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INTRODUCTION  

a)  Techn ical  background,  main  i ssues  and  organ ization  of the  standard  

I EC 60964: 1 989  was  developed  to  suppl y requ irements  re levant to  the  des ign  of the  main  
con trol  room  of NPPs.  The  fi rst ed i ti on  of I EC 60964  has  been  used  extens ivel y wi th in  the  
nuclear i ndustry.  I t  was  however recogn ized  that recent techn ical  developments  especial l y 
those  wh ich  are  based  on  software  technology shou ld  be  i ncorporated .  I t  was  a lso  recogn ized  
that the  re lati onsh ips  wi th  derivative  standards  ( i . e.  I EC 61 227,  I EC  61 771 ,  I EC  61 772 ,  
I EC 61 839,  and  I EC  62241 )  shou l d  be  clari fied  and  cond i ti oned .  

Th is  I EC standard  speci fi cal l y focuses  on  the  functional  des ign ing  of the  main  con trol  room  of 
NPPs.  I t  i s  i n tended  that the  Standard  be  used  by NPP  vendors,  u ti l i t ies ,  and  by l i censors.  

b)  Si tuation  of the  current standard  in  the  structure of the  IEC  SC  45A standard  series  

I EC 60964  is  the  second  l evel  I EC SC 45A document tackl i ng  the  generic i ssue  of con trol  
room  des ign .  

I EC 60964  is  to  be  read  i n  association  wi th  the  derivati ve  s tandards  mentioned  above wh ich  
are  the  appropriate  I EC  SC 45A documents  wh ich  provide  gu idance on  operator con trols ,  
veri fication  and  val idations  of des ign ,  appl ication  of visual  d isplay un i ts,  functional  anal ys is  
and  ass ignment,  and  a larm  functions  and  presentation .  

For more  detai l s  on  the  structu re  of the  I EC SC 45A standard  series,  see  i tem  d )  of th is  
i n troduction .  

c)  Recommendations  and  l im itations  regarding  the  appl ication  of the  Standard  

This  standard  i s  i n tended  for appl ication  to  new control  rooms  whose conceptual  design  i s  
i n i tiated  after the  publ ication  of th is  s tandard .  The  recommendations  of the  s tandard  may be  
used  for refi ts,  upgrades  and  mod i fications.  

The  primary purpose  of th is  standard  i s  to  provide  functional  design  requ i rements  to  be  used  
i n  the  des ign  of the  main  con trol  room  of a  nuclear power p lan t to  meet operational  and  safety 
requ irements .  

Th is  standard  a lso  provides  functional  i n terface  requ i rements  wh ich  re late  to  con trol  room  
staffi ng ,  operati ng  procedures  and  the  train ing  programme wh ich  are,  together wi th  the  
human-mach ine  i n terface,  consti tuen ts  of the  control  room  system .  

To  ensure  that the  Standard  wi l l  con tinue  to  be  re levant i n  fu ture  years,  the  emphasis  has  
been  p laced  on  issues  of pri ncip l e,  rather than  speci fic technolog ies .   

d)  Description  of the  structure of the  IEC  SC  45A standard  series  and  relationsh ips  wi th  
other IEC  documents  and  other bod ies  documents  ( IAEA,  ISO)  

The top- l evel  document of the  I EC SC  45A standard  series  is  I EC  61 51 3.  I t  provides  general  
requ irements  for I &C systems and  equ ipment that are  used  to  perform  functions  important  to  
safety i n  NPPs.  I EC  61 51 3  s tructures  the  I EC  SC 45A standard  series.   

I EC 61 51 3  refers  d i rectl y to  other I EC SC  45A standards  for general  top ics  related  to  
categorization  of functions  and  classi fication  of systems,  qual i fication ,  separation  of systems,  
defence against  common  cause  fa i l u re,  software  aspects  of computer-based  systems,  
hardware  aspects  of computer-based  systems,  and  con trol  room  design .  The  s tandards  
referenced  d i rectl y at th i s  second  l evel  shou ld  be  cons idered  together wi th  I EC 61 51 3  as  a  
consisten t document set.  
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At a  th i rd  l evel ,  I EC SC  45A standards  not d i rectl y referenced  by I EC 61 51 3  are  s tandards  
re lated  to  speci fic equ ipment,  techn ica l  methods,  or speci fic  acti vi ti es.  Usual l y these  
documents,  wh ich  make reference  to  second-level  documents  for general  top ics ,  can  be  used  
on  their own .  

A fourth  l evel  extend ing  the  I EC  SC 45  s tandard  series  corresponds  to  the  Techn ica l  Reports  
wh ich  are  not normative.  

I EC 61 51 3  has  adopted  a  presentati on  format s im i lar to  the  bas ic safety publ ication  
I EC 61 508  wi th  an  overal l  safety l i fe-cycle  framework and  a  system  l i fe-cycle  framework and  
provides  an  i n terpretation  of the  general  requ i rements  of I EC  61 508-1 ,  I EC 61 508-2  and  
IEC 61 508-4,  for the  nuclear appl ication  sector.  Compl iance  wi th  I EC 61 51 3  wi l l  faci l i tate  
cons istency wi th  the  requ i rements  of I EC 61 508  as  they have  been  i n terpreted  for the  nuclear 
i ndustry.  I n  th is  framework IEC  60880  and  I EC 621 38  correspond  to  I EC 61 508-3  for the  
nuclear appl ication  sector.  

I EC 61 51 3  refers  to  I SO  as  wel l  as  to  I AEA 50-C-QA (now replaced  by I AEA GS-R-3)  for 
topics  re lated  to  qual i ty assurance (QA).  

The  I EC SC  45A standards  series  consisten tl y implements  and  detai l s  the  princip les  and  
bas ic safety aspects  provided  i n  the  I AEA code  on  the  safety of NPPs  and  i n  the  I AEA safety 
series ,  i n  particu lar the  Requ i rements  NS-R-1 ,  establ ish ing  safety requ irements  re lated  to  the  
des ign  of Nuclear Power P lan ts,  and  the  Safety Gu ide  NS-G-1 . 3  deal ing  wi th  i nstrumentation  
and  con trol  systems  importan t to  safety i n  Nuclear Power P lan ts.  The  term inology and  
defin i tions  used  by SC 45A standards  are  consisten t wi th  those  used  by the  I AEA.  
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NUCLEAR POWER PLANTS –  
CONTROL ROOMS –  

DESIGN   
 
 
 

1  Scope and  object 

This  I n ternational  Standard  establ ishes  requ i rements  for the  human-mach ine  i n terface  in  the  
main  con trol  rooms  of nuclear power p lan ts .  The  standard  a lso  establ ishes  requ i rements  for 
the  selection  of functions,  des ign  cons ideration  and  organ ization  of the  human-mach ine  
i n terface  and  procedures  wh ich  shal l  be  used  systematical l y to  veri fy and  val i date  the  
functional  des ign .  These  requ i rements  reflect the  appl ication  of human  factors  eng ineering  
princip les  as  they apply to  the  human-mach ine  i n terface  during  normal  and  abnormal  p l an t 
cond i tions.  Th is  standard  does  not cover specia l  purpose  or normal l y unattended  control  
poin ts ,  such  as  those  provided  for shu tdown  operations  from  outs ide  the  main  control  room  or 
for rad ioactive  waste  hand l i ng ,  or emergency response faci l i ti es.  Detai led  equ ipment des ign  i s  
ou ts ide  the  scope of th is  standard .  

The  primary purpose  of th is  standard  i s  to  provide  functional  design  requ i rements  to  be  used  
i n  the  des ign  of the  main  con trol  room  of a  nuclear power p lan t to  meet operational  and  safety 
requ i rements .  Th is  standard  a lso  provides  functional  i n terface  requ irements  wh ich  re late  to  
con trol  room  staffi ng ,  operating  procedures,  and  the  tra in ing  programmes wh ich ,  together wi th  
the  human-mach ine  in terface,  consti tu te  the  con trol  room  system .  

Th is  standard  i s  i n tended  for appl ication  to  new control  rooms  whose conceptual  design  i s  
i n i tiated  after the  publ ication  of th i s  standard .  I f i t  i s  des ired  to  appl y i t  to  an  existi ng  control  
room ,  specia l  caution  must be  exercised  so  that the  design  basis  i s  kept  cons isten t.  

2  Normative references  

The  fol l owing  referenced  documents  are  i nd ispensable  for the  appl icati on  of th is  document.  
For dated  references,  on ly the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl i es.  

I EC 60709,  Nuclear power plants – Instrumentation and control systems important to safety – 
Separation  

I EC  60780,  Nuclear power plants – Electrical equipment of the safety system – Qualification  

I EC  60960,  Functional design criteria for a  safety parameter display system for nuclear power 
stations  

I EC  60965,  Supplementary control points for reactor shutdown without access to the main 
control room  

I EC  60980,  Recommended practices for seismic qualification of electrical equipment of the 
safety system for nuclear generating stations  

I EC  61 225,  Nuclear power plants – Instrumentation and control systems important for safety – 
Requirements for electrical supplies 

I EC 61 226,  Nuclear power plants – Instrumentation and control important to safety – 
Classification of instrumentation and control functions 
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I EC 61 227,  Nuclear power plants – Control rooms – Operator controls  

I EC  61 51 3,  Nuclear power plants – Instrumentation and control for systems important to 
safety – General requirements for systems  

I EC 61 771 ,  Nuclear power plants – Main  control room – Verification  and validation  of design   

I EC  61 772,  Nuclear power plants – Main control room – Application of visual display units 
(VDU)  

I EC 61 839,  Nuclear power plants – Design of control rooms – Functional analysis and 
assignments   

I EC  62241 ,  Nuclear power plants – Main  control room – Alarm functions and presentation 

I SO  1 1 064  (a l l  parts),  Ergonomic design of control centres 

IAEA NS-G-1 . 3 ,  Instrumentation and control systems important to safety in  Nuclear Power 
Plants,  2002 

IAEA NS-G-1 . 9,  Design of the reactor coolant system and associated systems in  nuclear 
power plants 

IAEA,  NS-G-1 . 1 1 ,  Protection against internal hazards other than fires and explosions in  the  
design of nuclear power plants 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  For other terms,  
refer to  the  general  term inology defi ned  in  I EC  61 51 3  and  in  the  I AEA NUSS  programme,  
such  as  Safety Gu ide  NS-G-1 . 3 .  

3. 1   
alarms 
an  i tem  of d iagnostic,  prognostic,  or gu idance i n formation ,  wh ich  i s  used  to  a lert the  operator 
and  to  d raw h is  or her atten tion  to  a  process  or system  deviation .   

NOTE  Speci fi c  i n formation  provi ded  by a l arms  i ncl udes  the  exi stence  of an  anomaly for wh ich  correcti ve  action  
m ight  be  needed ,  the  cause  and  poten ti al  consequences  of the  anomaly,  the  overal l  p l an t  s tatus ,  correcti ve  action  
to  the  anomaly,  and  feedback of correcti ve  actions.  

Two types  of d evi ation  may be  recogn ised :  

– Unpl anned  -  U ndesi rable  process  deviati ons  and  equ ipment  fau l ts ;  

– P lanned  -  Devi ations  i n  process  cond i ti ons  or equ ipment  status  that  are  the  expected  response  to  bu t  cou l d  be  
i nd icati ve  of undesi rabl e  p l an t  cond i ti ons.  

[I EC  62241 ]  

3.2   
auxi l iary control  (operating)  systems  

operating  systems that are  i nstal led  ou ts ide  the  con trol  room  such  as  l ocal -to-plan t con trol  
poin ts  and  l ocal -to-p lant  shu tdown  systems  

3.3   
control  room  staff 
a group of p lan t personnel  s tationed  i n  the  control  room ,  who are  responsible  for ach ieving  
the  p lant operational  goals  by control l ing  the  p l an t through  the  human-mach ine  i n terface.  
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Typical l y,  the  con trol  room  staff consists  of supervisory operators,  and  operators  who actual l y 
man ipu late  con trols  bu t may a lso  i nclude  those  staff members  and  experts  who are  au thorized  
to  be  present i n  the  con trol  room ,  e. g .  during  l ong  l asti ng  event sequences  

3.4   
control  room  system  
an  in tegration  of the  human-mach ine  in terface,  the  con trol  room  staff,  operating  procedures,  
tra in ing  programme,  and  associated  faci l i ti es  or equ ipment wh ich  together susta in  the  proper 
function ing  of the  control  room  

3.5   
controls  

devices  wh ich  the  operator uses  to  send  demand  s i gnals  to  con trol  systems  and  p lan t i tems  

NOTE  Control s  as  defi ned  i n  th i s  s tandard  ( i . e.  devices  used  for contro l  actions)  hol d  a  d i fferen t mean ing  from  the 
one  defi ned  i n  the  I AEA safety G lossary and  are  not  replaceable.  

