  or IGBTs  are  d i rectl y mon i tored  and  l ocations  and  
numbers  of defecti ve  e lements  are  reported .  Alarm  and  tri p  s ignals  are  usual l y generated  i f 
the  number of redundant  l evels  i n  a  va lve  is  reduced  respectivel y exhausted .  Whi le  defective  
thyristors  fai l  short ci rcu i t  and  safe l y protect  the  affected  l evel  against damage,  defecti ve  
IGBTs  may fa i l  open  ci rcu i t.  To  avoid  the  risk of arcing ,  wh ich  m ight cause  i gn i ti on ,  such  
l evels  shou ld  be  shorted  by other means.  The  proper function ing  of these  means  shou ld  a lso  
be  mon i tored  and  reported .  

Other valve  components ,  l ike  res istors ,  capaci tors  or (saturable)  reactors,  are  usual l y not  
d i rectl y mon i tored .  Fai l u re  of such  components  may create  a  h igher risk of ign i ti on  than  fa i lu re  
of sem iconductors,  especial l y when  the  fa i l u re  of those  components  does  not d i rectl y lead  to  
a  short-ci rcu i t  fa i lu re  of the  sem iconductor.  

I n terconnections  wi th in  a  va lve  l evel  (wiring)  as  wel l  as  busbar connections  ins ide  the  va lve  
are  d i fficu l t to  mon i tor e lectrica l l y during  operation .  Period ic  i n frared  heat scans  or 
observation  of the  valves  us ing  a  video camera  system  may be  a  good  means,  however,  both  
techn iques  requ i re  a  d i rect l i ne-of-s igh t to  the  j o in ts  to  be  mon i tored  and  therefore  provide  
on l y restricted  appl icabi l i ty.  A vi deo system  cou ld  be  used  for permanent mon i toring  i f 
au tomatic  image  evaluation  i s  avai l able .  

Ai r sampl i ng  systems cou ld  a lso  be  effecti ve  i n  detecting  over-heated  j o i n ts  or components.  

When  a  water-cool ing  system  is  used  i t  i s  usual l y mon i tored  for l eakages  wi th in  and /or 
ou ts ide  the  valve  s tructure.  There  are  d i fferent  methods  depend ing  on  the  design  that are  
u ti l i zed  to  mon i tor water l eakage wi th in  the  valve  structu re.  I n  the  majori ty of cases  an  a larm  
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or a  tri p  i s  generated .  Even  smal l  cool i ng  water l eaks  must be  detected  as  soon  as  possible  
as  water l eakage  is  a  major risk for i gn i tion  when  spread  on  i nsu lati ng  surfaces.  

I t  i s  important that any type  of on- l ine  mon i toring  shou ld  not compl icate  the  design  or reduce  
converter rel i abi l i ty.  

6.2.3  Off-l i ne  checks  and  inspection   

The ph i l osophy for off- l ine  checking  wi l l  depend  on  the  manufacturer's  main tenance  
recommendations  and  the  user's  main tenance  practices,  such  as  the  i n terval  between  
maintenance ou tages  and  the  duration  of the  ou tage.  The  fol l owing  acti vi ties  are  typical  
examples  of off- l i ne  work for sem iconductor va lves:   

a)  Replacing  any defective  components  such  as  sem iconductor devices,  e l ectron ics  boards  
or complete  va lve  sub-modu les;  

b)  Checking  for coolant ci rcu i t  connection  tigh tness  and  any m inor coolant l eaks ;  

c)  Clean ing  of i nsu lators  or i nsu lati ng  parts  and  possibl y l arge  coolant pipes ;  

d )  Checking  for tigh tness  ( torques)  of the  bus  bar connections  as  wel l  as  for d iscoloration ;  

e)  Checking  for i n tegri ty of the  wi ri ng  between  componen ts  at  i nd ividual  va lve  l evels ;  

f)  Visual  i nspection  of coolan t p ipes  and  cool i ng  water connections  for any deterioration ;  

g )  Testi ng  of components  i n  i nd ividual  va lve  l evels  using  special  test sets  i f recommended ;  

h )  Pressure  testi ng  of the  water valve  cool i ng  ci rcu i t i f recommended .  

6.3  Supervision  of other valve hal l  equ ipment   

The other equ ipment wi th in  the  valve  hal l  wi l l ,  depend ing  on  the  des ign ,  i nclude  wal l  bush ings  
or transformer bush ings,  arresters,  va lve  capaci tors  and  vol tage  d i vi ders  and  earth ing  
swi tches.   

I n  modern  HVDC va lve  hal l  des igns,  bush ings  and  vol tage  d ivi ders  are  o i l -free  and  
pressurized  gas  fi l l i ng  i s  used  to  provide  the  necessary e lectrical  i nsu lation .  Arresters  con tain  
non-combustib le  metal -oxide  ceram ic b locks  mostl y enclosed  i n  composi te  hous ings.   

Bush ings  or vol tage  d ivi ders  fi l l ed  wi th  pressurized  gas  are  usual l y equ ipped  wi th  pressure  
gauges.  These  devices  may i nclude  e lectrical  contacts  wh ich  a l low on l i ne  mon i toring  for low 
gas  pressure.  Warn ings  and  trip  s i gnals  can  be  derived  by evaluati ng  d i fferent pressure  
l evels .  During  maintenance  bush ings  and  d ivi ders  are  checked  for correct gas  pressure.  

I n  recen t years  foam  and  gas  insu lated  bush ings  are  i ncreas ing l y used  where  the  gas/ai r i s  
kept under atmospheric  pressure.  No  mon i toring  is  appl i ed  for these  kinds  of bush ings.  

The  load  curren t carrying  connections  to  the  bush ing  may be  mon i tored  by i n frared  scann ing  
on  load .   

I n  the  case  of arresters ,  on- l i ne  mon i toring  i s  e i ther through  surge  counters  or through  the  
mon i toring  of the  arrester current or energy.  Th is  i n formation  can  be  transm i tted  to  earth  
poten tia l  via  l i ght gu ides.  Off-l i ne  mon i toring  is  e i ther by record ing  coun ter read ings  or 
period ic off- l i ne  testing .  I t  shou ld  be  noted  that arrester fa i l u res,  in  the  majori ty of s i tuations,  
wi l l  not  lead  to  a  va lve  hal l  fi re.  

No  mon i toring  is  performed  for valve  hal l  g round ing  swi tches,  however,  they do  not impose  
any fi re  ri sk.   

Copyright International  Electrotechnical  Commission  



I EC TR 62757:201 5  © I EC 201 5  – 23  –  

7 Fi re  detection  systems  

7. 1  General  

Since  the  consequences  of a  major fi re  in  a  va lve  hal l  can  be  s i gn i ficant,  suppress ion  of 
i ncip ien t fi re  i s  cri tica l .  For th is  purpose,  fi re  detection  at  a  very earl y stage  is  important to  
a lert the  operati ng  personnel  and  to  take  appropriate  actions  to  l im i t the  consequences.  S ince  
the  most importan t action  i s  de-energ ization  of the  equ ipment to  s top  the  e lectrical  energy 
i n feed ,  the  fi re  detection  scheme must be  capable  of accurate  and  re l iab le  detection  of the  
fi re  to  a l low for prompt in tervention  and  to  avoid  fa lse  a larms.  

A practical  approach  for existi ng  HVDC systems i s  to  combine  the  most up-to-date  proven  
technology i n  the  fi re  detection  and  securi ty survei l lance  i ndustries  to  re l i abl y detect a  fi re  at 
the  earl i est poss ib le  stage.  There  are  several  h i gh l y sens i ti ve  fi re  detection  methods  that are 
su i table.  

7.2  Detection  and  operating  principles   

7. 2. 1  General  

General l y,  the  method  of detection  makes  use  of one  or more  of the  fol lowing  princip les:   

– smoke:  detect smoke,  gases,  and  particu lates  before  fi re  spreads;  

– heat:  detect overheating  before  ign i tion ;  

– l i gh t:  detect l i gh t spectrum  associated  wi th  arcs,  sparks,  corona  and  flames;  

– visual :  detect actual  fi re  via  survei l l ance  camera/video system  ins ide  the  valve  ha l l  or via  
viewing  windows.  

F i re  detection/a larm  systems  that shou ld  be  considered  for detecti ng  valve  ha l l  fi res  are  
described  below;  these  are:   

•  Ai r sampl i ng  systems;  

•  I n fra-red  beam  smoke detectors;  

•  Arc detector systems;  

•  I n fra-red  flame detectors ;   

•  U l tra  violet fl ame detectors;  

•  Imag ing  vi deo  camera  systems.  

I t  i s  recogn ized  that  a l l  above  may not  be  feasible  due  to  l arge  area  to  be  covered  and  
location  to  be  se lected ,  especial l y i n  UHVDC appl ication  i nvolving  very l arge  valve  s tructures  
and  valve  hal ls .  I t  must be  noted  that l ocation  shou ld  not comprom ise  the  requ i red  e lectrica l  
cl earance.  For UHVDC,  some of above may be  impractica l .  

7.2.2  Ai r sampl ing  systems   

There  are  several  such  systems  on  the  market.  These  systems  draw a i r samples  through  
sampl ing  heads  con tinuous l y to  detect sub-m icron  particles  generated  during  the  i ncip ient  
stage  of a  fi re.  To  detect  the  presence  of such  particles,  these  systems  use  e i ther the  cloud  
chamber method  or the  l i gh t scattering  method .   

7.2.3  Infra-red  beam  smoke detectors  

These  are  optical  devices  wh ich  u ti l i ze  i n fra-red  beams projected  between  a  transm itter and  a  
receiver.  The  power ou tpu t of the  transm itter un i ts  are  ad justable  depend ing  on  the  beam  
range.  The  detection  of the  smoke is  based  on  the  pri ncip le  of beam  obscuration  caused  by 
heat or smoke.  An  a larm  is  g iven  i f the  l ight  beam  detection  level  fa l ls  below a  preset l evel .   
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7.2.4  Arc detector systems   

Commercia l l y avai l able  fl ame detectors ,  whose operati ng  princip le  depends  on  the  detection  
of in fra-red  or u l tra  violet l i gh t,  are  widel y i n  use  as  arc  detectors.   

7.2.5  Infra-red  flame detectors   

These  detectors  work by mon i toring  the  varying  i n frared  energy em i tted  by flames  and  gases  
from  a  fi re.  The  detector reacts  rapid l y to  a l l  fl am ing  fi res  i n  wh ich  carbonaceous  materia ls  are  
burned .  The  un i t  can  be  equ ipped  as  s i ng le  waveleng th  operation  or mu l tip le  operating  based  
on  s l igh tl y d i fferent wavelengths  and  the  s i gnals  from  the  detectors  are  correlated  to  enable  a  
cl ear d i fferen tiation  between  fl ame rad iation  and  other sources  of rad iation .  

7.2.6  U l traviolet  (UV)  fl ame detectors  

UV fl ame detectors  are  capable  of detecting  fl am ing  fi res  em i tting  l i ght  i n  the  u l traviolet  
spectrum  and  arcs.  Typical l y,  UV fl ame detectors  can  respond  to  a  fl ame or arc i n  l ess  than  
1 0  ms  and  are  used ,  bu t  to  reduce  fa lse  a larm  frequency a  time de lay of 2  s  to  3  s  i s  often  
appl ied .  

7.2.7  Imaging  video camera  systems   

Standard  h i gh  resolu tion  cameras  can  be  insta l l ed  at d i fferen t p laces  on  the  val ve  ha l l  wal l s  to  
provide  coverage of the  protected  areas.   

7.3 Guidel ines  for valve hal l  fi re  detection   

The  ai r sampl ing  systems  are  the  most effecti ve  systems for smoke and  incip ient  fi re  
detection  avai lable  today.  Test and  operati ng  experience  show that the  a i r sampl ing  systems 
can  provide  accurate  and  re l i able  detection  of i ncipien t fi res .  Typica l  response times  of a  few 
m inutes  appear to  be  adequate  for most s i tuations.  However,  i t  shou ld  be  noted  that a  major 
arcing  fau l t  may produce  a  l arge  amount of energy i n  a  very short  time.  Power arcs  
associated  wi th  major i nsu lation  fa i l u re  are  usual l y detected  very rapid l y wi th  conventional  
e lectron ic protection .  However,  series  arcs  may not be  detected  and  therefore  these  can  be  
sustained  un ti l  a  more  substan tia l  fau l t  develops.  An  arc detection  system  that can  detect 
such  an  event  qu ickl y,  for example  an  u l traviolet detector,  may be  used .  

8 Fi re  suppression  systems  

8. 1  General   

Due to  past experiences  wi th  fi res  i n  HVDC valve  hal l s  CIGRÉ Techn ica l  Brochure  1 36  was  
produced .   From  th is  experience  the  HVDC i ndustry took efforts  to  m i ti gate  the  risks  of fi res  i n  
the  valve  ha l l .  Th is  was  ach ieved  by two measures,  removing  combustib le  materia ls  from  the  
valve  hal l ,  and  i n troducing  sel f extingu ish ing  materia ls  i n to  the  valve  des ign  i tsel f.  Th is  
combined  wi th  the  i n troduction  of sens i ti ve  fi re  detection  systems  that a l l ows  an  i ncipien t fi re  
to  be  detected  and  the  energy source  to  be  effecti ve l y removed  before  damage can  become  
extensive  has  a l lowed  recent valve  hal l  des igns  to  greatl y reduce the  need  for a  fi re  
suppression  system .    