3.6   
d isplays  

devices  used  for mon i toring  plant cond i ti ons  and  s tatus,  e. g .  process  status,  equ ipment status  

3.7   
format  (d isplay format)  
a pictoria l  d isplay of i n formation  on  a  visual  d isplay un i t (VDU)  such  as  message text,  d i g i tal  
presentation ,  symbols,  m im ics,  bar-charts,  trend  g raphs,  poin ters,  mu l ti -angu lar presentation  

3.8   
function  
speci fic purpose  or objecti ve  to  be  accompl ished ,  that can  be  speci fi ed  or described  wi thout 
reference  to  the  phys ica l  means  of ach ieving  i t  

[I EC  61 226]  

3.9   
functional  analysis  
the  exam ination  of the  functional  goals  of a  system  wi th  respect to  avai lable  manpower,  
technology,  and  other resources,  to  provide  the  bas is  for determ in ing  how the  function  may be  
assigned  and  execu ted  

3. 1 0   
functional  goal  
the  performance  objecti ves  that shal l  be  satisfied  to  ach ieve  the  correspond ing  function  

3. 1 1   
h ierarchical  goal  structure  
relationsh ip  between  a  functional  goal  and  sub-functional  goals  structured  in  a  h ierarch ical  
order 

3. 1 2   
h igh-level  mental  processing  

human  act to  process  and/or i n terpret  i n formation  to  obta in  reduced  abstract i n formation  

3. 1 3   
human-machine  i n terface 
the  in terface  between  operating  s taff and  I &C system  and  computer systems  l i nked  wi th  the  
p lant.  The  i n terface  i ncludes  d isp lays,  controls ,  and  the  Operator Support System  i n terface  
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3. 1 4  
I&C  system  
system ,  based  on  e lectrical  and /or e lectron ic and /or programmable  e lectron ic technology,  
perform ing  I &C  functions  as  wel l  as  service  and  mon i toring  functions  re lated  to  the  operation  
of the  system  i tsel f.  

The  term  is  used  as  a  general  term  wh ich  encompasses  a l l  e lemen ts  of the  system  such  as  
i n ternal  power suppl ies,  sensors  and  other i npu t devices,  data  h i ghways  and  other 
communication  paths,  i n terfaces  to  actuators  and  other ou tput devices.  The  d i fferen t functions  
wi th i n  a  system  may use  ded icated  or shared  resources.  

NOTE  1  The  e l ements  i ncl uded  i n  a  speci fi c  I &C system  are  defi ned  i n  the  speci fi cati on  of the  boundari es  of the  
system .   

NOTE  2  Accord i ng  to  thei r typical  functional i ty,  I AEA d i stingu ishes  between  au tomation  and  con trol  systems,  HMI  
systems,  i n terlock systems  and  protecti on  systems.  

[I EC  61 51 3]  

3. 1 5   
j ob  
a set of tasks  wh ich  are  operational l y related .  The  tasks  wi th in  a  j ob  shou ld  be  coheren t wi th  
regard  to  requ ired  ski l l ,  knowledge  and  responsibi l i ty 

3. 1 6   
job  analysis  
an  anal ys is  i den ti fying  bas ic requ i rements  wh ich  a  j ob  imposes  on  the  control  room  staff 
structu re,  the  operating  procedures  and  tra in ing  programme 

3. 1 7   
local  control  points  (or faci l i ti es)  
points  (or faci l i ti es)  l ocated  ou ts ide  the  con trol  room  where  local  operators  perform  control  
acti vi ti es  

3. 1 8   
local  operators  

the  operati ng  s taff that  perform  tasks  ou ts ide  the  con trol  room  

3. 1 9   
operating  procedures  
a set  of documents  speci fying  operational  tasks  i t  i s  necessary to  perform  to  ach ieve  
functional  goals  

3.20   
operating  staff 
plant personnel  working  on  sh i ft to  operate  the  p lan t.  The  operating  s taff i ncludes  the  con trol  
room  staff,  main tenance eng ineers ,  etc.  

3.21   
operator in teraction  
i n terrelation  between  operator and  the  I &C system .  Speci fical l y,  d isplay of pl an t status  by the  
I&C system  and  correspond ing  operator action  

3.22   
Operator Support System  (OSS)  
a system  or systems  supporting  the  h i gh- level  mental  i n formation  process ing  tasks  ass igned  
to  the  con trol  room  staff 
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3.23   
performance requ irements  
quanti tati ve  requ i rements  speci fying  performance  of tasks  wh ich  ensure  the  ach ievement of 
functional  goals  

3.24  
plant operational  goals  
u l timate  purposes  of p lant des ign ,  i . e.  con trol l ed  generation  of e l ectrici ty and  l im i tation  of 
re lease  of rad ioactivi ty to  the  environment 

3.25   
population  stereotype  
the  tendency for most persons  in  a  group or popu lation  to  g i ve  the  same response to  a  
particu lar stimu lus,  even  when  there  are  a l ternati ve  responses.  The  popu lation  s tereotype  
depends  on  the  customs  and  habi ts  of the  popu lation  sampled  

3.26   
task analysis  
a detai led  description  of an  operator’s  task,  i n  terms  of i ts  components,  to  speci fy the  detai l ed  
human  acti vi ties  i nvolved ,  and  the ir functional  and  temporal  relationsh ips  

3.27   
tasks  
actions  performed  by e i ther human  or mach ine  for the  accompl ishment of a  functional  goal  

3.28   
train ing  programme 
a programme wh ich  i s  des igned  to  tra in  the  con trol  room  staff so  that they can  acqu i re  the  
ski l l s  and  knowledge  necessary for operational  acti vi ti es  

3.29   
val idation  
the  process  of determ in ing  whether a  product or service  i s  adequate  to  perform  i ts  i n tended  
function  satisfactori l y.   

Val i dation  i s  broader i n  scope,  and  may i nvolve  a  greater e lement of j udgement,  than  
veri fication .  

[I AEA Safety G lossary,  2007  ed i ti on ]  

3.30   
veri fication  
the  process  of determ in ing  whether the  qual i ty or performance of a  product or service  i s  as  
stated ,  as  i n tended  or as  requ i red  

[I AEA Safety G lossary,  2007  ed i ti on ]  

3.31   
Visual  Display Un i t  (VDU)  

a type  of d isp lay i ncorporating  a  screen  for presen ting  computer-driven  images  

4 Standard  use 

This  cl ause  i s  provided  to  orient the  user to  the  organ ization  and  focus  of th is  s tandard .  
F i gure  1  shows  an  overview of a  control  room  system .  The  goal  of a  con trol  room  design  team  
is  the  successfu l  completion  of an  i n tegrated  con trol  room  system .  The  con trol  system  is  an  
i n tegration  of the  human-mach ine  i n terface,  con trol  room  staff,  operati ng  procedures,  tra in ing  
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programme and  the  associated  equ ipment and  faci l i ties .  Annex A provides  a  supplementa l  
explanation  concern ing  the  concept of the  control  room  system .  

The  focus  of th is  s tandard  i s  the  establ ishment of the  human-mach ine  i n terface  i n  the  control  
room  design .  The  standard  a lso  establ ishes  a  means  for developing  staffing  requ irements ,  
operati ng  procedures  and  a  tra in ing  programme bu t does  not provide  deta i l ed  methodology 
for such  development.  The  various  clauses  and  subclauses  of th is  s tandard  are  developed .  

After the  scope,  statements  and  speci fications  of des ign  pri ncip les,  the  design  process  i s  
shown  in  F igure  2  to  i ncl ude  functional  anal ys is ,  function  ass ignment,  function  ass ignment 
veri fication ,  function  assignment va l idation  and  j ob  anal ys is .  Then ,  the  functional  des ign  
speci fications  are  developed  as  shown  in  F igure  2 .  

From  these  speci fications,  the  detai l ed  des ign ,  operating  procedures  and  tra in ing  programme 
are  developed .  F i na l l y,  the  resu l tan t system  consti tuents  are  veri fied  and  the  i n tegrated  
con trol  room  system  va l idated .  

Th is  standard  i s  addressed  to  the  control  room  des igner.  Th is  refers  not necessari l y to  a  
s i ng le  person ;  typ ical l y i t  i s  implemented  by a  des ign  team  wh ich  comprises  a  variety of 
competencies  and  d iscip l i nes.  Th is  i ncl udes  at l east the  fol l owing  areas:  

•  nuclear eng ineering ;  

•  arch i tectural  des ign  and  ci vi l  eng ineering ;  

•  systems eng ineering ;  

•  I &C systems;  

•  i n formation  and  computer systems;  

•  human  factors  eng ineering ;  

•  p lant  operations;  

•  tra in ing .  

These  competencies  may be  provided  by permanent or temporary team  members,  or even  by 
consu l tants .  
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Figure 1  – Overview of control  room  system  
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Figure 2  – Overal l  design  process  and  the relationsh ip  
to  clauses  and  subclauses  of th is  standard  
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5 Design  principles  for the main  control  room 

5. 1  Main  objectives  of the  main  control  room 

The  nuclear power p lan t obj ecti ve  i s  that i t  can  be  operated  safel y and  efficientl y from  the  
main  control  room  i n  a l l  p l an t operational  states  and  accident cond i tions.  The  main  control  
room  provides  the  con trol  room  staff wi th  the  human-mach ine  i n terface  and  related  
i n formation  and  equ ipment,  e . g .  the  communication  i n terface,  wh ich  are  necessary for the  
ach ievement of the  p lan t operational  goals .  I n  add i tion ,  i t  provides  an  environment under 
wh ich  the  con trol  room  staff are  ab le  to  perform  their tasks  wi thout d i scomfort,  excess ive  
stress,  or phys ical  hazard .  

5.2  Functional  design  objectives  of the  main  control  room  

The pri ncipal  objecti ves  of the  control  room  des ign  are  to  provide  the  operator wi th  accurate,  
complete,  operational l y re levant and  timel y i n formation  regard ing  the  functional  s tatus  of p lan t 
equ ipment and  systems.  

The  des ign  shal l  a l l ow for a l l  operational  s tates,  i nclud ing  refuel l i ng  and  accident cond i tions,  
optim ise  the  tasks  and  reduce to  an  appropriate  level  the  workload  requ i red  to  mon i tor and  
con trol  the  p lan t safel y,  and  provide  necessary in formation  to  other faci l i ti es  ou ts ide  the  
con trol  room .  

The  control  room  design  shal l  provide  an  optimal  assignment of functions  wh ich  ach ieves  
maximum  u ti l i zation  of operator and  system  capabi l i ties .  

An  add i tional  objecti ve  of the  con trol  room  design  i s  to  perm i t station  commission ing  to  take 
p lace  effecti vel y and  to  perm i t mod i fications  and  maintenance.  

5.3  Safety principles  

A con trol  room  shal l  be  des igned  to  enable  the  nuclear power p lan t to  be  operated  safe l y i n  
a l l  operational  s tates  and  to  bring  i t  back to  a  safe  state  after the  onset of accident cond i tions.  
Such  events  shal l  be  considered  i n  the  des ign  of the  con trol  room .  

Equ ipment con trol led  from  the  con trol  room  shal l  be  designed ,  as  far as  practicable,  so  that  
an  unsafe  manual  command  cannot be  carried  ou t,  e. g .  by us ing  a  log ical  i n terlock depend ing  
on  the  p lan t s tatus .  

Account shal l  a lso  be  taken  of the  need  for functi onal  i solation  and  phys ical  separation  where  
redundant safety systems  or safety and  non-safety systems  are  brought i n to  close  proxim i ty.  
I EC 60709  g ives  requ i rements  for th is .  Account sha l l  be  taken  of the  need  to  ensure  safety i f 
the  control  room  and  i ts  systems  are  affected  by fi re,  and  to  reduce the  possib i l i ty of fi re  to  a  
practicable  m in imum,  as  ou tl ined  i n  I EC  60709.  

Appropriate  measures  shal l  be  taken  to  safeguard  the  occupan ts  of the  control  room  against 
poten tia l  hazards  such  as  unauthorized  access,  undue  rad iation  resu l ting  from  an  accident  
cond i ti on ,  toxic gases,  and  a l l  consequences  of fi re,  wh ich  cou ld  j eopard ize  necessary 
operator actions.  

There  shal l  be  adequate  routes  through  wh ich  the  con trol  room  staff can  l eave  or reach  the  
con trol  room ,  or gain  access  to  other con trol  poin ts,  under emergency cond i ti ons.  