F i re  suppression  arrangement and  complexi ty depends  on  a  number of factors  such  as:  

– va lve  and  valve  ha l l  construction ;  

– va lve  hal l  l ayou t;  

– proxim i ty of o i l -fi l l ed  converter transformers  and  smooth ing  reactors;  

– proxim i ty of ad jacent  converters  i n  a  b ipole ;  

– requ i rements  of l ocal  fi re  codes;  

– advice  from  and  proxim i ty to  fi re  bri gade;  
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– i nsurance  company requ i rements ;  

– consequences  of l ost capaci ty;  

– manned  or unmanned  converter HVDC substation .  

The  review of the  above  factors  wi l l  l ead  to  one  of the  fol l owing  two options:  

a)  There  i s  a  l ow risk of a  va lve  ha l l  fi re  and  any fi res  that do  occur wi l l  se l f-exti ngu ish  or be  
safe l y contained  wi thou t the  need  for any i n tervention ,  i f the  energy source  i s  removed .  

b)  There  i s  a  major risk of fi re  i nciden t that may not se l f-exti ngu ish  or be  con ta ined  after the  
equ ipment i s  de-energ ized  and/or cou ld  develop  rapid l y wi th in  the  time  scale  needed  to  
obtain  safe  personnel  access  for the  purpose  of attacking  the  fi re.  

I n  a l ternative  a) ,  no  valve  hal l  fi re  suppress ion  system  is  recommended .   

I n  a l ternative  b)  a  fu l l y in tegrated ,  permanentl y i nsta l l ed  valve  ha l l  fi re  suppress ion  system  is  
recommended .  

The  des ign  goal  shou ld  a lways  be  fi re  prevention  accord ing  to  al ternative  a) .  I n  cases  of 
uncerta in ty abou t wh ich  a l ternative  the  i nstal lation  compl ies  wi th ,  i t  i s  recommended  to  
protect  the  valve  hal l  by measures  described  in  a l ternative  b).  

8.2  Design  considerations  for an  instal led  fi re  suppression  system   

When  considered  feasib le,  instal led  fi re  suppress ion  systems  shou ld  be  des igned  to  completel y 
engu l f the  volume of the  area  or zone  to  be  exti ngu ished  and  protected .  I t  shou ld  have  
sufficient projection  to  reach  or surround  a l l  parts.  I t  i s  not recommended  to  use  fi re  
suppression  systems  leaving  deposi ts  on  the  valve  ha l l  equ ipment due  to  consequentia l  
damage.  

The  fi re  extingu ish ing  agen t shou ld  be  non-toxic to  personnel  during  and  after a  fi re.  

I f oxygen  l evel  i s  reduced  to  a  dangerous  l evel  proper warn ings  and  protecti ve  equ ipment 
shou ld  be  furn ished .  

Des ign  of fi re  suppression  system ,  i nsta l l ation ,  testing ,  tra in ing ,  main tenance,  refi l l i ng  and  
resetti ng  work after tri ggered  system  affect the  operation  of the  faci l i ty and  shou ld  be  
cons idered .  

The  fi re  suppress ion  system  shou ld  not requ ire  extensive  instal l ation  that compl icates  the  
station  des ign  or adversely affects  the  operation  of the  electrica l  equ ipment.  

Manual l y i n i ti ated  operation  wi th  e lectrical  and  mechan ical  in terlocking ,  i s  desi rable  to  reduce  
false  operation .  

The  fi re  exti ngu ish ing  agen t shou ld  have  a  l ong  shel f l i fe  and  equ ipment shou ld  be  provided  
to  mon i tor i ts  cond i tion  period ical l y.  

Envi ronmental  cons iderations  shou ld  be  taken  in to  consideration  when  choosing  extingu ish ing  
agents .  

The  operation  of the  fi re  suppression  system  shou ld  be  clearl y marked  as  to  operational  
sequences,  the  zone(s)  to  be  acti vated ,  i nd ications  that the  proper safety procedures  have  
been  fol l owed  and  that  detection  has  been  veri fi ed  and  equ ipment de-energ ized .  Earl y 
detection  of fi re  on  sel f-exti ngu ish ing  materia ls  fo l lowed  by de-energ ization  very l ike l y makes  
i t  u nnecessary to  acti vate  add i ti onal  suppress ion .  The  procedure  shou ld  a l l ow an  appropriate  
de lay after de-energ ization  to  determ ine  whether the  fi re  sel f-exti ngu ishes.  
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8.3  Types  of fi re  extingu ish ing  agents    

8. 3. 1  List  of agents  

Table  1  g ives  examples  of fi re  exti ngu ish ing  agen ts.  

Table  1  – F i re  extingu ish ing  agents   

Type  Agent  Su i table  for use  i n  confined  
spaces  

I nert  Gases  IG-01  Y 

 I G-1 00  Y 

 I G-541  Y 

 I G-55  Y 

Carbon  D i oxi de  CO2  N  

Hydro  fl uorocarbons  HFC-1 25  Y 

 HFC-23  Y 

 HF-227ea  Y 

 HFC-236fa  Y 

 HFC B lend  B  Y 

Perfl uoroketone  FK-5-1 -1 2  Y 

I odofl uorocarbon  F IC-1 3I 1  N  

 F I C-21 7I 1  N  

Hydro  ch lorofl uorocarbons  HCFC-1 24  N  

 HCFC B lend  A Y 

C6-fl uoroketone  C6F 1 2O Y 

 

8.3.2  Carbon  d ioxide   

Carbon  d ioxide  (CO
2
)  i s  a  gas,  commonl y compressed  to  the  l i qu id  state  for storage.  When  

re leased ,  i t  affects  fi res  by crystal l i zing  water in  the  a i r and  d isp laces  oxygen .  Carbon  d ioxide  
can  cause  thermal  shock and  l arge  pressure  changes  i n  an  enclosed  volume,  wh ich  can  
poten tia l l y damage the  bu i l d ing  structure .  Pressure  dampers  usual l y are  needed .  CO

2
 i s  

hazardous  to  l i fe  as  suffocation  is  a  possib i l i ty.  Precautions  shou ld  be  taken  to  avoid  
accidental  operation  of the  system  during  maintenance.  

8.3.3  Inert  gases  

I nert gases  are  a  b l end  of i nert a tmospheric gases  wh ich  affects  fi res  by l owering  the  
concentration  of oxygen  to  a  poin t  that cannot support combustion ,  bu t  sti l l  safe  for humans.  
I nert gases  are  stored  i n  h igh  pressure  vessels  and ,  s im i l arl y to  carbon  d ioxide,  can  cause  
l arge  pressure  changes  i n  an  enclosed  volume.  Pressure  dampers  are  usual l y needed .  I nert  
gases  systems  are  re lati vel y expensive  and  requ ire  l arge  quan ti ties  sufficien t to  main tain  a  
35  %  to  50  %  concentration  in  the  va lve  hal l  vo lume.  

8.3.4  Hydro  fluorocarbons  

Hydro fluorocarbons  affects  fi re  by chem ical l y d isrupting  combustion .  One  wel l  known  Hydro  
fluorocarbon  is  the  l i quefied  gas  HF-227ea,  common ly cal led  FM200® 1 .  FM200® is  popu lar 
because  i t  i s  effecti ve  wi thout leaving  residue.  Due  to  h i gh  pressure  storage  i t  can  cause  

————————— 
1  FM200® i s  an  example  of a  su i table  product  avai l ab le  commercia l l y.  Th i s  i n formation  i s  g i ven  for the  

conven i ence  of users  of th i s  document  and  does  not  consti tu te  an  endorsement by I EC of th i s  product  
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l arge  pressure  changes  i n  an  enclosed  volume.  Pressure  dampers  usual l y are  needed .  
Quan ti ti es  su fficient to  main ta in  a  6 , 25  %  to  9  %  concentration  i n  the  valve  hal l  vol ume i s  
needed .  

8.3.5  Other gases  

Another gas  that shou ld  be  mentioned  is  the  C6-fluoroketone  named  Novec™  1 230 2.  
Compared  to  other gases  i t  i s  s tored  at l ower pressure  and  therefore  needs  no  pressure  
dampers.  

8.4  Instal l ation  requ i rements   

The e lectrical  envi ronment in  a  va lve  hal l  must be  cons idered .  The  e lectri cal  cl earances  are  
usual l y l arge  and  shou ld  not be  d im in ished .  F i re  extingu ish ing  systems  must be  able  to  
proj ect the  exti ngu ish ing  agents  across  these  clearances.  

E lectrical  i n terlocks  and  manual  i n i tiation  of operation  after veri fication  of a  fi re  by redundant 
means  shou ld  be  cons idered .  Remote  manual  acti vation  is  des ired  to  provide  adequate  
separation  between  the  operator and  possib le  heat and  smoke of the  fi re.  

The  fi re  suppress ion  instal l ation  shou ld  be  arranged  to  be  compatib l e  wi th  the  fi re  detection  
system .  

Redundant e lectrica l  suppl y systems shou ld  be  cons idered  such  as  redundant e lectrical  
service  or sel f-con tained  d iesel  pumps  and  generators.  Speci fic safety consideration  shou ld  
be  g i ven  to  the  possib le  need  to  de-energ ize  certain  areas  and  equ ipment during  fi res  (see  
Clause  1 1 ) .  

On-s i te  s torage  of chem icals,  water supply and  fi re  pump fue ls  i s  des i rable.  

Re-suppl y of materia ls  requ ired  for exti ngu ish ing  a  fi re  i n  a  va lve  ha l l  shou ld  be  made  via  
standard  type  fi tti ngs  located  at  a  safe  d istance  from  the  va lve  hal l .  

On-s i te  d rainage,  storage  and  con tainment equ ipment shou ld  be  considered  to  col l ect fi re  
res idue  and  to  protect the  environment from  contam ination .  Where  poss ib le,  oi l -water 
separators  shou ld  be  furn ished  to  con ta in  these  materia ls .  

E lectrical  and  mechan ical  i n terlocks  and  s ignal l ing  devices  shou ld  be  provided  to  avoid  
i nadvertent operation  i ns ide  energ ized  valve  hal l s  or m isoperation  i ns ide  the  wrong  zone  i f 
zonal  operation  is  provided .  Measures  shou ld  a lso  be  taken  to  prevent  un in tended  d ischarge  
of exti ngu ish ing  systems  i n to  the  va lve  ha l l  wh i l e  main tenance i s  taking  p lace,  because  of the  
risk of asphyxiation  of the  main tenance  personnel .  

S ince  i t  i s  not practical  to  test fi re  suppress ion  system  i nstal lations  i n  an  actual  valve  hal l ,  i t  i s  
des i rable  to  provide  means  to  test the  system  period ical l y wi thou t operation .  Auxi l i ary con trol  
va lves  and  p ip ing  for l im i ted  testing  or temporary connections  shou ld  be  restored  to  the  
proper arrangement and  carefu l l y checked  after testing .  Mon i toring  or m im ic panels  or both  
may be  furn ished  to  assure  a  proper arrangement.  

8.5  Gu idel ines  for fi re  extingu ish ing  agents   

Water or powder based  fi re  suppress ion  systems  shou ld  not be  used  as  fi xed  i nsta l l ations  i n  
va lve  hal l s  because  of the  harm  the  exti ngu ish ing  med ium  wi l l  cause  to  the  electrical  
components .  For the  same reason  i t  shou ld  be  avoided ,  i f feasib le,  d uring  manual  fi re  fi gh ting .  

————————— 
2 Novec™  1 230  i s  an  example  of a  su i table  product avai l abl e  commercial l y.  Th i s  i n formation  i s  g i ven  for the  

conven i ence  of users  of th i s  document  and  does  not  consti tu te  an  endorsement by I EC of th i s  product  
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Gaseous  suppression  systems  are  considered  to  be  the  most effecti ve  fi re  suppress ion  
system  for valve  hal ls  that s ti l l  meets  e lectrical ,  envi ronmenta l  and  human  safety demands.  
However,  due  to  the  l arge  volume of va lve  hal l s ,  l arge  quan ti ti es  of gas  shou ld  be  used .  Th is  
means  numbers  of can isters  and  complex p iping  wh ich  can  risk l eakages  and  other prob lem  
that  may force  unplanned  stoppage.   The  advan tages  and  d isadvantages  of such  an  approach  
shou ld  be  carefu l l y weighed  up  by the  purchaser before  fi nal i zi ng  the  techn ical  speci fication .  
Modern  agen ts  i n  gas  suppress ion  systems  a l l  meet the  demands  of fi re  suppression .  The  
main  d i fference  between  agents  i s  the  amount of gas  that i s  needed .  By using  
envi ronmenta l l y neutral  h ydro  fluorocarbons  the  amount of gas  can  be  reduced  compared  to  
i nert gases.  The  agents  are  under constant development and  other gases  that fu l fi l l  the  
suppression  demands  wi thou t l eaving  res idue  may be  cons idered .  

The  demands  for a  poten tia l  fi re  suppress ion  system  may be  one  or more  as  below:  

a)  Contain  and /or exti ngu ish  a  fi re  in  a  va lve  or va lve  section .  

b)  Protect the  valve  and  other valve  hal l  equ ipment structural  components  and  thei r 
supporting  arrangements  from  heat i n  the  event of a  fi re,  un less  the  valve  and  va lve  ha l l  
des ign  l im i ts  the  maximum  expected  fi re  temperature  to  acceptable  l im i ts .  

c)  Provide  means  to  exti ngu ish  an  o i l  fi re  resu l ti ng  from  a  rupture  or l eak of a  wal l  or 
transformer bush ing  in  the  valve  ha l l ,  i f appl icable.  

d )  Provide  means  to  extingu ish  any other fi re  i ns ide  the  valve  ha l l .  

9  Vent management  

9. 1  General  

The products  from  combustion  can  both  be  hot,  toxic and  a lso  reduce the  vis ib i l i ty to  zero.  
Good  venti lation  design  reduces  damage to  valve  hal l  components  by l owering  the  
temperature  and  reducing  the  con tam ination .  I t  a lso  keeps  smoke/gases  ou t of other areas  
and  makes  i t  poss ib le  for fi re  fi ghters  (equ ipped  wi th  breath ing  apparatus)  to  suppress  the  
fi re.  Th is  wi l l  reduce  the  ou tage  time fol lowing  a  fi re.  

A further advantage  of ven t management is  the  reduction  of pressure  i ns ide  the  valve  hal l .  
Natura l  venti l ation  of the  valve  hal l  wi l l  l ower the  pressure  wh ich  leads  to  l ess  structura l  
stress  and  reduces  the  risk of transfer of smoke to  other parts  of the  bu i ld i ng .  Forced  
ven ti lation  systems  may be  used  to  improve th is  effect by d rawing  negative  pressure  i n  the  
valve  ha l l  to  keep smoke and  toxic fumes  from  other parts  of the  bu i ld ing .  

An  HVDC va lve  hal l  i s  cons idered  a  "s imple  bu i ld i ng "  from  the  standpoint of des ign ing  a  
ven ting  management system .  During  a  fi re,  hot  smoke/gases  wi l l  rise  from  the  burn ing  obj ect 
and  draw in  cooler ambient a i r as  they rise  towards  the  ce i l i ng .  When  the  p l ume of smoke/gas  
reaches  the  cei l i ng  and  spreads  across  i t,  i t  forms a  d is tinct l ayer of smoke/gases  near the  
cei l i ng .  As  l ong  as  the  fi re  expands,  so  does  the  smoke/gas  l ayer near the  ce i l i ng  and  the  
temperature  i ncreases.  I f roof or wal l  mounted  fi re  dampers  are  provided  to  g i ve  natu ra l  
ven ti lation ,  the  smoke/gas  l ayer wi l l  develop  a  pressure  to  d ri ve  the  smoke/gas  ou t and  at  
some stage  an  equ i l i brium  wi l l  be  reached  when  the  mass  of smoke and  hot gases  l eaving  the  
enclosure  is  equal  to  the  mass  of a i r sucked  in to  the  enclosure  and  drawn  i n  the  fi re-plume.  
Th is  i s  the  bas is  for the  des ign  of roof and /or wal l  mounted  ven ting  systems,  wh ich  requ ires  
adequate  a i r to  be  d rawn  in to  the  bu i l d i ng  through  open ings  at the  l ower l evels  of the  
enclosure  to  replace  the  hot gases  flowing  out.  Forced  mechan ica l  venti lation  can  ach ieve  the  
same effect as  shown  i n  F igure  1 .  

Proper venti l ation  wi l l  decrease  the  temperature  near the  cei l i ng  and  can  provide  a  l ayer of 
cl ear a i r near the  fl oor.  The  degree  of cross-contam ination  wi l l  be  reduced  the  h igher the  
smoke  layer can  be  main ta ined .  Th is  a lso  a l l ows  the  fi re  fi gh ters  to  enter the  valve  hal l  to  fi gh t 
the  fi re  at i ts  source.  Ven ting  management works  as  a  pressure  re l ief system  to  reduce 
overpressure  in  the  bu i l d i ng  and  the  concentration  of vaporized  h ydrocarbons.  
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I f a  fi re  occurs  i n  a  nearl y closed  bu i l d i ng  wi thou t ven ti l ation ,  the  i n ternal  pressure  and  
temperature  may rise  to  such  an  exten t that the  bu i l d i ng  components  fa i l .  Further,  due  to  the  
consumption  of oxygen ,  unburned  smoke/gases  may gather in  the  hot a i r on  the  ce i l i ng  and  
may at some poin t exceed  the  flammabi l i ty l im i t.  When  a  door or equ iva len t at the  fl oor level  
i s  opened ,  oxygen  en ters  the  bu i ld i ng  and  i ncreases  the  risk of an  explosion .  S ince  i t  i s  
d i fficu l t  to  clear a  bu i l d ing  once  i t  has  become smoke fi l l ed ,  the  ven ting  management system  
shou ld  be  activated  at an  earl y s tage  of a  fi re  bu t must be  coord inated  wi th  the  chosen  fi re  
suppress ion  method .  I f suppress ion  by a  gaseous  agent i s  employed ,  the  bu i l d ing  must  
remain  sealed  un ti l  the  fi re  i s  extingu ished ,  bu t pressure  re l ief dampers  are  usual l y active  to  
re lease  excessive  overpressure.  

  
a)  Roof natural  ven ti lation  b)  Forced  ven ti l ation  

Figure 1  – Types  of venti lation  

9.2  Design  considerations   

9 .2. 1  General  

Factors  to  be  considered  when  selecti ng  natural l y or forced  venti lated  systems are  g iven  
below.  

9.2.2  Natural  venti lation   

Natura l  venti l ation  depends  on  the  bas ic phys ica l  property of hot gases  to  be  more  buoyant  
than  the  su rround ing  a i r.  Th is  makes  i t  au tomatical l y sel f-compensating  accord ing  to  the  
i n tens i ty of the  fi re;  the  more  i n tense  the  fi re  the  more  efficient  the  ven ti l ation  process.  The  
negative  s i de  of th is  i s  that a  low i n tensi ty,  bu t very smoky fi re  may not be  effecti ve l y ven ted .  

Natura l  ven ti l ation  can  on l y reduce the  overpressure  i n  the  va lve  ha l l .  Th is  i s  usual l y 
adequate  from  the  perspective  of reducing  the  s tresses  on  the  bu i l d i ng  structure  bu t can  sti l l  
l eave  a  pos i ti ve  i n ternal  pressure  wh ich  cou ld  force  smoke products  through  open ings  in to  
ad j acent areas.  Th is  may not be  a  problem  i f the  base  of the  smoke/gas  l ayer is  above the  
l evel  of ad j acen t rooms (e. g .  as  in  h igh  vol tage  appl ications)  bu t th is  can  be  more  problematic 
for low vol tage  appl ications  where  valve  ha l l  and  service  bu i l d ing  heights  can  be  s im i lar.  

Efficien t operation  requ ires  that the  fi re  dampers  be  fi tted  i n  the  roof or h igh  on  the  wal ls .  
Roof mounted  dampers  may impair the  i n tegri ty of the  roof and  therefore  represent poten tia l  
s i tes  for water l eakage.  The  des ign ,  taking  i n to  accoun t wind ,  ra in ,  snow and  ice  l oad ings,  can  
be  complex.  The  dampers  shou ld  not be  opened  except for under fi re  or for main tenance 
checks.  

Acti vation  of the  dampers  shou ld  be  s imple  and  be  made  i ndependent of external  sources.  I t  
can  be  made "fa i l  safe" ,  i . e .  au tomatical l y open  i f suppl y is  l ost.  Redundant  suppl ies  shou ld  be  
cons idered  i f motor operated  dampers  are  used .  
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Operation  can  be  manual  or via  precharged  mechan ical /gas  spring  systems wi th  heat  
activated  re lease.  I t  shou ld  be  possib le  to  close  the  dampers  after they have  served  thei r 
primary purpose  i n  order to  preven t adverse  weather cond i ti ons  contributi ng  to  the  va lve  hal l  
con tam ination .  

9.2.3  Forced  venti l ation  

Forced  venti l ation  depends  on  active  aspi ration  of the  valve  hal l  by l arge  capaci ty fans.  The  
d imension ing  of the  fans  shou ld  be  carefu l l y addressed  s i nce  the  capaci ty i s  i nversel y 
proportional  to  the  i n tens i ty of the  fi re:  the  more  i n tense  the  fi re  the  lower the  mass  fl ow rate  
of the  fans.  Therefore,  the  design  requ i res  a  degree  of conservatism .  

Forced  ven ti l ation  can  activel y produce  negative  pressure  i n  the  valve  hal l ,  wh ich  reduces  the  
risk for smoke m igration  i n to  other areas  of the  bu i l d i ng .  

Efficien t operation  can  be  ach ieved  by l ocati ng  fans  on  the  outs ide  wal l  of the  valve  hal l ,  at  
h igh  level ,  thereby preserving  the  waterproof  i n tegri ty of the  roof deck and  provid ing  a  h igh  
l evel  of securi ty against external  environmental  cond i ti ons.  

Acti vation  of the  dampers  and  the  fans  are  dependent on  the  avai labi l i ty of auxi l iary suppl ies  
wh ich  shou ld  therefore  be  secure.  The  rou ting  and  supervis ion  of the  auxi l i ary suppl ies  shou ld   
be  protected  from  the  consequences  of a  developing  fi re.  Local  fi re  codes  shou ld  be  taken  
i n to  accoun t when  des ign ing  auxi l iary suppl ies.  The  fan  motors  shou ld  be  rated  for operation  
at  the  maximum  temperature  of the  smoke/gas  l ayer.  

Au tomatic closure  of fi re/smoke dampers  i n  a i r cond i ti on ing  ducts,  i f any,  shou ld  precede 
activation  of the  vent management system ,  wh ich  cou ld  be  e i ther a  natural  or a  forced  
ven ti lation  system .  

9.2.4  Design   

The actual  design  of a  venti ng  management system  shou ld  be  undertaken  wi th  the  assistance  
of experienced  fi re  professionals  and  avai l abl e  software  for s imu lati ng  the  smoke/gas  fi l l i ng  
process.  Great care  i s  needed  to  ensure  that the  system  wi l l  operate  properl y and  not on l y 
ven t the  valve  ha l l  bu t a l l  the  rooms of the  HVDC substation  bu i ld i ng .  

1 0  Control  and  integration  of fi re  detection,  fi re  protection  and  converter 
control  systems  

1 0. 1  General  

Fire  detection  and  acti ve  fi re  exti ngu ish ing  systems  of the  s i ze  necessary for HVDC and  
FACTS substations  are  avai lable.  These  systems  combine  a  number of new detection  and  fi re  
extingu ish ing  technolog ies,  wi th  a  goal  of provid ing  comprehensive  fi re  protection .  These  
systems  shou ld  be  des igned  to  be  a  complementary arrangement wi th  the  control  and  
protection  system  of the  HVDC and  FACTS converter.  The  i n tegration  of these  systems in to  
an  overal l  fi re  control  system  is  recommended  to  ensure  a  proper coord ination  of actions  to  
effectivel y detect the  fi re,  l ocate  the  area,  trip  the  HVDC and  FACTS converter,  manage the  
heating ,  venti l ation  and  a i r cond i ti on ing  (HVAC)  system ,  and  manage the  removal  of smoke.   
However,  i t  i s  accepted  that some cl ien ts  may not  wish  to  incorporate  the  fi re  detection  s ignal  
i n to  a  trip  sequence  for the  converter.  

Many factors  need  to  be  considered  i n  the  se lection  of major i tems  of each  of the  fi re  con trol   
system .  These  factors  i nclude:  

– Detection  system  method  and  zone  arrangements ;   

– Speed  of detection ,  wi th  cross  zon ing  or backup  of d i fferent  detection  methods ;   
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– Visual  veri fication  system  includ ing  video  cameras,  viewing  windows/ports ,  va lve  hal l  
access  arrangements  and  annunciation  systems;   

– HVDC and  FACTS converter arrangements  such  as  standard  va lve  protections,  coolan t 
l eak detection ,  HVDC and  FACTS converter protection  arrangements ;  

– Local  and  remote  (e. g .  fi re  brigade)  a larm  annunciation  requ irements ;   

– Grid  control  system  requ i rements ,  i nclud ing  SCADA;   

– F i re  management and  emergency con trol  measures;   

– Avai l abi l i ty of tra ined  personnel .   

1 0.2  Fire  alarm  classification   

1 0 .2. 1  General  

The functions  and  properties  to  be  provided  by the  fi re  con trol  system  shou ld  i nclude  the  
fol l owing  wi th  respect to  fi re  a larm  class i fication :   

– I denti fication  of the  speci fic/zone  location  of a  fi re,  so  that the  actions  for prevention  of fi re  
propagation  and  i ts  suppression  can  be  effecti vel y implemented ;  

– Capabi l i ty of promptl y and  accurate l y detecting  the  fi re  i s  necessary,  so  that any delay in  
i n i tiation  of coun teraction  i s  avoided ;  

– H igh  accuracy and  re l i abi l i ty so  that the  system  responds  when  requ i red  but does  not 
cause  tripping  of the  converter system  or operation  of the  fi re  suppress ion  system  due  to  
false  operation .  