5.4 Avai labi l i ty principles  

With  a  view to  maxim izing  the  p lan t capaci ty factor,  cons ideration  shal l  be  g i ven  in  the  control  
room  des ign  to:  
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– faci l i tati ng  p lanned  operations  for l oad  chang ing ,  s tart-up  and  shut-down;  

– m in im izing  the  occurrence of any undes i red  power reduction  or p l ant tri p  caused  by 
operators ’  erroneous  decis ion-making  and  actions,  or by local  d isturbances  associated  
wi th  mal function  or fa i l u re  of I &C systems;  

– ach ieving  the  design  ou tpu t and  performance  of the  p lant.  

The  avai l abi l i ty-related  design  speci fications  shal l  not  vio late  the  adopted  safety pri ncip les.  

5.5  Human  factors  eng ineering  principles  

I n  order to  provide  an  optimal  ass ignment of functions  wh ich  ensures  maximum  u ti l i zation  of 
the  capabi l i ti es  of human  and  mach ine  and  a ims  to  ach ieve  the  maximum  plan t safety and  
avai l abi l i ty,  the  des ign  shal l  pay particu lar attention  to  human  factors  pri ncip les  and  human  
characteristics  of personnel  wi th  regard  to  thei r an thropometrics ,  perceptual ,  cogn i ti ve,  
phys iolog ical  and  motor response  capabi l i ties  and  l im i tations.  

5.6  U ti l i ty operating  principles  

An  i n tegral  part of the  control  room  and  operating  ph i l osophy i s  operator staffing  and  train ing .  
To  maxim ize  the  safe  and  efficien t operation  of the  nuclear power plan t,  the  control  room  shal l  
be  manned  wi th  a  sufficien t number of ski l led  profess ional  staff.  

The  con trol  room  staff shal l  be  techn ical l y tra ined  i n  con trol  room  operations  and  educated  i n  
those  eng ineering  princip les  re lated  to  nuclear power p lan t operations  and  safety,  as  wel l  as  
having  a  thorough  knowledge of the  p lant sub-systems  and  components,  the ir function ,  
performance  and  l ocation .  

Tasks  performed  by operators  ou ts ide  the  con trol  room  that i nvolve  operation  of pl ant  
equ ipment shal l  be  adm in istrati vel y control l ed  and  mon i tored  from  the  con trol  room .  

To  ensure  the  qual i ty of operation  of the  nuclear power p lan t,  the  station  operati ng  au thori ty 
shou ld  cons ider the  fol l owing  factors  i n  control  room  staffi ng :  

– personnel  se lection  and  qual i fication  requ irements;  

– i n i tia l  tra in ing  and  retrain ing  requ i rements  for normal ,  abnormal  and  acciden t cond i ti ons;  

– period ic retra in ing  of operati ng  ski l l s  and  opportun i ties  to  expand  the ir knowledge i n  
eng ineering  pri nciples ;  

– j ob  responsibi l i ties  for con trol  room  staff and  i nd ividuals  during  normal  and  emergency 
operations;  

– personnel  physical  requ i rements  concern ing  opti cal  and  aud i tory capaci ty,  any phys ical  
impai rmen t and  heigh t;  

– management and  supervision  structures  and  responsibi l i ti es;  

– sh i ft patterns  and  j ob  stress.  

5.7  Relationsh ip  wi th  other control  and  management cen tres  

To assist  the  con trol  room  personnel  i n  respond ing  to  abnormal  operating  cond i tions,  
emergency response  faci l i ti es  shal l  be  avai lable  to  function  during  emergency cond i tions.  

Supplementary con trol  poin ts  shal l  be  provided ,  su ffici ent to  ensure  safety i f the  main  con trol  
room  is  damaged  or becomes  i noperable.  The  requ i rements  for supplementary control  poin ts  
are  g i ven  i n  I EC  60965.  

Equ ipment shal l  be  provided  for the  change-over of the  control  and  mon i toring  from  the  main  
con trol  room  to  the  supplementary con trol  poi n ts.  The  equ ipment shal l  operate  independentl y 
of the  other equ ipment i n  the  con trol  room .  
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5.8  Operational  experience  

When  avai lable,  operational  experience  from  existi ng  nuclear power plan ts  shou ld  be  
col lected ,  anal ysed  and  fed  back to  the  des ign  of new power p lan ts  where  appl icable.  Such  
experience  may recommend  use  or optim isation  of proven  solu tions  or even  i n fl uence the  
cons ideration  of princip les  i n  domains  such  as  fol l ows:  

•  s taffi ng ;  

•  operating  team  organ isation  and  j ob  defin i tion ;  

•  function  a l l ocation  between  main  control  room  and  l ocal  con trol  stations;  

•  au tomation ;  

•  des ign  of i n formation  process ing ,  i n formation  presen tation  and  controls.  

6 Functional  design  of the main  control  room 

6.1  General  

A system  based  approach  to  the  functional  des ign  of a  control  room  shal l  be  used  covering  
the  control  room  and  the  associated  i tems  in  F igu re  1 .  Th is  approach  shal l  i nclude  the  
fol l owing  fi ve  s teps  as  shows  in  F igure  2 :  

– functional  anal ys is ;  

– function  ass ignment;  

– veri fication  of function  assignment;  

– va l i dation  of function  ass ignment;  

– j ob  anal ysis .  

6.2  Functional  analysis  

6.2. 1  General  

An  anal ysis  of the  functions  to  be  performed  by the  nuclear power p lan t to  ach ieve  the  
obj ecti ves  of 5. 1  and  5. 2  consisten t wi th  the  pri ncip les  of 5 . 3  to  5 . 8  shal l  be  conducted .  

Th is  anal ysis  shou l d  i denti fy a  h ierarchy of goals  for the  control  room  des ign  covering  a l l  
operational  states  and  accident cond i ti ons.  These  goals  sha l l  i ncl ude  the  production  of 
e lectrici ty and  the  m in im ization  of activi ty re lease  as  principa l  goals .  The  goals  may be  
developed  further as  sub-goals  and  used  i n  the  design  decis ion  process.  

Refer to  I EC 61 839  for more  detai l ed  descriptions  and  requ irements  for the  functi onal  anal ysis  
process.  

6.2.2  Identi fication  of functions  

With  respect to  h ierarch ical  goal  structures,  a l l  p l an t functions  associated  wi th  the  goals  of the  
con trol  room  shou ld  be  i denti fied  and  documented .  A means  for i denti fyi ng  these  goals  i s  
g i ven  in  I EC  61 839.  I n  defi n ing  functions  the  anal ys is  sha l l  take  i n to  account the  in teractions  
between  the  control  room  and  faci l i ti es  and  systems  outs ide  the  control  room .  

6.2.3  Information  flow and  processing  requ irements  

Analys is  shal l  be  performed  to  determ ine  the  bas ic operati onal  i n formation  fl ow and  
processing  requ i red  to  accompl ish  the  p lan t  functions  i nclud ing  decis ion  making  and  
operations.  Th is  anal ys is  i s  described  in  I EC 61 839.  

When  iden ti fying  the  i n formation  fl ow and  processing  requ irements ,  the  designer shou ld  use  
several  representati ve  design  bas is  even ts  as  wel l  as  a l l  normal  operations.  
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The fol l owing  events  shou ld  be  i ncluded ;  

– even ts  requ iri ng  operations  subjecti vel y j udged  to  be  d i fficu l t i n  terms  of complexi ty of 
data  i n terpretation  or con trol ,  con trol  speed ,  etc. ;  

– even ts  requ i ri ng  the  h ighest certain ty of correct operator response,  e . g .  certa in  accident  
cond i ti ons;  

– even ts  important  i n  terms  of the  probabi l i stic ri sk assessment;  

– even ts  i n  wh ich  p lan t trip  i s  h igh l y probable  un less  corrective  action  is  taken  i n  time;  

– even ts  whose occurrence  rates  are  h i gh .  

The  number of even ts  to  be  i ncluded  shal l  be  l arge  enough  to  cover adequatel y the  functi ons  
associated  wi th  the  h ierarch ical  goal  s tructu re.  

6.3  Assignment  of functions  

6.3. 1  General  

Task anal ys is  sha l l  be  conducted  to  determ ine  wh ich  functions  shou ld  be  ass igned  to  the  
human  and  wh ich  functi ons  shou l d  be  ass igned  to  the  mach ine.  

Functions  ass igned  to  humans  shown  in  Table  A. 1  i n  Annex A are:  

– manual  con trol  ( includ ing  backup  con trol  to  au tomation) ;  

– mon i toring  associated  wi th  both  manual  con trol  and  au tomatic  con trol ;  

– h igh- level  menta l  processing  tasks  such  as  d iagnosis  to  determ ine  the  cause  of abnormal  
and  unforeseen  operating  cond i ti ons  and  events  and  to  determ ine  corrective  acti ons.  

Functions  assigned  to  the  mach ine  refer to  those  wh ich  are  ach ieved  by au tomatic control  as  
shown  i n  Table  A. 1 .  

Human  factors  eng ineering  princip l es  and  design  cri teria  shal l  be  appl i ed  i n  th is  anal ys is  (see  
ISO  1 1 064).  

The  princip les  and  cri teria  used  i n  the  anal ys is  shal l  be  documented  and  shal l  i nclude  factors  
wh ich  deal  wi th  the  capabi l i ti es  and  l im i tations  of both  the  control  room  staff and  the  
au tomatic  con trol  system .  

Refer to  I EC  61 839  for more  detai l ed  requ i rements  concern ing  the  assignment of functions  
process.  

6.3.2  Operator capabi l i ties  

The functions  ass igned  to  the  operator shou ld  d is ti ngu ish  between  those  s i tuations  where  he  
or she  i s  actual l y perform ing  a  control  task,  where  the  operator i s  supervis ing  an  au tomatic  
system  that  i s  perform ing  the  con trol  tasks  and  where  the  operator i s  perform ing  h igh  l evel  
mental  process ing  tasks  such  as  d iagnosis.  Th is  anal ys is  shou ld  resu l t  i n  the  i n formation  
needed  for the  conceptual  i n formation  system  structu re  and  the  functional  organ ization  of 
resources  to  perform  each  decis ion  making  and  control  task.  

For potential  operator functions,  estimates  of processing  capabi l i ty requ i red  i n  terms  of 
workload ,  accuracy,  rate  and  time factors  shal l  be  prepared  for each  in formation  processing  
aspect and  con trol  action .  These  estimates  shal l  be  used  for the  i n i ti al  ass ignment of 
functions.  The  estimates  shou ld  be  mod i fied  based  on  veri fication  resu l ts  and  used  to  
recons ider the  ass ignment of the  function  as  wel l  as  to  provide  a  more  deta i led  defin i ti on  of 
the  requ i red  operator capabi l i ti es.  
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These  requ i rements  together wi th  those  for d isp lay,  control  and  commun ication  shal l  be  
consisten t wi th  the  tasks  wh ich  shal l  be  performed  to  accompl ish  the  function .  The  general  
tasks  shou ld  include  d isplay,  control  and  communication  requ irements .  

The  various  types  of data  avai lable  to  the  operator shou ld  be  grouped  based  upon  the  tasks  
and  not on  the  sources  of data.  The  purpose  i s  to  organ ize  the  i n formation  from  various  
sources  wi th  respect to  each  decis ion  making  task to  provide  a  comprehensive  in formation  
system  for the  operator wi th in  h is  capabi l i ti es.  

6.3.3  I&C system  processing  capabi l i ties  

Analys is  of i nstrument and  control  system  processing  shal l  beg in  wi th  a  defin i tion  of system  
and  equ ipment functional  requ irements  and  constrain ts,  fo l l owed  by a  more  detai led  
description  of operational  event sequences  and  human-mach ine  i n terface  requ irements  for 
each  task.  The  purpose  i s  to  organ ize  the  mach ine  i n formation  and  capabi l i ti es  wi th  respect to  
the  tasks  defined  for operator i n teraction .  

Th is  organ ization  wi l l  faci l i tate  the  assessment of the  capabi l i ties  of both  au tomatic con trols  
and  human  con trol  for each  decis ion-making  and  con trol  task.  Process ing  capabi l i ti es  of the  
I&C system  shou ld  u l timatel y i nclude  aspects  such  as  quanti ty,  response  time and  accuracy 
requ irements  that the  system  and  equ ipment shal l  satisfy as  wel l  as  human  eng ineering  
requ irements  defin ing  the  human-mach ine  i n terface  for each  componen t type.  