The  fi re  control  systems  wh ich  are  used  in  HVDC and  FACTS substations  can  be  classi fi ed  
accord ing  to  thei r fi re  detection  princip le ,  detection  obj ective,  degree  of importance  and  thei r 
functions.  F i gure  2  shows  the  typical  i n terconnections  between  the  various  fi re  extingu ish ing ,  
a larm  and  con trol  systems.  I t  may be  noted  that  a l l  boxes  shown  i n  F igure  2  may not be  
appl icable  i n  every case.  
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Figure 2  – Possible  arrangements  and  in terconnections   
of an  in tegrated  fi re  detection  and  control  system  

1 0 .2.2  Classification  by detection  principle   

The detection  systems  can  be  classi fied  i n to  those  wh ich  detect heat,  smoke and  e lectrical  
phenomena such  as  e lectric arcs  and  are  capable  of sens ing  combustion  products,  those  that 
detect fi re  visual l y by means  of mon i toring  te levis ion  systems,  and  those  employing  
combinations  of the  above means  (see  Clause  7) .  

The  combination  and  cross  zone  arrangement of each  detecti on  system  wi l l  provide  the  
maximum  sens i ti vi ty of detection  assuring  the  reduction  of fa lse  a larms.  I n  manned  HVDC and  
FACTS substations  visual  i nspection  cou ld  con tribute  to  fi re  detection .  

G iven  the  avai labi l i ty of network based  con trols  and  operator d isp lay equ ipment,  
cons ideration  shou ld  be  g i ven  to  equ ipping  the  operator's  control  desk wi th  annunciation ,  
mon i toring  and  visual  mon i tors.  Th is  wi l l  ensure  that  a  qu ick response and  coord inated  action  
can  be  taken  to  safel y manage  both  fi re  suppress ion  and  HVDC and  FACTS transm ission  
operations.  

1 0.2.3  Classification  by detection  objective  

Fire  a larm  systems  can  be  classi fi ed  accord ing  to  the  objecti ve  of detection  i n to:   

– Those  designed  to  au tomatica l l y trip  the  converter;    
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– Those  for wh ich  the  objective  is  to  a l ert  the  operator.   

I f the  cond i tions  l ead ing  to  fi re  can  be  detected  at a  very earl y stage,  i t  may be  possib le  to  
avoid  fi re  by tri pping  the  converter and  thereby cu tting  off the  energy source.  An  example  of 
an  a larm  system  for earl y detection  before  a  fi re  develops  i s  one  wh ich  is  designed  to  detect 
the  existence  of an  arc by means  of e lectromagnetic  rad iation ,  see  7 . 2 . 4  to  7 . 2 . 6.   

1 0.2.4  Detection  system  rel iabi l i ty  

I f des ired ,  redundancy for valve  ha l l  appl ications  can  be  ach ieved  by provid ing  mu l ti p le  
detectors  for each  va lve  hal l .   

Fa lse  fi re  s ignals ,  l ead ing  to  tripping  of the  converter or acti vation  of au tomatic  fi re  
suppress ion  systems,  wi l l  seriousl y aggravate  the  re l i ab i l i ty of HVDC and  FACTS systems.  
The  fol l owing  provis ions  cou ld  preven t such  s i tuations :  

– Setti ng  the  sensors  wi th  appropriate  sens i ti vi ty;  

– Provid ing  supervis ion  of the  fi re  a larm  system ;  

– Provid ing  redundant fi re  detection  systems  us ing  the  same sens ing  pri ncip les;   

– Provid ing  mu l tip le  detection  alarm  systems having  d i fferen t fi re  sens ing  princip les.   

One  approach  to  the  re l i ab i l i ty i ssue  i s  to  use  the  system  on l y to  alert the  operators  who wi l l  
take  action  on l y after they have  confi rmed  the  s i tuation  visual l y.  For systems  i nstal led  to  
detect major arcing  fau l ts,  au tomatic b locking  of the  converter wi l l  be  essen tia l .  Rel iabi l i ty i s  
then  dependent on  the  other provis ions  l i sted  above.  

Serious  consequences  can  arise  from  false  activation  of a  fi re  suppression  system .  I n  most 
cases,  fi re  action  shou ld  on l y be  taken  manual l y after visual  confi rmation  that a  fi re  exists,  
that the  affected  zone  has  been  properl y i den ti fied  and  that,  fo l lowing  de-energ ization ,  the  fi re  
has  not se l f-exti ngu ished  or remained  conta ined  wi th in  l im i ts  a l lowed  for i n  the  des ign .  

1 0.3  Fire  control  system   

1 0 .3. 1  General  

The fi re  con trol  system  may consist of some or al l  of fo l lowing ,  wh ich  are  shown  i n  F igure  2 :  

– F i re  detection ,  arc  detection ,  and  mon i toring  system ;  

– F i re  a larm  annunciation  system  ( l ocal  and  remote) ;  

– Ven t management system ;  

– F i re  suppress ion  systems;  

– Heating  ven ti lation  and  a i r cond i tion ing  system  emergency control ;  

– Control  desk d isplay;  

– Video  survei l l ance  system ;  

– Redundan t auxi l i ary power;  

– Sequence  of even ts  recorder.  

I t  i s  important to  note  that the  annunciation  and  i n terfaces  wi th  l ocal  fi re  bri gades  are  usual l y 
subj ect to  coun try codes  and  some speci fic custom ising  may be  necessary.  Des ign  of d isp lays  
for the  HVDC and  FACTS system  operator need  to  be  stra igh tforward  and  uncompl icated  so  
that i n  the  event of an  a larm ,  unambiguous  and  decisive  actions  can  be  taken  wi thou t having  
to  consu l t  i nstruction  books  or suppl ier documentation .   

1 0.3.2  Basic  system  functions   

The bas ic functions  in  a  typical  t ime  sequence of the  fi re  control  system  are:  
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– The  detection  of a  fi re  even t;  

– Location  i nd ication  a larm ;  

– Annunciation ;  

– Alarm  veri fication  (cross  zone) ;  

– Visual  veri fication .  

– Noti fy Grid  con trol  and  i f necessary emergency services  (e. g .  fi re  bri gade) ;  

– I f converter not a l ready tri pped ,  a l ert  operators  for converter tri pping  action ;  

– Prime fi re  exti ngu ish ing  systems;  

– Trip,  i solate  and  earth  i nvolved  equ ipment;  

– Shu t down  va lve  hal l  a i r hand l i ng  un i ts ;  

– I n i ti ate  the  ven t management system ;  

– Provide  mon i toring  and  con trol  of the  fi re  extingu ish ing  actions.  

I t  i s  recommended  to  have  the  status  of operation  of fi re  protection  faci l i ti es  and  operating  
status  of major equ ipment d isp layed ,  as  wel l  as  the  d isplay of the  occurrence of the  fi re  and  
the  l ocation  of fi re,  on  the  main  con trol  desk or nearby panel .  For remotel y con trol l ed  stations,  
i t  i s  des irable  to  provide  means  of mon i toring   the  station  cond i tions  at a  manned  con trol l i ng  
station .  

Any fi re  suppress ion  systems  may be  control led  manual l y or au tomatica l l y.  A manual  control  
scheme is  usual l y adopted  at manned  stations.  I n  unmanned  stations,  the  overal l  control  of 
fi re  suppress ion  faci l i ti es  may be  performed  automatica l l y.  The  prevention  of fau l ty actuation  
of a  fi re  suppress ion  system  is  a  requ irement of the  au tomatic scheme.  I n  add i tion ,  fi re  con trol  
systems shou ld  be  equ ipped  for the  fol l owing  functions:  

– Record ing  functions  by wh ich  the  in formation  re lated  to  the  sequence of occurrence  of 
fi re,  exti nction  of fi re,  operation  of fi re  suppression  systems,  and  occurrence of fau l ts  on  
system  componen ts  can  be  logged .   

– Functions  to  mon i tor the  system  components  and  detect fau l ts  of the  fi re  control  
components  i nclud ing  the  cond i ti on  of the  fi re  exti ngu ish ing  agents.   

1 0.3.3  Other system  components   

Other system  components  i nclude  the  fol lowing  i tems:  

– F i re  a larm  manual  ca l l  boxes/pu l l  stations.  

– F i re  a larm  horns,  buzzers,  strobes  and  annunciators.  

– F i re  door con trol .  

– F i re  shutters  for windows.  

– System  fau l t a larms.  

These  systems  need  to  be  i n tegrated  in  accordance  wi th  appl icable  codes  and  country 
regu lations.  

1 0.3.4  Outl ine  of system  design   

The fi re  control  system  can  have  a  variety of designs  depend ing  on  the  s ize  of the  HVDC and  
FACTS converter,  re lated  AC substation ,  i ts  importance  in  the  power system ,  equ ipment 
l ayout  i ns ide  the  valve  hal l ,  the  econom ic consideration  and  the  overal l  HVDC and  FACTS  
des ign  approach .  Actual  requ irements  for a  speci fic substation  must be  evaluated  fi rst and  
then  fi nal  requ i rements  must be  clearl y speci fi ed  for every substation  before  making  the  
purchase.  These  typica l  e lements  are  shown  i n terconnected  in  F igure  2 .  Power suppl ies  for 
the  fi re  con trol  system  must not be  affected  by the  fi re  even t.  
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1 0.4  Gu idel ines  for in tegrated  fi re  control  systems   

Since  each  coun try has  i ts  own  re levant fi re  protection  codes,  and  the  des ign  of the  fi re  
con trol  system  for valve  ha l l s  must comply to  these  national  codes,  th is  document shou ld  
faci l i tate  the  recogn i ti on  and  adoption  of reasonable  appl ications  of these  codes.  

I n  add i ti on ,  specia l  cond i ti ons  may be  imposed  by l ocal  codes  and  owner speci fications  for 
the  des ign  of fi re  detection/protection  systems for va lve  hal ls .  

I n  HVDC and  FACTS  substations  there  can  be  e i ther au tomatic or manual  con trol  
arrangements .  These  arrangements  requ i re  prudent review to  m in im ize  the  damage  from  
maloperation  by au tomatic action .  

S ince  unnecessary tri pping  of a  converter or the  actuation  of a  fi re  suppression  system  by a  
false  alarm  cou ld  substantia l l y degrade  the  HVDC and  FACTS system  re l iab i l i ty,  as  wel l  as  
resu l t i n  l ost  revenue,  fi re  suppression  systems are  usual l y manual l y operated .  

The  se lection  between  an  au tomatic or manual  converter tripping  system  must be  based  on  a  
j udgment wh ich  takes  in to  account:  the  speci fic  i n terconnected  a. c.  system  impacts  caused  by 
a  monopolar or b ipolar emergency tri pping  of the  HVDC system ,  the  relati ve  damage  to  the  
converters  caused  by the  fi re  exti ngu ish ing  agen ts  and  the  ski l l  of the  operati ng  s taff.  

S ince  conti nued  technology development i s  expected  for the  detection  systems  and  the  
components  that make up  a  valve  hal l  fi re  con trol  system ,  i t  i s  recommended  that the  HVDC 
system  speci fier shou ld  consu l t  the  HVDC and  FACTS  system  suppl iers,  fi re  suppress ion  
system  suppl iers ,  and  recogn ized  techn ical  experts  i n  the  fi re  protection  fi e ld  and  clearl y 
speci fies  d i fferen t requ irements  wi thout ambigu i ty for a  substation  before  purchase.  

1 1  Fi re  fighting  and  maintenance  

1 1 . 1  General   

The main  ru le  regard ing  fi re  figh ting  i s  that regu lations  from  local  fi re  departments  must be  
fol lowed .  Techn iques  used  i n  fi gh ting  a  fi re  i n  an  HVDC i nstal lation  depend  upon  the  type  of 
fi re  suppression  system  avai lable,  the  ava i l ab le  personnel  and  l ocal  practice.  For example,  i f 
a  carbon  d ioxide  gas  system  were  instal l ed ,  evacuation  of the  affected  area  wou ld  be  a  prime  
requ is i te  s i nce  suffocation  of personnel  can  occur.  

1 1 .2  Role  of station  and  fi re  fighting  personnel   

1 1 .2. 1  General  

HVDC substations  wi thou t permanentl y based  personnel  shou ld  not  be  des igned  for 
i nvolvement of personnel  i n  the  i n i tia l  action  i n  case  of fi re.  Un less  the  user is  prepared  to  
main ta in  a  fi re  fighting  tra in ing  programme,  the  role  of station  personnel  wi l l  normal l y be  
l im i ted  to  detecti ng  the  fi re ,  noti fying  appropriate  au thori ti es,  i solati ng  the  affected  areas,  
i n i tiating  i nsta l led  fi re  suppress ion  systems  and  evacuating  personnel .  I f the  va lve  equ ipment 
has  been  constructed  us ing  se l f-exti ngu ish ing  fi re  materia ls  as  far as  possib le  and  i f non -sel f-
exti ngu ish ing  materials  have  been  segregated  by fi re  res istant barriers,  actual  fi re  figh ti ng  
may not  be  requ ired .  When  requ ired ,  fi gh ting  a  fi re  i n  a  va lve  hal l  can  be  extremely hazardous  
as  a  resu l t  of the  heat,  toxic  fumes  and  the  possibi l i ty of va lve  col lapse.  The  owner shou ld  
cons ider the  exten t to  wh ich  h is  personnel  shou ld  be  tra ined  to  i n tervene i n  fi re  fi ghti ng .  