To  reduce the  probabi l i ty of operator error,  the  con trol  systems  shou ld  be  des igned  to  keep 
the  p lan t wi th in  safe  l im i ts  wi thout any operator action  during  a  speci fi ed  period  of time after 
i n i tiation  of certa in  abnormal  cond i ti ons  of the  p lant.  Th is  period  of time  shal l  be  reflected  in  
the  functional  requ irements  for the  au tomatic  control  systems.  

6.4  Veri fication  of function  assignment 

6.4. 1  General  

An  acceptable  assignment of control  room  functions  to  human  and  mach ine  shal l  be  veri fied  
as  shown  i n  F igure  2 .  Evidence  shal l  be  presented  that the  proposed  function  ass ignment 
takes  the  maximum  advantage  of the  capabi l i ties  of human  and  mach ine  wi thout imposing  
unfavourable  requ i rements  on  e i ther of them .  

Refer to  I EC 61 771  for more  detai l ed  requ irements  for the  veri fication  of functi on  assignment.  

6.4.2  Process  

The process  developed  for the  veri fication  shal l  i ncl ude  preparation ,  evaluation  and  resolu tion  
phases.  

Before  attempting  to  veri fy the  proposed  function  assignment,  the  cri teria  used  for the  
assignment shal l  be  confi rmed  to  be  se l f-cons isten t.  

The  veri fications  shal l  subsequentl y confi rm  that:  

– a l l  the  functi ons  necessary for the  ach ievement of the  p lan t operational  and  safety goals  
are  i denti fied ;  

– the  proposed  functi on  ass ignment i s  i n  accordance wi th  cri teria  establ ished  for the  
assignment;  

– sufficient requ irements  of each  functi on  are  i den ti fied .  These  requ irements  i nclude  
performance aspects  (e. g .  t ime  constan ts,  accuracy) ,  those  derived  from  safety princip les ,  
avai lab i l i ty princip les  and  station  operating  au thori ty principles  speci fied  i n  th is  standard ,  
and  those  derived  from  other s tandards,  regu lations  and  gu ide l i nes;  
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– requ i rements  from  h igher l evel  functional  goals  merge  at a  l ower functional  l evel  wi thou t 
confl ict  under a l l  operational  modes.  

Mod i fication  ( i . e.  correction  of m istakes  or reassignment)  and  veri fication  shal l  be  made 
i terati ve l y unti l  a l l  these  cri teria  are  satisfied .  

6.5  Val idation  of function  assignment 

6.5. 1  General  

The proposed  function  assignment shal l  be  val i dated  to  demonstrate  that  the  system  wou ld  
ach ieve  a l l  the  functional  goals.  I n  particu lar,  the  performance of the  i den ti fied  functions  of 6 . 2  
shal l  be  evaluated  under a l l  the  normal  operations  and  several  representati ve  even ts.  

Refer to  I EC 61 771  for more  deta i l ed  requ i rements  for the  val i dation  of function  assignment.  

6.5.2  Process  

The process  developed  for the  va l idation  shal l  i nclude  preparation ,  evaluation  and  resolu tion  
phases.  

Selection  cri teria  sha l l  be  developed  to  ensure  that the  events  to  be  chosen  for assessment 
are  represen tati ve.  I n  add i ti on  to  a l l  normal  operations  and  even ts  speci fied  i n  6 . 2. 3,  events  
caused  by mu l tip le  fa i l u res  shou ld  be  cons idered  for the  assessment of functions  ass igned  to  
humans.  

After the  completion  of the  selection  of representati ve  events,  functions  requ i red  i n  each  
even t shal l  be  i den ti fi ed  and  syn thesized  in  time-sequentia l  order.  

6.5.3  General  evaluation  cri teria  for val idation  

The performance of functions  shal l  be  evaluated  for a l l  normal  operations  and  the  
representati ve  even ts.  The  general  va l i dation  cri teria  shal l  be  satisfied  i nclud ing  the  fol l owing :  

– the  number of functional  goals  and  the  work load  rate  requ i red  of the  control  room  staff 
shal l  not  exceed  thei r capabi l i ty;  

– the  ass ignment of functions  to  the  control  room  staff and  local  operators  i s  acceptable;  

– the  assignment of functions  to  au tomation  i s  satisfactory and  feas ib le.  

6.6  Job  analysis  

I n  order to  develop  bas ic requ i rements  for the  con trol  room  staff structure,  the  operati ng  
procedures  and  the  tra in ing  programme,  the  designer shou ld  conduct a  j ob  anal ys is  of the  
veri fied  or va l i dated  function  assignment and  functional  requ i rements.   

The  fi rst s tep  of the  j ob  anal ys is  i s  to  i den ti fy the  characteristics  and  the  number of tasks  
ass igned  to  humans.  Based  on  that,  the  designer can  then  define  the  organ ization  and  the 
number of operators,  wi th in  the  framework of the  control  room  staff structure  requ i red  by 
regu lation  and  the  u ti l i ty normal  practice.  

Tasks  assigned  to  an  operator shou ld  not overload  h im  or her and  shou ld  be  cons isten t wi th  
h is  or her responsibi l i ti es  as  defined  by the  con trol  room  staff structure.  Furthermore,  the  
des igner shou ld  i den ti fy communications  among  operators  and  commun icati ons  between  
con trol  room  operators  that  are  necessary for the  ach ievement of tasks.  

The  designer shou ld  a l so  i denti fy non-operational  acti vi ti es  (e. g .  reporti ng  to  au thori ti es)  
i nheren t i n  some tasks  by referri ng  to  appropriate  documents .   

When  completed ,  the  anal ysis  shou ld  clari fy:  
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– organ isation  and  number of operators ;  

– operator competence  requ i red ;  

– operational  responsibi l i ti es  of operators;  

– adm in istrati ve  du ties  of operators  (e. g .  reporti ng);  

– operational  i n teractions  between  operators ;  

– d ia logues  between  operators  and  p lan t;  

– communications  between  operators  and  p lan t personnel  stationed  ou ts ide  the  con trol  
room  faci l i ties;  

– communication  wi th  management and  supervisory staff.  

Together,  wi th  the  resu l ts  of the  anal ys is  for the  function  ass ignment (e. g .  conceptual  
i n formation  structure),  the  i tems  above  shou ld  form  the  bas is  of the  con trol  room  staff 
structu re,  the  operating  procedures  and  the  tra in ing  programme.  

7 Functional  design  speci fication  

7. 1  General  

This  cl ause  a ims  to  speci fy the  functional  design  requ i rements  for the  con trol  room  system  
and  equ ipment that perform  the  ass igned  mon i toring  and  con trol  functions.  I t  a lso  speci fies  
the  i n terface  between  the  human  and  the  control  room  equ ipment.  

The  des ign  shal l  be  based  on  an  i n tegrated  human-mach ine  systems eng ineering  approach .  

7.2  Provision  of data base on  human  capabi l i ties  and  characteristics  

When  detai l ed  des ign  of a  control  room  is  carried  ou t,  a  data  base  on  human  capabi l i ties  and  
characteristics  shal l  be  provided  as  fundamental  human  factors  design  data.  

The  data  base  shal l  i nclude:  

– an thropometric cons iderations;  

– popu lation  s tereotypes;  

– aud i tory and  visual  capabi l i ties  and  characteristics;  

– human  abi l i ty to  process  i n formation ;  

– environmental  factors.  

As  some of these  data  depend  on  the  custom  of the  country,  the  data  base  may be  speci fic  to  
each  country or each  u ti l i ty.  

7.3  Location ,  envi ronment and  protection  

7.3. 1  Location  

The control  room  shal l  be  l ocated  for conven ient p lant operation  and  shou ld  meet the  safety 
princip les  of 5 . 3 .  

7.3.2  Environment 

Envi ronmenta l  cond i ti ons  in  the  main  con trol  room  shal l  be  such  that the  operators  can  
perform  their tasks  effecti vel y and  comfortabl y.  

The  envi ronmenta l  des ign  of the  control  room  shal l  i ncl ude  requ i rements  for ai r cond i tion ing ,  
i l l um ination  and  the  aud i tory envi ronment.  The  fo l l owing  requ irements  apply:  
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a)  Air cond i tion ing  

The  main  control  room  shal l  be  a i r cond i ti oned .  The  a i r cond i tion ing  shal l  i nclude 
measures  to  cope  wi th  accident cond i ti ons  of the  p lan t,  e . g .  by using  fi l ters  or i solation  
capabi l i ty.   

b)  I l l um ination  

Des ign  of the  l i ghti ng  system  shal l  ensure  un i form  l ighti ng ,  avoidance of g lare,  refl ections  
and  shadows.  

c)  Aud i tory environment 

Des ign  of the  aud i tory envi ronment shal l  ensure  easy communication  wi th in  the  operati ng  
team ,  m in imal  d isturbance  by ambient  noise,  and  re l i able  perception  of acoustic  
messages,  a l arms  and  emergency s i gnals.  

Gu idance  for environmental  speci ficati ons  under normal  cond i tions  i s  provided  i n  I SO  1 1 064.  

I t  may be  conven ient to  i nclude  wi th in  th i s  speci fi cation  the  requ irements  for s i ze  and  shape  
of the  con trol  room  wi th  provis ional  l ayou ts,  cable  access  arrangements,  se ism ic 
requ irements ,  room  and  panel  colour and  other fin ish  detai l s ,  for agreement wi th  civi l  
eng ineering  i n terests  and  l ater confi rmation  i n  deta i l .  

Appropriate  measures  shal l  be  taken  in  the  design  to  main ta in  con trol  room  operabi l i ty and  
the  mon i toring  of the  p lan t even  during  emergency cond i tions  of the  p lan t.  

7.3.3  Protection  

The design  of the  con trol  room  shal l  provide,  wi th in  the  des ign  bas is,  protection  against fi re,  
rad iation ,  i n ternal  and  external  m issi les,  earthquake  and  hosti l e  acts.  The  equ ipment shal l  be  
qual i fi ed  in  accordance  wi th  the  des ign  bas is .  

The  design  shal l  ensure  that such  even ts  cannot s imu l taneousl y j eopard ize  the  main  control  
room  and  the  supplementary control  poin ts,  mentioned  i n  5 . 7 .  

More  speci fical l y:  

a)  F i re  protection  

Atten tion  shou ld  be  g i ven  to  us ing  non-fl ammable  materials  on l y.  The  control  room  area  
shal l  be  equ ipped  wi th  a  fi re  detection  and  fi re  fighti ng  system .  

E lectrical  equ ipment i n  the  control  room  shal l  be  des igned  to  nei ther cause  nor support a  
fi re  as  far as  th is  i s  reasonabl y ach ievable.  

Cable  ci rcu i ts  and  swi tchgear associated  wi th  the  con trol  room  shal l  be  protected  against 
the  consequences  of fi re.  Cable  insu lation  and  sheath ing  materia ls  shou ld  be  fi re-
retardant and  meet national  test cri teria  for fl ame propagation ,  re lease  of combustion  
products  and  materials  where  appl icable .  

b)  Rad iation  protection  

The  control  room  staff shou ld  be  protected  against d i rect rad iation  i n  any accident 
s i tuation .  The  ai r i n take  ducts  shal l  be  equ ipped  wi th  a  rad ioactivi ty mon i toring  system .  I f 
ci rcumstances  requ i re,  the  con trol  room  venti l ation  system  shal l  have  the  capabi l i ty to  
i solate  i tsel f.  Breath ing  apparatus  shal l  be  avai l able  to  the  staff.  

c)  M issi l e  protection  

The  con trol  room  design  shal l  i nclude  assessment and  protection  against m issi l es  
orig inati ng  from  ins ide  and  ou ts ide  the  control  room .  Gu idance on  the  protection  from  
m issi l es  i s  g i ven  i n  the  I AEA Safety Gu ide  NS-G-1 . 1 1 .  
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d)  Earthquake protection  

The  control  room  equ ipment re lated  to  safety functions,  the  a i r-cond i ti on ing  system  and  
safety i l l um ination  system  ( i . e .  the  l igh ti ng  designed  to  function  post seism ic event)  shal l  
be  des igned  on  the  same  seism ic bas is .  Deta i l ed  requ irement are  provided  i n  I EC 60980.  

e)  Hosti l e  acts  

Measures  shou ld  be  taken  to  restrict access  to  the  con trol  room  and  to  protect i t  against 
hosti le  acts.  

The  securi ty p lan  shal l  conform  to  the  requ irements  of the  regu lations  in  each  coun try.  

7.4 Space  and  configuration  

7.4. 1  Space 

The control  room  shal l  have  sufficient space to  al l ow the  con trol  room  staff to  perform  al l  
necessary actions,  wh i le  m in im izing  the  need  for operator movement i n  abnormal  cond i tions.  