1 1 .2.2  Actions  in  case  of a  fi re   

Local  and  remote  s tation  personnel  wi l l  need  to  be  fam i l iar wi th  the  correct 
actions/procedures  associated  wi th  the  fo l lowing  typica l  sequence of events.  
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a)  Detection :  by means  of fi re  a larm  system ,  visual  observation ,  e lectrical  mon i toring  or other 
means.   

b)  Veri fication :  by visual  means  through  the  viewing  windows,  cameras  i f avai l able,  a l arms  
from  more  than  one  detector in  the  fi re  system  or operational  abnormal i ties.   

c)  De-energ isation :  i f not a l ready de-energ ised  by protective  action ,  b l ock and  trip  the  
affected  converter.   

d )  I so lation :  i solate  and  earth  the  affected  va lve  hal l .   

e)  Evacuation  of personnel  ( i f appl icable).   

f)  Noti fy the  gri d  control  and  i f necessary the  emergency service  (e. g .  fi re  bri gade).   

g )  Shu t down  of va lve  hal l  HVAC system .   

h )  I n i tiation  of ven t management system .   

i )  I n i ti ation  of fi re  suppression  system .   

j )  Coord ination  wi th  l ocal  fi re  au thori ties .   

k)  Other actions  i n  accordance  wi th  the  conti ngency p lans  for deal i ng  wi th  a  fi re.   

1 1 .2.3  Fire  fighting   

Un less  the  user has  tra ined  the  s tation  personnel  i n  fi re  fi ghti ng  techn iques,  fi re  fi gh ting  wi l l  
be  carried  ou t by the  l ocal  fi re  brigade.   

Speci fic  instructions  and  precautions  shou ld  be  provided  where  appl icable  for:   

– Use  of hand  held  equ ipment;  

– Ven t management.  

1 2  Guidance for purchaser specifications   

1 2. 1  General   

Purchaser speci fications  shou ld  requ i re  measures  to  m in im ize  the  risk of a  fi re  in  a  va lve  hal l ,  
to  prevent i t  from  spread ing ,  and  to  ach ieve  th is  the  materia l  shou ld  be  se l f-exti ngu ish ing .   

Consideration  of fi re  hazards  shou ld  be  included  at  a l l  of the  fol l owing  phases  of the  project:   

– preparation  of purchaser speci fication ;  

– proj ect des ign  and  eng ineering ;  

– se lection  of materia ls  and  components;  

– manufacturing ,  assembly and  testing ;  

– operation  and  maintenance.  

1 2.2  Purchaser specification   

1 2 .2. 1  General   

I n  th is  report,  on l y general  gu ide l i nes  are  g i ven .  These  gu idel i nes  wi l l  have  to  be  i n terpreted  
in  the  context of each  appl ication .  

The  fo l l owing  general  aspects  shou ld  be  considered  in  the  speci fication :  

– S i te  and  environmental  cond i tions;   

– National  and  l ocal  safety codes ;   

– Appl icable  fi re  standards  and  gu ides ;  

– I nsurance compan ies  terms  and  cond i ti ons;   
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– Local  fi re  department safety ru les  and  practices ;   

– Operation  and  maintenance practices  

1 2 .2.2  Semiconductor valves  

The speci fication  shou ld  emphasize  the  need  for the  valves  to  be  des igned  to  m in im ize  the  
risk of a  fi re  developing  and  to  l im i t  the  consequences.  

F i re  risks  shou ld  be  m in im ized  by:  

– Rating  components  for normal  and  abnormal  operati ng  cond i ti ons  includ ing  e lectrical ,  
thermal  and  mechan ical  stresses  wh ich  occur throughout the  operating  l i fe.  Adequate  
marg ins  for ag ing  and  degradation  of e l ectrica l ,  thermal  and  mechan ical  properties  shou ld  
be  provided ;   

– Cons idering  poss ib le  fa i l u re  modes  and  fi re  risk consequences.  Th is  shou ld  gu ide  the  
se lection  and  pos i ti on ing  of materia ls  and  components  consisten t wi th  thei r requ i red  
function  i n  the  des ign .  The  a im  shou ld  be  to  m in im ize  fa i l u re  probabi l i ties  or ensure  that  
any resu l ti ng  fi res  are  contained ;   

– Appl ying  appropriate  qual i ty control ,  i nspection  and  test procedures  at a l l  s tages  of the  
des ign ,  manufacture,  in sta l lation  and  commission ing  to  ensure  conform i ty wi th  the  
requ i rements  and  consistency i n  performance;   

– Having  comprehensive  repair/main tenance i nstructions  i n  the  operation  and  main tenance  
manual  to  a l ert the  user to  poten tia l  fi re  hazards  and  provide  gu ide l i nes  on  how to  deal  
wi th  them ;   

– I nclud ing  supervis ion /mon i toring  systems  to  detect problems  at  an  earl y stage.   

Consequences  shou ld  be  m in im i zed  by:  

a)  Reducing  the  energy i n feed  during  and  after a  fau l t.  Th is  has  two  components:   

1 )  E lectrical :  the  e lectrical  energy re leased  wi l l  depend  on  the  nature  of the  fau l t and  the  
time taken  to  detect and  de-energ ize  the  equ ipment.  Rapid  detection  and  de-
energ ization  shou ld  be  mandatory.  

2)  Chem ical :  energy re leased  by combustion  shou ld  be  m in im ized  by us ing  non  
combustib le  or se l f-exti ngu ish ing  materia ls  wherever poss ib le :  UL94-V0  or equ ivalent  
i s  a  target for sel f-extingu ish ing  capabi l i ty.  Where  th is  i s  not ach ievable,  due  to  other 
techn ical  cons iderations,  then  the  quan ti ti es  of such  materia l  shou ld  be  m in im ized .  
Selection  of materia ls  wi th  low heat re lease  rate  is  he lpfu l ,  however comparison  of 
materia ls  must a lways  i nclude  cons ideration  of se l f-exti ngu ish ing  properties  due  to  
flame-retardant add i ti ves  or properties.   

b)  Provid ing  fi re  separation  barriers  (or other features) ,  i f materials ,  wh ich  are  not se l f-
exti ngu ish ing  are  used  to  a  noticeable  extent,   

At the  tender stage,  the  purchaser cou ld  request a  report describ ing  the  des ign  approach  
used  to  deal  wi th  the  fi re  hazards  d iscussed  i n  Clause  4 ,  wh ich  cou ld  i nclude  detai l s  of the  
types  and  quan ti ties  of materia ls  used  in  the  va lve,  wi th  specia l  atten tion  to  those  i tems  wh ich  
do  not meet UL94-V0  rati ng  or equ iva len t.  The  report shou ld  address  the  consequences  of 
and  precau tions  against:   

– fau l ts  i n  e lectrica l  components  such  as :  damping  res istors,  damping  capaci tors ,  valve  
reactors,  va lve  e lectron ics,  etc. ;   

– series  arcs  due  to  an  open  ci rcu i t  i n  auxi l iary ci rcu i t wi ri ng  or i n  the  main  curren t path ;   

– shun t arcs  due,  for example,  to  i nsu lation  fa i lu re  between  tiers  caused  by pol l u tion  or a  
coolant l eak;   

– component overheating  due  to  coolan t l eakage  or b lockage aris i ng  from  a  damaged  
cool i ng  water p ipe  or connection ,  corros ion ,  or debris  ci rcu lating  i n  the  cool i ng  system ,  
etc.  

Copyright International  Electrotechnical  Commission  



 – 38  – I EC TR 62757:201 5  © I EC 201 5  

At the  con tract stage  the  purchaser cou ld  request that the  su i tabi l i ty of the  fi re  preven tion  
measures  i s  demonstrated  by actual  tests  except where  appropriate  tests  have  a l ready been  
performed.  Purchaser  and  suppl ier shou ld  agree  on  su i table  test setup  and  test procedures.  
The  test shou ld  be  appl i ed  to  a  sufficien t representation  of a  portion  of a  va lve  to  demonstrate  
that the  objectives  have  been  met.  I f appl icable,  structu ra l  components  of the  valve  assembly 
(e. g .  support/suspension  i nsu lators ,  va lve  section  structural  frames,  etc. )  shou ld  be  shown  to  
retain  thei r mechan ical  i n tegri ty when  subj ected  to  the  e levated  temperatures  and  exposure  
times  associated  wi th  the  worst case  fi re  scenario  a l l owed  for i n  the  des ign .  

1 2.2.3  Other valve hal l  equ ipment  

Other va lve  hal l  equ ipment includes  transformer bush ings,  DC-wal l  bush ings,  vo l tage  d i viders,  
capaci tors,  curren t transformers,  arresters ,  suspension-  and  post- insu lators ,  earth ing  
swi tches  and  bus  work.  The  pu rchaser speci fi cation  for these  i tems  shou ld  requ ire  the  
suppl ier to  m in im ize fi re  hazards  using  on l y non -flammable  or se l f-extingu ish ing  material  
accord ing  to  UL 94-V0  wherever possib le.  Particu larl y,  the  use  of oi l -fi l l ed  equ ipment shou ld  
not be  perm i tted .  The  impact of equ ipment fa i l u re  on  other ad jacent equ ipment shou ld  be  
considered  i n  the  design .  

1 2.2.4  Valve  hal l  construction   

I n  add i ti on  to  the  fi re  aspect of valve  hal l  equ ipment,  the  speci fication  shou ld  address  more  
speci fical l y the  va lve  hal l  construction .  

The  fi re  ri sks  and  consequences  shou ld  be  m in im ized  by:  

– Valve  hal l  i solation  against the  spread  of fi re  by su i tabl y rated  fi re  wal ls ,  fl oors  and  
cei l i ngs;   

–  Al l  open ings  in  wal ls ,  fl oors  and  cei l i ngs  shou ld  be  sealed  wi th  the  fi re  rating  of the  seals  
correspond ing  to  the  same level  as  the  wal l ,  fl oor or cei l i ng  penetrated ;   

–  Ensuring  that any viewing  windows or vi deo cameras  are  arranged  so  that the  maximum  
practical  area  of the  valve  hal l  i s  wi th in  l i ne  of vis ion ;   

– I ncl ud ing  fi re  rated  doors  and  windows between  the  service  b lock and  valve  ha l l .  The  
doors  shou ld  be  adequate l y a i r ti ght.   

Al l  the  systems  and  equ ipment shou ld  be  des igned  to  meet the  requ irements  of the  National  
and  Local  F i re  Codes.  Systems  and  equ ipment that are  not covered  by l ocal  ru les  and  
regu lations  shou ld  be  designed  in  accordance wi th  appl icable  standards.  Even  though  va lve  
hal l s  may not be  speci fical l y covered  by these  standards,  va lve  hal l  construction  shou ld  
ensure  that equ ivalent fi re  protection  measures  are  i ncluded .  

Su i table  fi re  segregation  and  compartmentation  shou ld  be  used  for a l l  va lve  ha l l  services  (e. g .  
cables,  fi bre  optics,  cool i ng  pipes,  ducts,  etc) .  

1 2.2.5  Fire  detection  systems  

The  purchaser specification  shou ld  i nclude  a  requ i rement for a  fast acti ng  fi re  detection  
system  (e. g .  a i r sampl ing  system)  capable  of earl y detection  of i ncip ien t fi re  and  smoke.  For 
fast response there  shou ld  be  a  sufficien t number and  d istribu tion  of a i r sampl ing  poin ts  for 
each  va lve  structure.  The  detector and  con trol  u n i t  shou ld  be  l ocated  outs ide  the  valve  ha l l  for 
ease  of veri fication  and  maintenance.  

The  a i r sampl i ng  system  cou ld  be  re inforced  by the  use  of a  sufficien t number of arc de tectors  
(e. g .  UV-sensors)  to  ach ieve  qu ick de-energ ization  of the  converter i n  case  of fl ashover.  I n  
add i ti on ,  conventional  systems  cou ld  be  speci fi ed  to  conform  to  l ocal  fi re  regu lations  and  
i nsurance  company requ i rements.  

For unmanned  substations  and  for HVDC substations  where  i t  i s  not poss ib le  to  view a l l  parts  
of the  valves  when  energ ized ,  a  camera  system  is  usefu l .  
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1 2.2.6  Fi re  suppression  systems   

The speci fication  of the  HVDC substation  fi re  protection  shou ld  address  the  specia l  
requ i rements  for protection  of the  valves  and  va lve  hal l  equ ipment.  The  recommendation  is  
that the  valves  shou ld  not be  exposed  to  any fi re-figh ti ng  agen ts,  bu t shou ld  exh ib i t se l f-
extingu ish ing  properties.  Therefore,  an  i nsta l l ed  fi re  suppression  system  for the  valves  i s  not  
recommended .  

I f a  fi re  suppress ion  system  i s  to  be  i nstal led ,  on l y systems  using  gases  as  exti ngu ish ing  
med ium  shou ld  be  considered  as  water or powder based  systems  wi l l  very probabl y cause  
more  damage to  the  valves  than  a  fi re  i tse l f,  provided  the  valves  are  properl y des igned .  
Manual l y operated  systems are  preferred  to  preven t fa lse  operation  wh ich  wou ld  cause  
unnecessary ou tage.  

When  provided ,  a  valve  hal l  gaseous  fi re  suppression  system  shou ld  i nclude  a l l  equ ipment 
requ i red  for d i recti ng  the  gas  d ischarge  at a  fi re.  Gaseous  systems include  fixed  systems,  
wheeled  carriages  l oaded  wi th  cyl i nders  and  hand  held  extingu ishers.  The  effecti ve  reach  of 
gas  j ets  from  portable  extingu ishers  shou ld  enable  the  suppress ion  of smal l  fi res  that cou ld  
develop  anywhere  i n  a  va lve  or valve  hal l .  I t  may be  noted  that for some valve  hal ls ,  i t  may 
not be  feas ib le  to  provide  such  portable  systems,  due  to  l arge  s i zes  and  d istance  involved .  
F ixed  systems  may be  cons idered  to  cover ded icated  areas  to  complement portable  systems.  