Specia l  atten tion  shou ld  be  paid  to  provid ing  work areas,  wri ti ng  space  and  storage  space  for 
documents:  

– Work areas  wh ich  are  manned  on  a  con tinuous  bas is  shal l  be  des igned  for seated  
operation  and  adequate  seating  shal l  be  provided ,  bu t shou ld  a lso  perm i t operation  wh i ls t 
stand ing .  

– Where  wri ti ng  and  access  to  documentation  form  a  normal  part of the  con trol  room  du ties ,  
adequate  wri ting  space  shal l  be  made  avai lab le.  

– Storage  space for documents  shal l  a lso  be  provided  close  to  the  operati ng  pos i ti on  to  
avoid  the  documents  be ing  la i d  on  consoles,  desks,  etc.  

– Some space may be  provided  for extens ions  that  m ight be  requ i red  i n  the  fu ture  (during  
des ign  phases  or during  the  main  control  room  l i fe  time).  

7.4.2  Configuration  

The con trol  room  shal l  be  designed  g iving  due  cons ideration  to :  

– station  operating  au thori ty's  operati ng  pri nciples ;  

– ass ignments  of functions  to  the  operators  and  I &C  system ;  

– cen tral i zed  or l ocal  con trol  ph i losophy,  wh ich  determ ines  the  extent of controls  present i n  
the  control  room ;  

– supervis ion  cri teria,  wh ich  determ ine  the  use  of overview d isp lays,  the  number of VDUs,  
i nd icati ng  instruments ,  recorders ,  a larms  and  i nd icati ng  l i ghts  on  the  panels ;  

– technology choices  (the  degree  of use  of ded icated  hard-wired  con trols  and  i nd ications  
compared  to  the  degree  of soft control  and  VDUs i nclud ing  l arge  screen  d isp lays,  
segregation  between  the  d i fferen t d i vis ions,  use  of au tomatic con trol  sequences,  extent of 
au tomation  and /or mu l tip lexed  controls) ;  

– station  operati ng  au thori ty and  l egal  requ i rements,  such  as  the  number of operators  i n  the  
con trol  room  requ i red  by operati ng  pol icies  or l icens ing  au thori ti es;  

– i nsta l lation  of non-operational  systems,  such  as  fi re  alarm  and  fighting  systems,  and  other 
s i te-re lated  functions;  

– space  for adm in istrati ve  functions.  

The  con trol  room  shal l  have  such  operati ng  areas  as  are  necessary,  where  each  operator can  
obtain  access  to  a l l  controls  and  in formation  requ i red  to  perform  the  tasks  assigned  to  h im  in  
a l l  operational  and  acciden t cond i tions.  

The  operati ng  area  and  con trol  room  equ ipment such  as  control  desks,  boards  and  panels  
shal l  be  arranged  accord ing  to  human  factors  eng ineering  princip les .  The  l ayou t shou ld  be  
such  that  each  operator i s  provided  wi th  easy access  and  good  vis ib i l i ty of the  con trol  room  
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equ ipment related  to  thei r responsibi l i ti es  and  such  that each  operator can  see  d i rectl y and  
speak wi th  other operators  normal l y present wi thou t undue  i n terruption  of the  l i ne  of s ight  
between  them .  

Refer to  I SO  1 1 064  for more  detai l ed  requ irements.  

I n formation  d isp lays  and  con trol  e l ements  shal l  be  arranged  accord ing  to  cons isten t princip les  
wh ich  shou ld  be  wel l  documented  i n  the  design  process.  

The  arrangement shal l  be  structured ,  especial l y i n  the  case  of con trol  rooms based  on  the  
extensive  use  of ded icated  con trols  and  i nd icators,  to  s impl i fy the  system  or componen t 
i denti fication  i n  normal  operation ,  acciden t cond i ti ons  and  emergency s i tuations,  and  m in im ize  
the  probabi l i ty of i ncorrect actuations  aris i ng  from  human  error.  

The  above cri teria  may be  used  i n  combination  wi th  other design  e lements  and  the  resu l ti ng  
ru les  shal l  be  consisten t for a l l  operating  areas.  

7.5  Panel  l ayout 

7.5. 1  Priori ty 

Princip les  shal l  be  establ ished  and  appl ied  for the  l ayout and  arrangement of a larms,  d isp lays  
and  con trols  belong ing  to  a  function  of a  system  as  wel l  as  for priori ty rankings  between  
s im i l ar e l ements  in  the  l ayou t of the  panels.  The  priori ty ranking  ru les  derived  from  these  
princip les  shal l  be  consistent  for a l l  panels  i n  the  p lan t.  

7.5.2  Posi tion ing  on  control  desks  and  panels  

The posi tion ing  of d isp lays,  i nd icators  and  control s  on  the  panels  and  desks  shal l  be  based  on  
the  fol l owing  cri teria:  

– a larm  panels  and  fascias  shal l  be  vis ib le  from  the  operati ng  area  of the  control  room  and  
shal l  be  at a  conven ien t he ight  for operator vis ib i l i ty and  l eg ib i l i ty;  

– frequentl y used  con trols  shal l  be  wi th in  conven ien t reach  and  the  re lated  i nd icators  and  
d isplays  shal l  be  readable  from  the  operating  pos i ti on .  

Refer to  I SO  1 1 064  for more  detai l ed  requ irements.  

7.5.3  M irror image layout 

Mirror image l ayout of panels ,  controls  and  i nd icators  shal l  be  avoided  i n  order to  preven t l eft-
righ t confusion .  

7.6  Location  aids  

7.6. 1  Grouping  of d isplay information  and  controls  

I t  i s  essentia l  that the  d isplayed  i n formation  and  con trols  are  log ical l y g rouped .   

The  fol l owing  techn iques  may be  used  for grouping  d isplayed  in formation  and  con trols ：  

a)  Grouping  by function  

I n formation  and  con trols  shou ld  be  grouped  in  re lation  to  function  or i n terrelationsh ips  
wi th in  a  system .  Care  shal l  be  taken  to  identi fy the  function  i n  terms  of the  role  that the  
i n formation  p lays  i n  ach ieving  system  objecti ves  rather than  of the  source  of i n formation  or 
method  of measurement.  
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b)  Grouping  by sequence  of use  

I n formation  and  controls  may be  g rouped  on  a  sequentia l  bas is  e i ther by considering  the  
d isp lay as  a  whole  or by d i vi d ing  the  d isplay in to  parts,  each  of wh ich  i s  organ ized  on  a  
sequentia l  bas is.  Cause/ effect re l ationsh ips  shou ld  be  reflected  i n  the  d isplay.  

Use  shou ld  be  made  of natura l  g roupings  wh ich  conform  to  user popu lation  stereotype  
expectations  (e. g .  1 ,  2 ,  3  – a,  b ,  c,  etc. ) .  For the  same reasons,  the  d isplay shou ld  be 
organ ized  i n  a  correspond ing  manner,  e . g .  from  l eft  to  ri gh t and  from  top  to  bottom .  

c)  Grouping  by frequency of use  

I n  th is  form  of grouping ,  i n formation  wh ich  is  most  often  used  is  col l ected  together wi th  the  
most used ,  say,  at  the  top  of the  d isplay and  the  l east used  at the  bottom ,  and  the  con trols  
most used  nearest to  the  operator.  

The  most common  method  of establ ish ing  frequency of use  i s  l ink-analys is  i n  order to  
determ ine  the  connections  between  various  i tems  of i n formation  or con trols  and  
procedures.  

Th is  type  of grouping  i s  of l im i ted  appl ication  due  to  the  risk of apparent i l l og ical i ty i n  the 
d isplay.  

d )  Grouping  by priori ty 

Here  the  i n formation  or con trols  are  grouped  by s ign i ficance  to  the  correct function ing  of 
the  system .  H ighest  priori ty i tems  shou ld  be  p laced  i n  prime  pos i tions  wi th in  a  group.  

e)  Grouping  by operating  procedures  

I n formation  d isplays  and  con trols  shou ld  be  grouped  accord ing  to  the  operating  
procedures.  The  specia l  equ ipment of d isplays  and  con trols  to  be  used  in  emergency 
cond i ti ons  shou ld  be  grouped  separatel y from  that used  for normal  operation .  

f)  Grouping  by system  wi th  m im ic arrangement 

I f m im ics  are  used ,  care  shal l  be  taken  to  avoid  confl icts  wi th  other cri teria  used ,  and  to  
main ta in  the  same m im ic ph i l osophy i f a l terations  or add i tions  to  the  process  or to  the  
i nstrumentation  and  con trols  wi l l  be  requ i red  i n  the  fu ture.  

Appropriate  techn iques  shou ld  be  selected  and  combined  by balancing  thei r respecti ve  
properties.  Each  group shal l  be  of a  manageable  s i ze  to  a l low rapid  and  accurate  search ing .  
Care  shou ld  be  taken  to  respect human  performance  constrain ts.  

The  grouping  shou ld  be  consisten t wi th  the  assumption  about the  user’s  mental  model  of the  
p lant.  

Particu lar care  shal l  be  taken  to  avoid  confl icts  of grouping ,  especia l l y when  d i fferen t  
grouping  techn iques  are  used  s imu l taneousl y.  

7.6.2  Nomenclature  

The names  and  i den ti ti es  of each  p lan t i tem ,  a l l owing  for the  many redundant i tems  on  a  
nuclear p lan t,  sha l l  be  carefu l l y considered  and  agreed  on  a  proj ect-wide  bas is  for un i form  
use.  

Speci fic abbreviations  and  acronyms  (such  as  CVCS for chem ical  and  volume control  system)  
shou ld  be  agreed  and  used  cons isten tl y.  A human  factors  review of these  p lant i den ti fications  
may be  advantageous.  

7.6.3  Coding  

Cod ing  of controls  and  of i n formation  d isp layed  can  be  used  to  d isti ngu ish  between  d i fferent  
types  of control  or classes  of i n formation ,  such  as  to  d isti ngu ish  between  (a)  safety functions,  
(b)  other functions  importan t to  safety,  and  (c)  functions  not importan t to  safety.  
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Cod ing  pri ncip les  shal l  be  establ ished  in  an  earl y s tage  of control  room  design  and  they 
shou l d  be  cons istent  wi th  national  requ i rements  and  u ti l i ty practices.   

The  cod ing  system  shal l  be  cons istent throughout the  control  room .  Location ,  i n formation ,  
colour and  i l l um ination  codes  appl i ed  to  d isp lays  and  the ir associated  controls  shal l  be  
appl ied  i n  a  cons istent way.  

The  cod ing  method  for an  actual  appl ication  shal l  be  determ ined  cons idering  the  re l ati ve  
advantages  of the  types  of cod ing :  

– physical  cod ing  (s i ze  cod ing ,  shape cod ing ,  co lour cod ing ,  aud i tory cod ing ,  and  i n tensi ty 
cod ing),  

– i n formation  cod ing ,  

– l ocation  cod ing .  

Refer to  I SO  1 1 064  for more  detai l ed  requ irements.  

Due  to  poten tia l  staff considerations  (persons  wi th  colour deficien t vis ion)  and  equ ipment 
cons iderations  (fad ing-ou t of co lours,  partial  fai l u re  of I &C equ ipment) ,  colour shal l  not be  the  
sole  means  of d iscrim ination  for i n formation  important to  safety.  The  sole  use  of colour for 
cod ing  shou ld  a lso  be  avoided  i n  other areas.  

7.6.4  Label l i ng  

Adequate  l abel l i ng  shal l  be  provided  in  the  control  room .  The  l abel l ing  shal l  be  cons isten t wi th  
other l abel l ing  in  the  p lan t and  i n  accordance wi th  national  requ irements  and  u ti l i ty practices.  
Refer to  I SO  1 1 064  for more  detai l ed  requ irements.  

The  l anguage and  script  used  for a l l  con trol  room  labels  and  identi fi ers,  and  for a l l  d isplays,  
shal l  be  un i form  throughou t the  con trol  room  and  shou l d  be  that of the  dom inant language of 
the  popu lation  i n  whose  area  the  plant  i s  l ocated ,  except for technology reasons.  

7.7  In formation  and  control  systems 

7.7. 1  General  

Fol lowing  the  des ign  process  and  requ irements  of I EC 61 51 3  for the  overal l  I &C arch i tecture,  
there  wi l l  be  i n formation  and  control  systems implementing  the  human-mach ine  in terface  in  
the  main  con trol  room  for p lan t mon i toring  and  con trol .   