1 2.2.7  Vent management system   

Each  valve  ha l l  wou ld  normal l y have  an  i ndependen t a i r-hand l ing  system .  I n  add i ti on ,  a  ven t 
management system  cou ld  be  speci fied .   

1 2.2.8  Fi re  alarm  and  control  systems  

Each  va lve  hal l  shou ld  have  an  a larm  and  con trol  system  wh ich  reports  to  the  main  HVDC 
substation  fi re  control  system .  

Operation  of any s ing le  fi re  detection  system  shou ld  cause  i n i ti ation  of vis ible  and/or aud ib le  
fi re  a larms  ind icating  the  l ocation  of the  a larm  orig in .  I n  th is  case  the  HVDC substation  
operator shou ld  decide  how to  proceed .  

The  confi rmation  of a  fi re  (e. g .  vi a  operation  of two  independent detectors  or by visual  
veri fication  by the  operator)  shou ld  cause  the  fol l owing :  

a)  B locking  and  de-energ izing  of the  converter ( i f not a l ready implemented  by protecti ve  
action) .  

b)  Acti vation  of the  ven t management system .  
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Annexe A 
(informative)  

 
Valve  hal l  fi re  hazards  and  survey of fi re  incidents   

A.1  General  

From  a  survey of th yristor valve  and  va lve  hal l  fi re  i ncidents  conducted  i n  1 993,  together wi th  
other i nciden ts  reported  subsequent to  th is ,  u ti l i ti es  operating  27  HVDC l i nks  have  reported  a  
tota l  of 29  i nciden ts,  th ree  of wh ich  were  catastroph ic.  I nvesti gations  of the  three  major 
i nciden ts  concluded  that each  of them  started  at fi rst  as  a  m inor even t and  developed  i n to  a  
major i ncident.  For further in formation  on  these  i ncidents,  see  CIGRÉ  Techn ical  Brochure  
1 36.   

I n  201 2  an  add i tional  survey was  made for any fi res  or fi re  I nciden ts  i n  HVDC p lants  i n  
operation  from  February 1 997  to  October 201 2.  Of a  tota l  of 40  u ti l i ti es  approached  22  u ti l i t i es  
wi th  48  HVDC substations  in  operation  answered  reporti ng  66  fi re  i nciden ts  demonstrating  the  
con tinued  need  for the  fi re  prevention  measures  recommended  i n  th is  report.  The  approached  
u ti l i ti es  are  l i s ted  i n  Table  A. 1 .  The  statis tics  demonstrate  that o lder insta l l ations,  where  a l l  
recommended  fi re  preven tion  measures  had  not been  adopted ,  have  a  much  h i gher fi re  
i nciden t rate.    

A.2  Hazard  categories   

The fol l owing  valve  hal l  fi re  hazards  are  cons idered :  

1 )  Overheating  of valve  components  due  to  reduced  cool ing .  

2)  Valve  component fai l u res.  

3)  Loose  or h i gh  resistance  connections  in  the  l oad  curren t carrying  ci rcu i t.  

4)  Fai lure  of auxi l i ary ci rcu i t  e l ectrical  connections.  

5)  I nsu lation  fa i l u res.  

6)  Fai lu re  of equ ipment associated  wi th  the  valve  hal l  

7)  False  alarms.   

8)  Unknown  causes.  
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A.3  Reports  from  HVDC users  

Table  A. 1  – HVDC converters  owners/suppl iers  reference l i st  (May 201 2)  

Owner(s)  Project/  Name of converters  Answer 
received  

Any 
i ncident  

Comment  

APA Di rect L i nk  No    

APA Mu rray Li nk  No    

50  H z Transm iss ion  Kontek /  Rostok  Yes  No   

Bal ti c  Cabl e  AB  Bal ti c  Cabl e  /  Herrenwyk,  Kruseberg  Yes  Yes  Fal se  a l arm  at  
Herrenwyk 

HVDC substation .  

BC Hydro  Vancouver i s l and / Arnott,  VAT Yes  Yes   

BP  Valhal l  No    

BPA Paci fi c  I n terti e/  Cel i l o  Yes  Yes   

Chubu  M inam i -Fukum i tsu  Yes  No   

Chubu  H igash i -Sh im izu  Yes  No   

CI EN  Garabi  1  and  2  Yes  No   

CSG  Gezouba-Shanghai ,  Tian -Guang  No   On ly verbal l y 
i n formed  and  
therefore  not  
i ncl uded .  

EdF  Cross  Channel /  Les  Mandari ns  No    

Energ inet  DK Skagerrak 1  /Tje le  Yes  Yes   

Energ inet  DK Skagerrak 2  /Tje le  Yes  Yes   

Energ inet  DK Skagerrak 3  /Tje le  Yes  Yes   

Energ inet  DK Storebael t  /  Fraugde,  …  Yes  Yes   

EPDC Hokkaido-Honshu  Yes  No   

EPDC Sakuma Yes  No   

EPDC,  Kansai ,  
Sh ikoku  

Ki i  Channe l  Yes  No   

ESKOM Cabora  Bassa/ Apol l o  No    

F i ng ri d  Fenno-Skan/Rauma Yes  No   

F i ng ri d  Estl i nk/Esbo  Yes  No   

FURNAS  I taipu  HVDC l i nk/ I b i una  Yes  No   

Great  Ri ver Energy CU  Coal  Creek ,  D i ckinson  No    

Hydro-Quebec HQ_NEH/ N icol et,  Quebec  Yes  No   

KEPCO Chej u  I s l and / Haenam ,  Chej u  No    

LADWP Paci fi c  I n terti e/Sylmar No    

LADWP I PP/Adelan to  No    

Man i toba  Hyd ro  Nel son  Ri ver 1 /  Dorsey,  Rad isson  Yes  Yes   

Man i toba  Hyd ro  Nel son  Ri ver 2 / Dorsey,  Hensey Yes  Yes   

Moyle  
I n terconnection  Co  

Moyle  I n terconnection/  No    

MSEB  Chandrapur-Padghe/ Chandrapur Yes  Yes   

Nampower Capri vi  L i nk Yes  Yes   

National  G ri d  /  UK Cross  Channel /  Sel l i ndge  No    

New Eng land  Hydro  HQ_NEH/Sandy Pond  No    

New South  Wales  Broken  H i l l  No    
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Owner(s)  Project/  Name of converters  Answer 
received  

Any 
i ncident  

Comment  

/Austral i a  

Power Gri d  I nd i a  Rihand -Delh i /Rihand  Yes  Yes   

Power Gri d  I nd i a  Vizac  Yes  No   

Power Gri d  I nd i a  Vindhyachal  Yes  No   

FSK EES Vyborg  B-to-B  Yes  Yes   

Saud i  SGCIA No    

SGCC 3  Gorges-  Changzhou ,  

3  Gorges-Guandong ,  

3  Gorges-Shanghai  

No   On ly verbal l y 
i n formed  and  
therefore  not  
i ncl uded .  

SNEL I nga-Kolwezi /  

I nga,  Kolwezi  

No    

STATOIL  Trol l  1  and  2  Yes  No   

STATNET Skagerrak 1 /  Kri sti anssand  Yes  No   

STATNET Skagerrak 2/ Kri sti ansand  Yes  No   

STATNET Skagerrak 3/ Kri sti ansand  Yes  No   

Svenska  Kraftnät  Konti -Skan/ Li ndome Yes  No   

Svenska  Kraftnät  Fenno-Skan  1 /  Dannebo  Yes  Yes   

SwePol  l i nk operator SwePol  l i nk/ 

Stärno,  S l upsk 

Yes  No   

Terna  I ta l y-Greece/ Ga lati na  Sapei  Yes  Yes  Fal se  a l arm .  

Terna  Sacoi  Yes  No   

Terna  Sapei /  

Lati na,  F i ume Santo  

Yes  No   

Transpower /  NZ  DC Hybri de  l i nk/  Benmore,  Hayward  Yes  No   

VELCO H ighgate  No    

 

A.4  Reported  incidents   

A.4. 1  Overheating  of valve  components  due  to  reduced  cool ing   

Fai lure  of the  cool ing  system  for a  complete  converter i s  normal l y sensed  by external  
mon i toring  of flow,  temperature,  conductivi ty,  e tc.  However,  l ocal i zed  overheating  of some 
valve  components  can  occur as  a  resu l t of the  tota l  or partia l  l oss  of cool ing  to  part of a  va lve.  
The  l oss  of cool ing  may be  due  to  a  coolant l eak or partia l  b l ocking  of an  ind ividual  cool ing  
p ipe  or duct  wi th in  a  va lve.   

4  i ncidents  were  reported  u nder th is  category:   

a)  Scheme:  Nelson  River B ipole  1 ,  Dorsey HVDC substation  
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Date  2004-06-1 5  

Transm iss ion  capaci ty 1 800  MW 

HVDC substation  Dorsey 

Capaci ty forced  ou t  300  MW 

Cool i ng  med ium  Deion i zed  water 

Outage  du rati on  5 , 2  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  Saturable  reactor overheated  d ue  to  parti a l  b l ocking  of 
the  cool i ng  tubes  wi th i n  the  reactor.  The  event  was  
d i scovered  by a  bu rn ing  smel l ,  the  converter was  
tri pped  manua l l y.  No  damage  to  other components .  

 

b)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2009-01 -1 4  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  94, 5  h  

F i re  detection  (Aspi ration  system ,  etc. )  Group  protection  tri p  

Descripti on  De- ion i zed  water modu le  suppl y l i ne  broke  and  
sprayed  coolant  on to  thyri stor modu le,  causing  a  
fl ashover and  fi re.  F i ber opti cs  channel s  were  
damaged .  

 

c)  Scheme:  Paci fic  I n tertie ,  Cel i lo  HVDC substation  

Date  201 1 -07  

Transm iss ion  capaci ty 31 00  

HVDC substation  Cel i l o  

Capaci ty forced  ou t  2000  

Cool i ng  med ium  Deion i zed  water 

Outage  du rati on  1 2  h  

F i re  detection  (Aspi ration  system ,  etc. )  No  i n formation  

Descripti on  Snubber res i stor overheated  d ue  to  b l ocked  cool i ng  
water i n l et  p i pe  and  deve loped  a  coolan t  l eak wh ich  
was  not  d etected .  Leak water caused  a  l i ne  to  earth  
fau l t  wi th i n  the  va lve.  No  fi re,  bu t  extens ive  damage  to  
various  val ve  components.  
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d )  Scheme:  Nelson  River B ipole  2 ,  Henday  HVDC substation  

Date  201 1 -1 2-1 8  

Transm iss ion  capaci ty 2000  

HVDC substation  Henday 

Capaci ty forced  ou t  500  

Cool i ng  med ium  Deion i zed  water 

Outage  du rati on  31 5, 3  h  

F i re  detection  (Aspi ration  system ,  etc. )  Group  protection  tri p  

Descripti on  DIW modu le  suppl y l i ne  broke  and  sprayed  coolan t  
on to  thyri stor modu le,  caus ing  a  fl ashover and  
exp losion .  50%  of the  fi ber opti cs  channels  i ncl ud ing  
the  fi bers  and  36  thyri stors  were  destroyed .  

 

A.4.2  Valve  component fai lu res   

Converter va lves  are  constructed  from  a  number of components,  namely sem iconductor 
devices  ( thyristors  or I GBTs),  capaci tors ,  resistors,  reactors  and  gate  electron ics  ci rcu i t  
boards.  The  fai l u re  modes  of these  components  are  d i fferen t and  each  represents  a  d i fferen t 
l evel  of fi re  hazard .  On  the  other hand  capaci tors  usual l y contain  fl ammable  d ie lectric materia l  
and  therefore  are  a  speci fic hazard .  Reactors  and  res istors,  depend ing  on  the  mode  of fa i l u re,  
may cause  a  fi re  e i ther i n  the  fa i led  component i tsel f or by consequentia l  overheating  of an  
ad j acent component.  The  gate  e lectron ics  ci rcu i t boards  may cause  a  fi re  s im i l ar to  other 
valve  component fa i l u res.   

There  were  44  even ts  attribu ted  to  th is  category of fa i l u res.  

a)  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  1 997-02-1 2  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  250  MW 

Cool i ng  med ium  Ai r 

Outage  du rati on  4  h  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  Burnt  power res i stor 

 

b)  Scheme:  Nelson  River B ipole  2 ,  Dorsey HVDC substation  

Date  1 997-09-21  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Dorsey 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  3 , 9  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  pri n ted  ci rcu i t  board  (PCB)   
parti a l l y bu rn t  
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c)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  1 997-1 0-1 8  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  4 , 9  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

d)  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  1 998-09-1 8  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  

Cool i ng  med ium  Ai r 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  3  bu rn t  power res i stors.  Found  du ri ng  schedu led  
ou tage.  

 

e)  Scheme:  Skagerrak 2 ,  Tje le  HVDC substation  

 1 999-09-1 7  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  

Cool i ng  med ium  Ai r 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  2  bu rn t  power res i stors.  Found  du ri ng  schedu led  
ou tage.  