The  system  arch i tecture  wi l l  d epend  on :  

– safety classi fication ;  

– fai l u re  cri teria;  

– defence- in -depth  s trategy;  

– qual i fication  and  re l i ab i l i ty cons iderations;  

– main ta inabi l i ty considerations;  

– choices  imposed  by the  avai l able  technology.  

The  i n formation  and  control  systems  wi l l  be  implemented  by one  or several  subsystems 
deal ing  wi th  the  various  aspects  of the  human-mach ine  i n terface  and  operator support 
functions.  Th is  typica l l y i ncl udes  computer-based  systems  wi th  VDU-d isplays  and  soft-
con trols  as  wel l  as  ded icated  i nd icators  and  con trols .  The  requ irements  are  summarized  
below.  
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7.7.2  Information  functions  

7.7.2 .1  General  

An  i n formation  system  shal l  be  provided  to  i n form  operators  of the  p lan t status  and  variables  
important to  safety and  avai lab i l i ty,  wh ich  a l l ows  the  control  room  operators  to  obtain  a  
complete  understand ing  of the  p lant state  at a l l  t imes.  

Sufficient i n formation  shal l  be  avai lable  to  a l l ow the  operati ng  staff to  ach ieve  safe  shu t-down  
and  hold -down  for an  i ndefin i te  period  i n  accordance wi th  regu latory requ i rements.  

The  system  shal l  a lso  provide  i n formation  of the  p lan t status  to  techn ical  experts  and  to  on-
si te  and  off-s i te  safety experts  during  acciden t cond i ti ons.  

The  system  shal l  have  data  acqu is i tion ,  d isp lay and  a larm  functions.  The  system  shal l  a lso  
have  record ing  and  memory functions  for the  p lan t process  variables  important to  safety and  
avai l ab i l i ty,  for anal ys is  and  for reporti ng  wi th in  the  operati ng  organ ization  and  external  
au thori ti es .  

I n formation  processing  functions  shou ld  a lso  be  provided  to  support  h igh- level  men tal  
process ing  by the  operators  as  a  means  of:  

– a id i ng  decis ion  making ;  

– improving  mon i toring  performance  and  capabi l i ty.  

Th is  shou ld  be  ach ieved  by:  

– ensuring  h i gh  avai l abi l i ty and  re l i abi l i ty of i n formation ;  

– provid i ng  in formation  usefu l  for formu lating  actions;  

– faci l i tati ng  good  commun ication  between  control  room  staff;  

– provid ing  a  record  of trans ients  and  accidents  for anal ys is  purposes  i nclud ing  access  to  
recorded  data;  

– record ing  operator control  actions  where  th is  i s  practicable;  

– expand ing  avai l able  i n formation  to  cover impl ici t  data.  

Categorisation  of the  i n formation  system  functions  shal l  be  made i n  accordance wi th  
I EC 61 226.  

Speci fic  requ irements  are  as  fol l ows:  

a)  I n formation  for operators  

The  operator shal l  be  ab le  to  obtain  at  any time a  complete  understand ing  of the  p l ant 
from  the  in formation  systems.  These  shal l  enable  the  operators  to:  

– recogn ize  any current  or poten tia l  safety or avai labi l i ty hazards;  

– know the  actions  be ing  taken  by au tomation  systems;  

– anal yse  the  cause  of any d isturbance and  fo l l ow i ts  course;  

– perform  any necessary manual  coun teractions.  

The  des ign  bas is  for i n formation  systems,  i ncl ud ing  the ir measurement devices,  shal l  take 
i n to  account the ir importance  to  safety.  The  i n tended  safety function  of each  system  and  
i ts  importance  i n  enabl ing  the  operators  to  take  proper pertinent actions  in  anticipated  
operational  occurrences  or accident cond i ti ons  shal l  be  i den ti fi ed  i n  i ts  des ign  bas is  and  
shal l  be  used  as  an  input  to  any I &C categorization  method  selected .  

b)  I n formation  function  for non-sh i ft experts  

Al though  the  con trol  room  is  the  i n formation  and  control  centre  of the  plant  for the  
operators  during  both  normal  operation  and  acciden t cond i ti ons,  i t  may a lso  be  used  as  
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the  primary cen tre  to  d i rect the  i n i ti a l  s tages  of off-s i te  acti vi ti es  depend ing  on  nati onal  
and  u ti l i ty princip les  for emergency operations  support.  See  a lso  I AEA Safety Gu ide   
NS-G-1 . 9.  

I t  i s  preferable  to  accommodate  vis i ti ng  experts  i n  a  separate  room  and  exclude  them  from  
the  control  room .  

I n formation  systems  may be  extended  to  suppl y i n formation  to  separate  outs ide  support 
faci l i ti es.  

c)  Record ing  and  prin ting  

An  adequate  number of recorders  or pri n ters  shal l  be  provided  in  or ad j acent to  the  main  
con trol  room  for analogue  process  variables  and  for b i nary s i gnals  i n  order to  obtain  
chronolog ical  i n formation  abou t the  performance  and  behaviour of the  p lan t.  

Th is  i s  necessary for the  fol l owing  purposes:  

– back-up  i n formation  for sh i ft operators  g iving  short-term  and  l ong-term  trends;  

– general  operational  i n formation  for the  p lant  management;  

– short-term  and  l ong-term  anal yses  of operation  and  accidents .  

Cons ideration  shou ld  be  g iven  to  au tomatic record ing  of operation  of the  con trols  to  a l l ow 
anal ys is  of operator actions.  

7.7.2 .2  Data acqu isi tion  and  processing  

The major functional  requ irements  for data  acqu is i ti on  and  process ing  are  as  fol l ows:  

– fau l ts  shal l  not cause  any unsafe  state  or unacceptable  econom ic losses  i n  the  p lan t 
operation ;  

– i nput data  sampl i ng ,  pre-processing  and  anal ys is  rates  shal l  be  appropriate  to  satisfy 
operational  requ irements  re lated  to  the  parameter rates  of change;  

– data  shal l  be  updated  at rates  appropriate  to  operator tasks;  

– there  shal l  be  no  s ign i fican t de lays  i n  processing  plant data  or operator requests  even  at  
times  of peak l oad ing ;  

– mod i fication  shal l  be  possibl e  throughout  the  operational  l i fe ;  

– a  provis ion  shal l  be  made  to  a l low the  operators  to  easi l y i denti fy i nval i d  d isplayed  
i n formation .  

Further requ irements  are  as  fol lows:  

The data  acqu isi tion  and  process ing  system  shou ld  take  i n to  account a l l  aspects  of operabi l i ty 
and  re l i abi l i ty requ irements,  fu ture  p lant mod i fications  and  main tai nabi l i ty.  

Th is  requ ires  that an  essentia l  part of i den ti fyi ng  and  defin ing  the  data  acqu is i ti on  and  
process ing  system  i nvol ves  a  comprehensive  anal ysis  (e . g . ,  task anal ys is)  wh ich  takes  the  
performance  of the  con trol  room  staff i n to  consideration .  Such  anal ysis  wi l l  be  ab le  to  identi fy 
data  requ irements  includ ing  the  necessary data  avai l abi l i ty and  correctness.  

The data  acqu is i tion  and  processing  system  shal l  be  fu l l y defi ned  regard ing :  

– the  frequency of data  sampl i ng  and  redundancy;  

– pre-process ing  and  cons istency checking ;  

– the  anal ys is  requ ired  for off-normal  cond i ti ons;  

– the  ou tput  requ ired  and  the  form  of ou tpu t,  e . g . ,  pri n t  or VDU.  

Raw data  process ing  may consume a  s ign i ficant proportion  of CPU  time for a  s ing le  computer 
based  system .  S im i l arl y,  the  tasks  of anal ys is  and  data  ou tpu t or presentation  may consume 
computer time.  An  assessment shou ld  be  done  to  determ ine  the  compu ter l oad ing  i n  normal  
and  in  peak l oad ing  cond i ti ons,  before  the  system  is  pu t i n to  service.  Th is  assessment shou ld  
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be confi rmed  by su i table  tests  on  the  fu l l y i nsta l led  system  to  demonstrate  the  viabi l i ty of the  
system  to  the  operating  s taff for the  expected  range  of operating  cond i ti ons.  There  shal l  be  no  
s i gn i ficant del ay i n  processing  and  presenti ng  p lan t data  or operator requests  even  at times  of 
peak load ing .  Experience  ind icates  that operators  become impatient i f there  are  de lays  to  any 
function  of a  computer-based  i n formation  system  greater than  abou t 1  s .  Longer response  
times  are  acceptable  i n  some cases,  e . g .  accessing  h istorica l  data  or arch ive  data,  i f a  
feedback cue  i s  g i ven  to  i nd icate  that the  process ing  i s  under way.  

Al though  some systems may use  on l y a  s i ng le  computer to  process  the  data  and  to  provide  
i n formation ,  redundancy of computers  and  of modu les  shou ld  be  i ncluded  to  ensure  service  
con tinues  when  any more  frequent s i ng le  fau l t  occurs.  

7.7.2 .3  Display system  

The  d isplay system  shal l  be  des igned  as  a  human-mach ine  i n terface  of the  i n formation  
system ,  cons idering  human  capabi l i ti es  and  characteristics .  

The  d isplays  shal l  enable  the  operators  to:  

– know the  actions  being  taken  by the  reactor protection  system  and  other au tomatic  
systems,  so  as  to  be  able  to  veri fy their state  and  perform  necessary support  actions;  

– anal yse  the  cause  of d is turbances  and  fo l l ow thei r course;  

– perform  any necessary manual  coun teractions.  

The  d isplay shal l  enable  the  operators  to  recogn ize  poten tia l  safety or avai l ab i l i ty hazards.  

The  major functional  requ i rements  of the  d isplay system  are  as  fol lows:  

– the  d isplay system  in  the  con trol  room  shal l  cover appropriate  variables,  cons isten t wi th  
the  assumptions  of the  safety anal ysis  and  wi th  the  in formation  needs  of the  operator i n  
normal  operation  and  accident  cond i tions;  

– the  accuracy,  range,  and  scales  of d isplays  shal l  be  cons isten t wi th  the  assumptions  of 
the  safety anal ys is  and  the  supported  operator tasks;  

– d isp lays  shal l  be  provided  for i nd icati ng  by-passed  or de l iberate l y i noperable  cond i ti ons  of 
the  p lan t and  auxi l iaries;  

– i n formation  d isp lays  important to  safety shal l  be  su i tabl y l ocated  and  speci fica l l y i den ti fied  
on  con trol  panels ;  

– the  types  of d isplays  shal l  be  selected  in  accordance wi th  their purpose;  

– the  d isplay system  shal l  provide  both  i n formation  and  a larm  d isplays,  wh ich  shou ld  
provide  an  i n tegrated  approach  to  the  d isplay of p l an t cond i ti ons.  

I n  general ,  VDU-based  d isplays  and  i n formation  means  wi l l  be  used .  Ded icated  d isplays  l i ke  
analogue  meters,  d i g i ta l  i nd icators ,  l amps  and  trend  recorders  may be  requ i red  e. g .   

– for post-acciden t s i tuations,  due  to  qual i fication  or d ivers i ty considerations,  or  

– i f requ i rements  for spati a l l y ded icated  d isp lay have  to  be  fu l fi l l ed .  

An  adequate  number of prin ters  shou ld  be  identi fied  i n  order to  provide  hardcopies  for the  
sh i ft team ,  as  materia l  for team  d iscussion  and  anal ys is  and  possib l y l egal  documentation  
purposes.  

Deta i l ed  gu idance for VDU-d isplays  is  provided  i n  I EC 61 772;  gu idance  for ded icated  d isplays  
can  be  found  i n  I SO  1 1 064 .  
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7.7.2 .4  Alarms 

Main  con trol  room  alarms  shal l  provide  a l l  i n formation  necessary for p lan t survei l l ance  in  ab-
normal  p lan t cond i ti ons.  

The  a larm  system  shou ld :  

– d isplay alarm  i n formation  to  enable  the  operator to  understand  the  fau l t s i tuation  as  i t  
develops;  

– enable  the  operator to  remove i rre levan t i n formation  bu t ensure  that re levant and  
important i n formation  is  presented  in  a  manner match ing  the  operator’s  capaci ty to  
understand ;  

– enable  the  operator to  d isti ngu ish  between  a larms  for wh ich  corrective  actions  are  not 
complete  and  alarms  wh ich  cannot be  cancel l ed  wi thou t the  i n terven tion  of the  
maintenance service;  

– avoid  i n formation  overload .  

The  a larm  system  shou ld  have:  

– process ing  functions,  to  g i ve  the  operator the  most representative  i n formation  of abnormal  
cond i ti ons,  and  

– d isplay functions,  to  perm i t the  operator to  easi l y i den ti fy an  a l arm  and  i ts  seriousness.  

Moreover,  for each  a larm ,  a  procedure  document,  e. g .  a larm  sheet or p lant i tem  operating  
i nstruction ,  sha l l  be  provided  to  expla in  to  the  operator the  l i kel y reasons  for  the  a larm  and  
the  corrective  actions  requ ired .  

Refer to  I EC 62241  for more  detai l ed  requ irements.  

7.7.2 .5  Operator support function  

I n  order to  enhance  p lan t safety,  avai l abi l i ty and  operabi l i ty,  operator support functions  such  
as  the  fo l l owing  shou ld  be  provided :  

– safety parameter d isplays  and  survei l l ance  functions  (see  I EC  60960);  

– p lant d iagnosis  functions;  

– operator gu ide  functions  for normal  operation  and  post-accident s i tuations,  e. g .  symptom-  
and  event based  procedures;  

– functions  for au tomatic  on-power test.  

So  far as  practicable  such  functions  shou ld  be  fu l l y i n tegrated  i n to  the  overal l  des ign  of the  
con trol  room .  

7.7.3  Control  functions  

This  subclause  deals  wi th  functional  human  factors  speci fications  of con trols  used  for manual  
con trol  operations  as  we l l  as  for back-up  to  au tomatic con trol  operations  under both  normal  
and  abnormal  operations.  However,  functional  speci fications  of control  functions  as  embod ied  
by p lan t I&C systems,  are  ou ts ide  the  scope  of th i s  standard .  

a)  General  cons iderations  

Controls  shal l  be  des igned  to  ensure  ease  of operation  and  to  m in im ize  operator errors.  

The  con trols  selected  shal l  be  su i table  for operator use  in  a  control  room  envi ronment and  
shal l  match  the  characteristics  of the  expected  user popu lation .  

Controls  shal l  meet the  fol l owing  requ i rements:  

– to  m in im ize  operator error,  con trol  movements  shou ld  conform  to  popu lation  
stereotypes  and  shou ld  be  compatib le  wi th  the  control led  variable;  
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– con trols  shal l  i n tegrate  feedback i n formation  for the  se lected  function  and  i n tegrate  
d isplay of check-back i n formation  of the  s tate  of the  con trol l ed  components;  

– categorisation  of con trol  functions  shal l  be  commensurate  wi th  the ir importance  to  
safety,  i n  accordance wi th  I EC  61 226.  

b)  Preven tion  of erroneous  actuation  

To  prevent human- induced  even ts,  erroneous  activation  of con trols  shal l  be  m in im ized  by 
means  such  as  the  fo l lowing :  

– l ocating  con trols  at proper pos i ti ons,  thus  avoid ing  accidental  actuation  i n  a  control  
movement;  

– use  of protective  structures,  such  as  use  of physical  barriers,  or recessed  instal l ation ,  
movable  covers  or guards;  

– provis ion  of a  second  confi rmatory action ,  e . g .  wi th  a  re lease  push  button  or wi th  an  
add i tional  soft  con trol  command;  

– use  of i n terlocks  or perm issive  s i gnals,  wi th  proper ass ignment of priori ties ;  

– proper selection  of phys ica l  characteristics ,  such  as  s i ze,  operati ng  pressure  or force,  
tacti l e ,  optica l  and/or acoustical  feedback;  

– any combination  of the  above.  

c)  Technology 

Controls  may be  implemented  as  soft controls ,  mu l tip lexed  or ded icated  con trols  and  
m ixtures  thereof.  

The  choice  shou ld  be  taken  based  on  cri teria  such  as  fol lows:  

– qual i fication  and  i ndependence considerations;  

– requ ired  speed  of access  and  frequency of use;  

– avai l able  technology.  

I EC 61 227  provides  detai l ed  gu idance on  th is.  

7.8  Control -d isplay in tegration  

Controls  and  thei r associated  d isplays  shal l  be  correctl y i n tegrated  to  ensure  effecti ve  
operation  of the  p lant  by con trol  room  staff.  

The con trol -d isplay i n tegration  shal l  be  i n  accordance wi th  the  proposed  method  of p lant  
operation  as  shown  i n  the  anal yses  made  accord ing  to  6 . 2  and  6 . 6 .  

The con trol -d isplay i n tegration  shal l  meet the  fo l lowing  principa l  requ i rements :  

– con trols  shou ld  be  located  near the  associated  d isp lay.  Operation  of con trols  shou ld  
produce  a  compatib le  change i n  the  re levan t d isplay;  

– the  grouping  of controls  and  thei r associated  d isplays  shal l  reflect the  need  to  ach ieve  
system  objectives  and  shou ld  be  cons istent wi th  assumptions  abou t the  user’s  menta l  
model  of the  p lan t;  

– the  organ ization  of controls  and  d isp lays  shal l  reflect  cause/effect  re lationsh ips ;  

– the  organ ization  of controls  shal l  embody user popu lation  s tereotypes;  

– the  form  of codes  used  for d isplays  and  thei r associated  con trols  shal l  be  en ti re l y 
consisten t.  

7.9  Communication  systems  

7.9. 1  General  

Communication  systems shal l  be  provided  in  the  con trol  room  to  faci l i tate  safe  and  efficient  
p lant  operation .  Special  cons ideration  shal l  be  g iven  to  the  des ign  of communication  systems 
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to  be  used  to  communicate  wi th  the  emergency faci l i ti es  i n  the  abnormal  or acciden t 
cond i ti ons.  

Provis ion  of non-verbal  commun ication  systems  such  as  te lefacs im i l e  and  data-l i nks  (between  
computers)  are  desi rable,  between  the  con trol  room  and  other i n formation  cen ters  i n  order to  
improve p lan t avai l abi l i ty and  safety.  

7.9.2  Verbal  communication  systems 

7.9.2 .1  On-si te  communications  

For general  communication  under normal  operational  cond i ti ons  a  te lephone system  wi th  an  
adequate  number of extens ions  shal l  be  i nstal l ed .  At l east one  of the  extensions  shal l  be  
l ocated  i n  the  control  room .  Each  extens ion  may be  connected  to  the  publ ic te lephone  
system .  An  add i tional  speci fic system  shal l  be  provided  i n  the  con trol  room ,  wh ich  i s  not 
access ib le  from  the  publ ic system  and  has  a  ded icated  wel l  known  emergency cal l  number 
wh ich  i s  l abel l ed  to  a l l  other extensions.  Th is  extens ion  shal l  be  used  for transm i tting  on l y 
d isturbance and  acciden t  reports  to  the  con trol  room  personnel .  

For commun ication  i n  accident cond i ti ons  to  supplementary operati ng  faci l i ties  and  con trol  
poin ts  wh ich  are  important to  safety,  a  separate  d i rectl y wi red  system  shal l  be  i nsta l led  where  
appropriate.  The  system  shal l  enable  the  con trol  room  personnel  to  commun icate  s i ng l y or in  
para l l el  wi th  a  selected  number of extensions  at the  same time.  The  system  shal l  a lso  enable  
the  control  room  personnel  to  commun icate  wi th  the  con trol  room  of any other un i t  wi th  a  
separate  control  room  at  the  same s i te.  The  system  shal l  be  suppl ied  by a  non- in terruptible  
power suppl y system .  Extension  te lephone  j acks  outs i de  the  control  room  shal l  be  provided  
where  necessary and  be  accessib le  a lso  under acciden t cond i tions.  The  system  may be  
extended  a lso  for operational  use.  

A publ ic address  system  shal l  be  provided  to  address  on-s i te  personnel  under any p lant 
cond i ti ons.  

For use  during  maintenance,  testi ng  or repai r,  communication  by rad io  to  the  control  room  
us ing  mobi l e  transm i tters  shal l  be  provided ,  un less  a l l  re levant l ocal  poin ts  can  be  reached  
re l iabl y enough  by other systems.  Rad io  frequency in terference aspects  shal l  be  cons idered  
i n  the  des ign ,  cabl ing ,  l ocation  and  testing  of I &C systems.  To  m in im ize  such  i n terference,  the  
frequency range  and  the  maximum  output power of these  transm itters  shal l  be  l im i ted  and  
speci fied .  Areas  where  transm i tters  may not be  used ,  such  as  the  con trol  equ ipment room ,  
shal l  be  i den ti fi ed .  

7.9.2 .2  Off-s i te  communications  

For communication  to  the  off-s i te  s tation  operati ng  au thori ty,  emergency governmental  and  
publ ic i nsti tu tions,  an  exclusive  commun ication  system  shou ld  be  provided .  Some of the  
extensions  cal l  numbers,  especia l l y one  in  the  con trol  room ,  shal l  not  be  known  to  the  publ ic.  

The  m in imum  connections  to  off-s i te  shal l  be  provided  wi th  necessary organ izations  and  
personnel .  Important connections  shal l  have  redundant and  d i verse  systems,  e. g .  one  
te lephone and  one  rad io  system .  The  connections  shal l  be  defined  i n  accordance wi th  
national  requ i rements ,  wi th  typical  connections  such  as  fol l ows:  

– to  s tand-by/ready-for-cal l  personnel  of the  un i t s taff or other experts  to  help  i n  emergency 
or accident cond i ti ons;  

– to  rad iation  measurement groups  wh ich  perform  tasks  outs ide  the  s i te  important to  safety;  

– to  the  re levant fi re  fighti ng  s tation ;  

– to  the  l ocal  pol ice  station  wh ich  is  permanentl y manned ;  

– to  the  offices  of the  government and  publ ic  agencies.  
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7.9.2 .3  Arrangement 

Communication  equ ipment for operational  commun ication  du ties  and  communication  du ties  of 
the  operators  shal l  be  i nsta l l ed  i n  the  operators ’  work stations.  

The  main  control  room  shal l  a lso  be  des igned  as  the  communication  centre  of the  p lan t for 
normal  operation  and  du ring  the  earl y s tages  of an  acciden t.  Responsibi l i ti es  and  need  for 
communication  i n  these  phases  shal l  be  i den ti fied  i n  a  task anal ys is ,  and  the  communication  
equ ipment located  accord ing l y.  Preferably most of the  equ ipment for communicati ng  wi th  off-
si te  locations  shou ld  be  l ocated  on  a  specia l  commun ication  desk or panel  wi th  extens ions  on  
the  main  con trol  desk and  the  control  panels .  

7.9.3  Non-verbal  commun ication  systems 

Non-verbal  communication  systems may be  provided  in  the  main  con trol  room  such  as  
fol l ows:  

– a  te levision  system  for mon i toring  the  reactor operating  floor and  turbogenerator s tatus  
wh ich  may a lso  be  used  for accident s i tuations;  

– a  te lefacsim i le  system  that shou ld  be  connected  to  emergency response faci l i ties  i n  order 
to  transfer p lan t s tatus  and  operational  suggestions  i f an  emergency cond i ti on  occurs.  

7. 1 0  Other requ irements  

7. 1 0. 1  Power suppl ies  

The  power suppl y arrangement for the  con trol  room  shal l  have  a  re l i abi l i ty and  avai labi l i ty 
cons isten t wi th  those  requ i rements  of the  I &C system ,  the  safety system  and  the  system  
important to  safety.  Systems  importan t to  safety i n  the  control  room ,  wh ich  are  requ i red  to  be  
avai l able  for use  at a l l  times  during  operation  or accident cond i ti ons,  shal l  be  connected  to  
non- in terruptib le  power suppl ies .  

Refer to  I EC 61 225  for more  detai l ed  requ i rements.  

7. 1 0.2  Qual i fication  

A qual i fication  programme cons istent wi th  that of overal l  p l an t equ ipment shal l  be  provided  to  
confi rm  that equ ipment importan t to  safety  and  systems in  the  control  room  are  capable  of 
meeting ,  on  a  con tinu ing  bas is,  the  des ign  basis  performance requ i rements  (e . g .  range,  
accuracy,  response)  needed  for thei r functions  under the  envi ronmenta l  cond i ti ons  l ikel y to  
prevai l  at the  time  these  wi l l  be  needed .  The  programme shal l  i ncl ude  a  p lan  to  ensure  that 
the  equ ipment i s  qua l i fi ed  for the  i n tended  period  of use,  and  provide  for timely requal i fication  
or replacement,  i f necessary.  

Refer to  I EC 60780  and  I EC  60980  for more  deta i l ed  requ i rements.  

7. 1 0.3  Maintainabi l i ty 

The equ ipment shal l  be  des igned  to  faci l i tate  survei l l ance  and  main tenance and ,  i n  the  case  
of fa i lu re,  easy d iagnosis  and  repai r or replacement.  