 

f)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  1 999-1 0-31  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  3 , 9  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  
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g )  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2000-06-30  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  2 , 2  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

h)  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  2000-09-1 1  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  

Cool i ng  med ium  Ai r 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Burnt  power res i stor.  Found  du ri ng  schedu l ed  ou tage.  

 

i )  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  2001 -05-04  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  

Cool i ng  med ium  Ai r 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Burnt  capaci tor.  

 

j )  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2001 -1 2-1 7  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  5 , 1  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  
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k)  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  2002-02-08  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  

Cool i ng  med ium  Ai r 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Burnt  power res i stor.  

 

l )  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2002-02-1 9  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  2 , 1  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

m) Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  2002-09-1 9  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  

Cool i ng  med ium  Ai r 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Burnt  capaci tor.  

 

Copyright International  Electrotechnical  Commission  



 – 48  – I EC TR 62757:201 5  © I EC 201 5  

n )  Scheme:  Rihand-Delh i ,  Rihand  HVDC substation  

Date  2003-04-06  

Transm iss ion  capaci ty 750  MW 

Pole  2  

Capaci ty forced  ou t  750  MW 

I tem  designation  P2.R.V1 .V4.A9.V1 .C1 1 /C1 2/C1 3  

Cool i ng  med ium  Water 

Outage  du rati on  Not  reported  

F i re  detection  (Aspi ration  system ,  etc. )  VESDA 

Descripti on  F i re  occu rred  i n  the  R-phase  of pole  2  at  posi ti on  
V1 .V4.A9.V1  capaci tors  C1 1 ,  C1 2  and  C1 3.  

Action  1 1  p i eces  of capaci tors  and  1 2  opti cal  fi bres  were  
repl aced .  

Observati on  On  rece ipt  of VESDA a larm ,  the  operator i n i ti ated  
“Emergency s top”  of the  pole  and  the  fi re  
exti ngu ished .  F i re  barriers  i n  the  modu le  had  
prevented  the  fi re  from  spread i ng  to  other modu l es .  

 

o)  Scheme:  Nelson  River B ipole  2 ,  Dorsey HVDC substation  

Date  2004-05-03  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Dorsey 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  5 , 0  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

p)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2005-07-01  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  3 , 4  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  
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q )  Scheme:  Thai land-Malaysia:  Kh long  Ngae  Thai l and  HVDC substation  

Date  2005-07-22  

Transm iss ion  capaci ty 30  MW 

HVDC substation  Kh long  Ngae  Thai l and  

Capaci ty forced  ou t  30  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  0 , 5  h  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  UV detector operated  due  to  burn t  thyri stor 
e l ectron ics .  

 

r)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2005-08-1 0  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  4 , 3  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

s)  Scheme:  Nelson  River B ipole  2 ,  Dorsey HVDC substation  

Date  2005-09-23  

Transm iss ion  capaci ty 2000  MW 

Converter station  Dorsey 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  Deion i zed  water 

Outage  du rati on  2 , 5  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

t)  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  2006-03-01  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  MW 

Cool i ng  med ium  Ai r 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Burnt  capaci tor and  power res i stor.  
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u )  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2006-03-29  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  3 , 9  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

v)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2006-03-30  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  3 , 9  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

w)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2006-1 0-06  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  3 , 4  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

x)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2007-05-1 5  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 .VY.V2.A1 5. T2  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst.  

Action  Repl aced  wi th  a  new one.  
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y)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2008-02-29  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 . B .V4.A1 2.T4  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst.  

Action  Capaci tor rack,  thyri stor e l ectron ics  PCB,  thyri stor and  
opti cal  fi bre  rep laced .  

 

z)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2008-02-29  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 .R.V4.A3.T5  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst.  

Action  Capaci tor rack and  opti cal  fi bre  replaced .  

 

aa)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2008-02-29  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 .R.V4.A5.T5  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst.  

Action  Capaci tor rack and  opti cal  fi bre  replaced .  
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bb)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2008-05-1 0  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 .VY.V2.A1 5. T2  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst. .  

Action  Capaci tor rack,  thyri stor e l ectron ics  PCB,  thyri stor and  
opti cal  fi bre  rep laced .  

 

cc)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2008-05-1 0  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 .VY.V2.A1 5. T6  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst.  

Action  Capaci tor rack,  thyri stor e l ectron ics  PCB,  thyri stor and  
opti cal  fi bre  rep laced .  

 

dd)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2008-05-25  

Transm iss ion  capaci ty 750  MW 

Pole  -  

Capaci ty forced  ou t  0  MW 

I tem  designation  VY.V2.A6.T4  &  VY.V2.A1 4.T3  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst  and  opti cal  fi bers  damaged .  

Action  Capaci tors  and  opti cal  fi bers  replaced .  
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ee)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2008-08-05  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  Deion i zed  water 

Outage  du rati on  3  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

ff)  Scheme:  Thai l and-Malaysia,  Kh long  Ngae  Thai land  HVDC substation  

Date  2008-08-1 8  

Transm iss ion  capaci ty 300  MW 

Capaci ty forced  ou t  30  MW 

Posi ti on  Phase  B  val ve,  t i er 1 R,  val ve  No  1 2 .  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  UV detector operated  due  to  burn t  thyri stor 
e l ectron ics .  

 

gg)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2009-01 -1 2  

Transm iss ion  capaci ty 750  MW 

Pole  2  

Capaci ty forced  ou t  0  MW 

I tem  designation  P2.VR.V2.A6.T3  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor bu rst  and  opti cal  fi bres  damaged .  

Action  Capaci tor and  opti cal  fi bre  repl aced .  
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hh)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2009-02-07  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 .VB.V1 .M1 6.T6  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor C3  and  C1 5  burst,  thyri stor e l ectron ics  PCB  
and  opti cal  fi bers  damaged .  

Action  Capaci tors,  thyri stor e l ectron ics  PCB  and  opti ca l  fi bers  
repl aced .  

 

i i )  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2009-02-07  

Transm iss ion  capaci ty 750  MW 

Pole  2  

Capaci ty forced  ou t  0  MW 

I tem  designation  P2.VB.V1 .A1 0. T6.C1 1  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  I P  and  FP  opti cal  fi bres  found  damaged  due  to  
capaci tor C1 1  bu rst.  

Action  Capaci tors,  thyri stor e l ectron ics  PCB  and  opti ca l  fi bres  
repl aced .  

 

j j )  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  2009-02-1 3  

Transm iss ion  capaci ty 500  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  G lycol  

Outage  du rati on  7  h  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  Burnt  capaci tor and  fi ber opti c  cable.  
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kk)  Scheme:  Thai land-Malaysia,  Kh long  Ngae  Thai l and  HVDC substation  

Date  2009-03-26  

Transm iss ion  capaci ty 300  MW 

Capaci ty forced  ou t  30  MW 

Cool i ng  med ium  Water 

Outage  du rati on  3  h  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  UV detector operated  due  to  burn t  thyri stor 
e l ectron ics .  

 

l l )  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2009-04-1 0  

Transm iss ion  capaci ty 750  MW 

Pole  1  

Capaci ty forced  ou t  0  MW 

I tem  designation  P1 .VY.V2.M1 5. T5,  P1 .VY.V2.M1 5.T6,  
P1 .VB.V1 .M1 .T1 ,  P1 .VB.V1 .M1 . T2/T3/T4/T5/T6  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  I P  and  FP  opti cal  fi bres  found  damaged  due  to  
capaci tor C1 1  bu rst.  

Action  Capaci tors,  thyri stor e l ectron ics  PCB  and  opti ca l  fi bers  
repl aced .  

 

mm) Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2009-04-1 0  

Transm iss ion  capaci ty 750  MW 

Pole  2  

Capaci ty forced  ou t  0  

I tem  designation  P2.R.V1 .M1 4. T3  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor C3  and  C1 4  found  burst.  

Action  Capaci tors  repl aced .  
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nn)  Scheme:  Chandrapur-Padghe,  Padghe  HVDC substation  

Date  2009-05-29  

Transm iss ion  capaci ty 750  MW 

Pole  2  

Capaci ty forced  ou t  0  MW 

I tem  designation  P2.R.V1 .M1 4. T3  

Cool i ng  med ium  Water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Capaci tor C3  and  C1 4  found  burst.  

Action  Capaci tors  repl aced .  

 

oo)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  201 0-04-1 7  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  5 , 7  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

pp)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  201 0-04-1 9  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  2 , 4  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  One  thyri stor e l ectron ics  PCB  parti a l l y bu rn t  

 

qq)  Scheme:  Skagerrak 1 ,  Tje le  HVDC substation  

Date  201 0-04-26  

Transm iss ion  capaci ty 500  MW 

HVDC substation  TJE  

Capaci ty forced  ou t  0  MW 

Cool i ng  med ium  G lycol  

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Burnt  capaci tor.  
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rr)  Scheme:  Caprivi  Li nk,  Gerus  HVDC substation  

Date  201 1 -07  

Transm iss ion  capaci ty 300  MW 

HVDC substation  Zambesi  

Capaci ty forced  ou t  5  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  Not  reported .  

F i re  detection  (Aspi ration  system ,  etc. )  Detected  by VESDA 

Descripti on  Cascad i ng  fa i l u re  of I GBTs  l ead ing  to  fl ashovers  and  
some  add i ti onal  d amages  to  the  val ve.  

 

A.4.3  Loose  or h igh  resistance connections  in  the  load  current carrying  circu i t   

Loose l oad  curren t bus  bar connections  wi th in  a  va lve  or i ns ide  the  valve  hal l  may l ead  to  
overheating .  I n  extreme cases  a  j o i n t may become open  ci rcu i ted  and  a  series  arc wi l l  
develop.  Whether i t  i s  an  overheated  connection  or a  series  arc i t  can  damage  ad j acent  
components  wh ich  can  lead  to  a  fi re.   

There  were  2  events  reported  for th is  type  of fai l u re:   

a)  Scheme:  Murray Link,  Berri  HVDC substation  

Date  2005-1 0-1 6  00: 20  

Transm iss ion  capaci ty 220  MW 

Capaci ty forced  ou t  Fai l u re  occu rred  d uri ng  start  u p.  

I tem  designation  Phase  C  Val ve  4  stack 4  

Cool i ng  med ium  Water 

Outage  du rati on  Not  reported  

F i re  detection  (Aspi ration  system ,  etc. )  The  VESDA (fi re  detection )  system  detected  smoke  i n  
enclosu re  housing  for phase  C.  

Descripti on  The  stack posi ti on  1 5  was  heavi l y bu rned  and  other 
damages  cou ld  be  seen  as  resu l t  from  the  arcing  on  
posi ti on  1 5.  The  fa i l ed  reported  IGBT were  Phase  C  
Valve  4 ,  S tack 4 ,  Posi ti on  1 1 ,  1 2 ,  1 3 ,  1 4 ,  1 5  and  1 7.  
Fi re  barriers  i n  the  modu le  had  prevented  the  fi re  from  
spread ing  to  other modu l es.  

Action  The  fai l ed  I GBTs  were  rep laced  and  the  owner was  
i nstructed  how to  exchange  the  I GBT wi thout  cracking  
i t.  

Observati on  The  cause  for the  fa i l u re  was  a  cracked  hybrid  and  the  
reason  for the  fai l u re  i s  most probabl y that  the  hybrid  
was  cracked  d u ri ng  rep lacement  of the  I GBT posi ti on  
and  not  detected  d uri ng  fi nal  testi ng .  
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b)  Scheme:  Storebael t,  Fraugde HVDC substation  

Date  201 1 -1 0-1 9  

Transm iss ion  capaci ty 600  MW 

HVDC substation  Fraugde  

Capaci ty forced  ou t  0  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  NA 

F i re  detection  (Aspi ration  system ,  etc. )  No  a l arms  

Descripti on  Overheated  fl exibl e  connection  between  val ve  modu l e  
and  busbar.  Found  duri ng  schedu led  ou tage.  

 

A.4.4  Fai lu re  of auxi l i ary ci rcu i t  electrical  connections   

Loose connections  wi th in  the  auxi l i ary ci rcu i ts  at a  thyristor l evel  may produce e i ther arcing  or 
overheating  at that connection .  Th is  type  of fai lu re,  i f undetected  for a  period  of t ime,  may 
i gn i te  ad j acent materia ls  l ead ing  to  a  fi re.   

There  was  1  event reported  due  to  th is  type  of fa i l u re.   

Scheme:  Caprivi  Li nk,  Zambesi  HVDC substation  

Date  201 1 -06  

Transm iss ion  capaci ty 300  MW 

HVDC substation  Zambesi  

Capaci ty forced  ou t  50  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  Not  reported  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  Bad  potential  contact to  corona  sh ie l ds  resu l ted  i n  
burn t  corona  sh i el d  connecti on  

 

A.4.5  Insu lation  fai lu res   

I nsu lation  fa i l u res  can  be  e i ther wi th in  a  va lve  or wi th in  or across  other equ ipment in  the  va lve  
hal l ,  such  as  bush ings  or vol tage  d ividers.  I n  both  cases  i t  i nvolves  a  shun t e l ectrical  arc that 
may l ead  to  a  fi re.  I nsu lation  fa i l u res  wi th in  a  va lve  can  be  the  resu l t of con tam ination ,  
i ncreased  hum id i ty or coolant l eak in  a  l i qu id  cooled  valve.  I nsu lation  fa i l u re  of other 
equ ipment such  as  bush ings  can  be  due  to  e i ther external  or i n ternal  flashover of the  
equ ipment.  The  fai l u re  of oi l -fi l l ed  equ ipment represen ts  a  major risk of fi re,  especia l l y i f i t  
l eads  to  i ts  puncture.   