The  con tribution  of repai r t ime to  equ ipment unavai l abi l i ty sha l l  be  evaluated  at the  des ign  
stage.  The  mean  time to  repai r and  the  frequency of i nspection  shal l  be  speci fi ed  i n  the  
des ign  base  of each  parti cu lar system .  Knowledge  of the  means  of detecting  that a  fa i lu re  has  
occurred ,  e. g .  a  power suppl y system  check (test) ,  shal l  be  a  part  of th is  evaluation .  

Means  provided  for the  maintenance of the  systems shal l  be  designed  so  that any effect on  
the  safety of the  p lan t i s  acceptable.  
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7. 1 0.4  Repairs  

The con trol  room  shal l  be  des igned ,  considering  panel  l ayout and  equ ipment configuration ,  to  
ease  repair of the  equ ipment and  systems  i n  i t.  The  design  shal l  a lso  i nclude  the  
cons ideration  of repai r faci l i ti es  and  spare  parts .  

7. 1 0.5  Testabi l i ty 

The con trol  room  shal l  be  des igned  to  perm i t  test and  cal ibration ,  wi thou t d i fficu l ty,  at  
necessary i n tervals  for each  of the  necessary functions.  

8 Veri fication  and  val idation  of the integrated  control  room system  

8. 1  General  

Upon  completion  of the  i n i tia l  conceptual  des ign  of an  i n tegrated  control  room  system  
includ ing  the  arrangements  for control  room  staffi ng ,  the  human-mach ine  i n terface,  the  
operating  procedures  and  the  tra in ing  programme,  i ts  adequacy shal l  be  veri fied  and  
va l i dated .  I n  subsequent subclauses,  the  process  and  general  evaluation  cri teria  of 
veri fication  and  va l i dation  are  speci fi ed  for the  human-mach ine  i n terface.  For other con trol  
room  system  consti tuen ts,  i . e.  the  con trol  room  staff structure,  the  operating  procedures  and  
the  tra in ing  programme,  the  evaluation  process  and  cri teria  shou ld  be  developed  separatel y 
us ing  appropriate  national  s tandards,  and  in ternational l y agreed  gu idel i nes  avai l ab le  (see  
IAEA Safety Gu ides).  

See  I EC 61 771  for more  detai l ed  requ i rements .  

8.2  Control  room  system  veri fication  

8.2. 1  General  

Prior to  and  during  deta i l ed  con trol  room  system  in tegration ,  functional  speci fications  of the  
con trol  room  system  shal l  be  veri fi ed  to  show that the  speci fications  meet re levant cri teria  and  
functi onal  requ irements.  

8.2.2  Process  

The process  developed  for the  veri fication  shal l  i ncl ude  preparation ,  evaluation  and  resolu tion  
phases.  Evaluation  of the  i n tegrated  control  system  shal l  be  made at th is  stage  i nclud ing  the  
operating  procedures  and  the  tra in ing  programme wh ich  have  been  provided  separatel y as  
shown  i n  F igure  2 .  

8.2.3  General  evaluation  cri teria  for in tegrated  system  verification  

The  proposed  control  room  system  i n tegration  shal l  i ncorporate  a l l  the  functional  
speci fications  and  al l  other techn ical  requ i rements  correctl y.  

8.3  Control  room  system  val idation  

8.3. 1  General  

Prior to  and  during  detai led  control  room  system  design ,  the  overal l  con trol  room  system  
i n tegration  shal l  be  val i dated  to  show that i t  wou ld  ach ieve  the  performance i n tended .  I n  
particu lar,  specia l  attention  shal l  be  g i ven  to  time dependent d ynam ic characteristics  of the  
proposed  in tegrated  system .  

8.3.2  Process  

The process  developed  for the  va l idation  shal l  i ncl ude  preparation ,  evaluation  and  resolu tion  
phases.  
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Preparation  for val i dation  i s  made i n  a  s im i lar manner to  the  va l idation  of function  assignment 
(see  6. 5),  bu t operational  expertise  i s  particu larl y importan t at  th is  s tage.  

An  appropriate  control  room  model  wh ich  a l lows  the  evaluation  of the  time dependen t 
d ynam ic characteristics  of the  proposed  system  shou ld  be  developed .  For a  system  whose 
concept i s  cons iderably d i fferen t from  conventional  systems,  a  d ynam ic s imu lator i s  
necessary for use  for the  val i dation .  However,  other choices  such  as  a  fu l l  scale  mock-up  may 
be  adopted  when  e i ther the  d i fference  i s  m inor or a  parti al  va l i dati on  can  be  j usti fi ed .  

Mu l tip l e  performance measures  shou ld  be  developed  to  a l l ow redundant evaluation .  Both  
qual i tati ve  and  quanti tative  consistency of i n terrelated  performance measures  shal l  be  
exam ined  to  confi rm  the  evaluation  resu l ts.  

Cons iderations  shou ld  be  g i ven  to  creating  a  real istic test environment (e . g . ,  physical  
arrangement,  envi ronmental  cond i ti ons  such  as  temperature,  hum id i ty,  l i ghti ng ,  sound ,  etc. ) .  

The  val i dation  programme shou ld  be  organ ized  in  such  a  way that i t  makes  use  of 
commission ing  tests.  For example,  commission ing  tests  shou ld  be  used  for aspects  that cou ld  
not be  tested  in  the  previous  design  phases  such  as  evacuation  of the  main  control  room  and  
for aspects  that  were  i denti fi ed  as  requ iri ng  fu rther evaluati on .  

The  evaluation  cri teria  sha l l  be  consisten t wi th  a l l  the  re levant  regu lations,  s tandards,  
gu idel i nes,  etc.  

8.3.3  General  evaluation  cri teria  for in tegrated  system  val idation  

See  I EC 61 771  for requ irements .  
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Annex A  
(informative)  

 
Explanation  of concepts  

 
 

A.1  Control  room system  

The control  room  system  is  an  i n tegration  of the  human-mach ine  i n terface,  con trol  room  staff,  
operati ng  procedures,  tra in ing  programme,  and  associated  equ ipment and  faci l i ti es  (see  
F igure  1 ) .  

There  are  two  major plan t operational  goals  ( i . e.  control led  generation  of e l ectrici ty and  
prevention  of re lease  of rad ioactivi ty to  the  environment) .  A number of functional  goals  have  
to  be  satisfied  to  ach ieve  the  p lant operational  goals .  They are  satisfi ed  by con trol l i ng  p lant 
processes  through  con trol l ed  u ti l i zation  of plant resources.  There  are  essentia l l y two ways  of 
con trol l i ng  the  plant  systems  ( i . e.  au tomatic control  and  manual  con trol  i ncl ud ing  remote  and  
l ocal  manual  control ) .  

Hardware  systems implementing  au tomatic control  and  remote  manual  control  i nclude  control  
and  safety systems,  wh ich  are  a  part of the  I &C  system ,  and  they i nclude  actuators,  sensors,  
and  other hardware  devices.  

Operation  of au tomatic con trol  requ ires  the  con trol  room  staff to  mon i tor i ts  action  through  
d isp lays,  and  to  take  manual  control ,  wh ich  i ncludes  back-up  control ,  reset and  others .  
Operation  of remote  manual  control  requ ires  the  i n terven tion  of the  control  room  staff through  
con trols  and  d isplays  located  i n  the  main  con trol  room .  

The  controls  and  d isplays,  wh ich  are  a lso  a  part of the  I &C system ,  have  a  physical  i n terface  
wi th  the  control  room  staff,  and  therefore  they are  cal l ed  the  human-mach ine  i n terface.  

Local  manual  control  i s  performed  at any p lace  ou ts ide  the  main  con trol  room  by operators  
through  l ocal  control  faci l i ti es  at the  request of the  con trol  room  staff.  The  instructions  are  
g i ven  through  the  commun ication  i n terface.  

Besides  au tomatic con trol ,  manual  control  and  associated  mon i toring ,  the  control  room  staff 
are  requ i red  to  perform  h igh- level  mental  process ing  of i n formation  (e . g .  i n terpretation  of 
mu l tip le  read ings,  formu lation  of knowledge-based  strategy).  

There  are  various  types  of operator support systems  (e. g .  d iagnostic systems,  operation  
consu l ti ng  systems,  procedure  syn thes izers)  wh ich  are  i n tended  to  support the  h igh- level  
mental  processing .  The  con trol  room  staff may i n terface  wi th  them  in  a  variety of ways  -  from  
s imple  un id i recti onal  i n formation  retrieval  through  d isp lays  to  h igh -level  b i d i rectional  
communication  through  appropriate  devices.  The  operator support system  is  a  human-
mach ine  in terface.  

Communication  wi th  plant personnel  and  manageria l  staff stati oned  ou ts ide  the  main  con trol  
room  can  be  made  through  the  commun ication  i n terface.  

A.2  “Human”  and  “machine”  

Assign ing  functions  to  human  means  to  ach ieve  them  by manual  control ,  mon i toring ,  h i gh-
level  men ta l  processing ,  or thei r combinations.  Assign ing  functions  to  mach ine  means  to  
ach ieve  them  by automation .  Therefore,  human  i n  the  functional  domain  s ign i fi es  the  con trol  
room  staff and  mach ine  i n  the  functional  domain  s ign i fi es  au tomation  (Table  A. 1 ) .  
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The  term  “mach ine”  covers  a  number of hardware  en ti ti es  wh ich  i nclude  the  I &C system  and  
operator support system .  I t  shou ld  be  noted  that the  manual  con trol  system ,  con trols ,  and  
d isplays  wh ich  are  parts  of the  I &C  system  are  to  enable  the  con trol  room  staff to  ach ieve  
functi ons  ass igned  to  them .  

Table  A. 1  – Human  and  mach ine  i n  functional  domain  and  physical  domain  
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Functional domain Physical domain 

Functions  are  
assigned  to:  

Functions  are  
ach ieved  by:  

Mach ine  (hardware)  Human  

Human  

 
H i gh -l evel  mental  
processing  
 
 
Mon i tori ng  
(associated  wi th  
both  manual  control  
and  au tomation )  
 
Manual  control  
( i ncl ud ing  back-up  
control  to  
au tomation )  
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D i splays        Human-  
                    mach ine   
                    i n terface  
                                           I &C  
                                          system  
Controls  
 
Manual  con trol  system  

 
 
 
 
 

Operati ng  crew 

Mach ine  Automation  Au tomatic  control  system   
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Annex ZA 
(normative)  

 
Normative references to international  publications 
with  their corresponding European publications 

The fol lowing  referenced documents are indispensable for the appl ication  of this document.  For dated  
references,  only the edition  cited  appl ies.  For undated  references,  the latest edition  of the referenced  
document (including any amendments) appl ies.  

NOTE   Where an  International  Publ ication  has been modified  by common modifications,  indicated  by (mod),  the relevant 
EN/HD applies.  

Publication  Year Title EN/HD Year

IEC 60709 - Nuclear power plants - Instrumentation  and 
control  systems important to safety - 
Separation  

EN  60709 -  

IEC 60780 - Nuclear power plants - Electrical  equipment of 
the safety system - Qualification  

- - 

IEC 60960 - Functional  design  criteria for a safety 
parameter display system for nuclear power 
stations 

- - 

IEC 60965 - Nuclear power plants - Control  rooms - 
Supplementary control  points for reactor 
shutdown without access to the main  control  
room 

- - 

IEC 60980 - Recommended practices for seismic 
qual ification  of electrical  equipment of the 
safety system for nuclear generating  stations 

- - 

IEC 61 225 - Nuclear power plants - Instrumentation  and 
control  systems important to safety - 
Requirements for electrical  suppl ies 

- - 

IEC 61 226 - Nuclear power plants - Instrumentation  and 
control  important to safety -  Classification  of 
instrumentation and control  functions 

EN  61 226 -  

IEC 61 227 - Nuclear power plants - Control  rooms - 
Operator controls 

-  - 

IEC 61 51 3 - Nuclear power plants - Instrumentation  and  
control  for systems important to safety - 
General  requirements for systems 

- - 

IEC 61 771  - Nuclear power plants - Main  control-room - 
Verification  and  val idation  of design  

- - 

IEC 61 772 - Nuclear power plants - Control  rooms - 
Application  of visual  d isplay units (VDUs) 

- - 

IEC 61 839 - Nuclear power plants - Design of control  rooms 
- Functional  analysis and assignment 

- - 

IEC 62241  - Nuclear power plants - Main  control  room - 
Alarm  functions and presentation  

- - 
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Publication  Year Title EN/HD Year

ISO 1 1 064 Series Ergonomic design of control  centres  -  -  
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fires and  explosions in  the design of nuclear 
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