There  were  9  events  reported  that involved  shunt  e lectrical  arcs  due  to  i nsu lation  fai l u re:   
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a)  Scheme:  Nelson  River B ipole  2 ,  Dorsey HVDC substation  

Date  1 997-1 0-1 4  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Dorsey 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  1 7, 6  h  

F i re  detection  (Aspi ration  system ,  etc. )  No  i n formation  

Descripti on  Rubber bumper moved  i n to  contact  wi th  e l ectri cal  
ci rcu i t  and  started  bu rn i ng ,  creati ng  smoke  and  soot.  
The  val ve  g roup  had  to  be  cl eaned .  

 

b)  Scheme:  Nelson  River B ipole  1 ,  Rad isson  HVDC substation  

Date  2001 -1 0-1 8  

Transm iss ion  capaci ty 1 800  MW 

HVDC substation  Rad isson  

Capaci ty forced  ou t  300  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  4 , 4  h  

F i re  detection  (Aspi ration  system ,  etc. )  No  i n formation  

Descripti on  Valve  berth  p i p i ng  caught  fi re.  Cause  unknown  

 

c)  Scheme:  Nelson  River B ipole  1 ,  Rad isson  HVDC substation  

Date  2005-01 -21  

Transm iss ion  capaci ty 1 800  MW 

HVDC substation  Rad isson  

Capaci ty forced  ou t  300  MW 

Cool i ng  med ium  Deion i zed  water 

Outage  du rati on  40, 5  h  

F i re  detection  (Aspi ration  system ,  etc. )  No  i n formation  

Descripti on  Fai l u re  of an  oi l -fi l l ed  wal l  bush ing  caused  rupture  of 
the  ou ts ide  porcel a in  and  a  smal l  fi re.  No  i n ternal  
l eakage  or fi re.  

 

d)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2005-1 1 -08  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  Deion i zed  water 

Outage  du rati on  5 , 8  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  Reactor modu le  i sol ati ng  rod  and  equ ipoten ti al  copper 
brai d  both  bu rn t  open .  No  fu rther d amage  
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e)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2005-1 1 -1 3  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  7 , 5  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  Reactor modu le  i sol ati ng  rod  and  equ ipoten ti al  copper 
brai d  both  bu rn t  open .  No  fu rther d amage  

 

f)  Scheme:  Nelson  River B ipole  2 ,  Henday HVDC substation  

Date  2005-1 1 -22  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Henday 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  5 , 3  h  

F i re  detection  (Aspi ration  system ,  etc. )  “Manual l y”  (burn ing  smel l )  

Descripti on  Reactor modu le  i sol ati ng  rod  and  equ ipoten ti al  copper 
brai d  both  bu rn t  open .  No  fu rther d amage  

 

g)  Scheme:  Nelson  River B ipole  2 ,  Dorsey HVDC substation  

Date  2009-01 -20  

Transm iss ion  capaci ty 2000  MW 

HVDC substation  Dorsey 

Capaci ty forced  ou t  500  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  1 6, 4  h  

F i re  detection  (Aspi ration  system ,  etc. )  Valve  protection  tri p  

Descripti on  A rubber bumper got  l oose,  fel l  across  the  e l ectri cal  
ci rcu i t  of a  thyri stor modu le  and  started  bu rn i ng ,  
creati ng  smoke  and  soot  wi th i n  the  va lve.  Clean i ng  
and  rep lacement  of one  thyri stor modu le  was  requ i red .  

 

h)  Scheme:  Fenno-Skan  1 ,  Dannebo HVDC substation  

Date  201 2-1 0-06  

Transm iss ion  capaci ty 0  MW 

HVDC substation  Dannebo  

Capaci ty forced  ou t  0  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  Not  reported .  

F i re  detection  (Aspi ration  system ,  etc. )  Detected  by VESDA 

Descripti on  Valve  hal l  opti cal  fi ber channel  caught fi re  du ri ng  
preparation  for open  l i ne  test,  due  to  too  h i gh  hum id i ty 
i n  va l ve  hal l .  
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i )  Scheme:  Vyborg  back-to-back HVDC substation  

Date  2004-06-1 0  

Transm iss ion  capaci ty 300  MW 

Converter Back-to-Back Un i t  KVPU  4  

Capaci ty forced  ou t  300  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  48  h  

F i re  detection  (Aspi ration  system ,  etc. )  No  i n formation .  

Descripti on  The  l eak of de-ion i zed  water from  a  wel ded  seam  of 
the  cool er case.   E l ectri c  arc and  water vapour 
resu l ted  i n  numerous  fl ashovers  between   ad jacent  
thyri stor modu l es  i ns i de  the  val ve  and  the  g round i ng  
contou r wh ich  caused  the  protection  operation .  

Action  Three  thyri stor val ve  modu les  were  repl aced .  

Observati on  The  considerabl e  number of va l ve  fau l ts  was  caused  
by “bu rn i ng  ou t”  p l u g-and -sockets  of thyri stor 
e l ectron ics  resu l ti ng  i n  fa i l u res  of thyri stor l evel s  and  
i n  va l ve  protection  operation .  As  a  ru l e  the  g reatest  
damage  took p l ace  d ue  to  a  d rop  l eak on  the  upper 
l evel s  of the  val ve  causing  fa i l u res  of l ower val ve  
modu les .  40  thyri stor modu les  were  repl aced  d ue  to  
such  fai l u res  at  a l l  fou r complete  converter back-to-
back un i ts  (KVPU)  of the  Vyborg  Back-to-Back HVDC 
substation  du ri ng  2000-201 2.  The  ou tage  du rati on  was  
from  2  h  to  48  h .  

 

A.4.6  Fai lu res  of equ ipment associated  with  the  valve hal l  

There  was  1  event  reported  due  to  th is  type  of fa i l u re.   

Scheme:  Skaggerrak 2  Tje le  HVDC substation  

Date  2006-01 -30  

Transm iss ion  capaci ty 250  MW 

HVDC substation  Tje le  

Capaci ty forced  ou t  0  MW 

Cool i ng  med ium  Ai r 

Outage  du rati on  0  MW 

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  Defect motor beari ngs  i n  va l ve  hal l  ven ti l ati on .  
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A.4.7  False alarms  

There  were  4  fa lse  a larm  events  reported .   

a)  Scheme:  I ta l y-Greece:  Galatina  HVDC substation  

Date  2001  

Transm iss ion  capaci ty Not  reported  

HVDC substation  Galati na  

Capaci ty forced  ou t  Not  reported  

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  Not  reported  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  Fal se  a l arm  due  to  fi re  i n  the  neighbourhood .  

 

b)  Scheme:  Thai l and-Malaysia:  Kh long  Ngae  Thai land  HVDC substation  

Date  2005-08-1 8  

Transm iss ion  capaci ty 30  MW 

HVDC substation  Kh long  Ngae  Thai l and  

Capaci ty forced  ou t  30  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  6 , 5  h  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  UV detector i ns i de  val ve  hal l  operated .  No  fi re  
occurred/detected .  

 

c)  Scheme:  Ba l tic  Cable:  Herrenwyk HVDC substation  

Date  2006-01 -30  

Transm iss ion  capaci ty Not  reported  

HVDC substation  Herrenwyk 

Capaci ty forced  ou t  Not  reported  

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  Not  reported  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  Fal se  a l arm  due  to  fi re  i n  the  neighbourhood .  
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d )  Scheme:  Vancouver I s l and :  VIT  HVDC substation  

Date  201 0-1 2-01  

Transm iss ion  capaci ty 270  MW 

HVDC substation  VI T 

Pole  2  

Capaci ty forced  ou t  270  MW 

Cool i ng  med ium  De- ion i zed  water 

Outage  du rati on  Not  reported  

F i re  detection  (Aspi ration  system ,  etc. )  Pre-warn i ng  

Descripti on  On  201 0-1 2-01 ,  there  reported  some smoke  i n  Pole  2  
val ve  hal l  at  VI T prior to  val ve  b locking .  So  far,  we  
have  not  been  able  to  confi rm  the  root causes  of the  
smoke.  After an  extensive  exam ination  of a l l  the  
components  i n vol ved ,  we  found  no  burned  
components  or materi a l s .  

Action  A subsequent experimentati on  suggested  that  d ust  
settl i ng  on  a  snubber res i stor’ s  surface  can  be  a  
source  of combustion  materi a l  resu l ted  i n  smoke  when  
th i s  e l ement  heated  up.   

Al so,  we  found  the  fi re  detecti on  system  worked  q u i te  
wel l ,  though  on  the  extreme sens i ti ve  s i de.  

 

A.4.8  Unknown  causes   

There  was  1  fi re  i ncident wi th  unknown  cause  reported .  

Scheme:  S ino-Russia  Back-to-Back 

Date  201 1 -1 2  

Transm iss ion  capaci ty 750  MW 

HVDC substation  Heihe  

Commission ing  year 201 2  

Capaci ty forced  ou t  75  MW 

Cool i ng  med ium  Water/G lycol  

Outage  du rati on  Not  reported  

Descripti on  During  commission ing ,  several  modu les  of one  phase  
were  bad l y damaged  d ue  to  a  fi re  that  s tarted  i n  the  
reg ion  of the  damping  capaci tors .   The  affected  
damping  capaci tors,  any structu ra l  components,  and  
m inor assorted  components ,  were  replaced .   
Remain ing  components  were  cl eaned ,  and  the  
thyri stor val ve  equ i pment reassembled .   .  

Descripti on  2  During  repeat  comm ission ing ,  a  second  fi re  started  i n  
the  reg ion  of the  damping  capaci tor,  bu t  was  qu ickly 
spotted  and  exti ngu ished .  

Action  I n  both  i nstances,  the  fi re  i s  be l i eved  to  have  s tarted  
due  to  a  poor connecti on .  

 

A.5  Conclusion  and  recommendations  

The amoun t of recentl y reported  fi re  i ncidents  wi th in  HVDC converter va lves  and  valve  hal l s  
shows  that fi re  prevention  i n  valve  hal l s  for HVDC is  s ti l l  very much  needed .  Exam ination  of 
the  events  reported  shows  that no  even t had  occurred  due  to  overload  or operation  of the  
converter ou ts ide  the  des ign  l im i ts.  After i nsta l l ation  of a i r sampl i ng  systems  and/or UV 
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detectors  a l l  recent  events  were  detected  before  developing  in to  a  cri ti cal  s i tuation .  Before  
th is  a l l  i ncidents  e i ther were  d iscovered  by the  operati ng  personnel  and  manual  i n terven tion  
was  necessary or the  converter was  tripped  by a  converter protection .  Sti l l  on  many HVDC 
schemes  the  a larm  setti ngs  may be  too  coarse  for earl y in tervention  leaving  many fi re  
i nciden ts  to  the  detection  and  manual  i n tervention  of operational  personnel .  Th is  h i gh l i gh ts  
the  importance  of a  sens i ti ve  fi re  detection  system  and  i ts  carefu l  setti ng  up  during  i ts  
comm ission ing .  For converter valves  of o lder des ign ,  where  valve  materia l  does  not se l f-
extingu ish ,  fi re  barriers  may sti l l  be  va luable  to  avoid  spread  of fi re.   

The  poten tia l  and  actual  fi re  i ncidents  described  i n  Annex A clearl y demonstrate  that fi re  can  
occur wi th in  valves  and  valve  ha l l s .   Al though  65  fi re  i nciden ts  were  reported  between  1 999  to  
201 2  rough l y on l y 60%  of u ti l i ties  answered  the  request to  presen t i n formation  on  fi re  even ts.  

From  the  number of i ncidents  reported  i t  i s  concluded  that the  recommended  actions  are  
requ ired  to  make HVDC converter valve  ha l l s  secure  against the  consequences  of fi re  
damage.  Most reported  fi re  i ncidents  re late  to  valve  designs  that were  made  before  the  
publ ication  of CIGRÉ Techn ical  Brochure  1 36,  suggesting  that the  recommendations  wi th in  
th is  report have  substan tial l y reduced  the  risk of fi re  wi th in  converter valves  and  valve  hal ls .  
Another conclus ion  that can  be  d rawn  from  the  s tatis tics  of reported  fi re  i ncidents  i s  that the  
a i r sampl ing  systems  and /or UV detection  systems,  etc.  have  cons iderabl y con tributed  to  
avoid ing  major valve  hal l  fi res,  a l though  the  statistics  demonstrate  that the  fi re  a larm  and  trip  
l evels  must be  more  carefu l l y ad j usted  during  commission ing  i n  order to  detect any i ncipient  
fi re  as  earl y as  poss ible .  

The  fol lowing  recommendations  can  be  made:  

1 )  Sem iconductor va lves  shou ld  use  materia ls  and  des ign  practices  that m in im i ze  the  risk of 
fi re  and  a im  to  prevent a  fi re  from  spread ing  wi th in  the  valve.   

2)  O i l -fi l l ed  equ ipment shou ld  be  excluded  from  the  valve  hal l s.   

I n  order to  re l iabl y detect fi res  and  de-energ ise  the  equ ipment,  a  fu l l y i n tegrated  fi re  detection  
and  equ ipment supervis ion  system  shou ld  be  i nstal led  to  provide  two or more  (preferabl y 
i ndependent)  means  of veri fying  that  a  fi re  exists ,  together wi th  visual  confi rmation .  
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