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Project	
  Management	
  at	
  CERN	
  
Lessons	
  Learned	
  from	
  the	
  LHC	
  Project	
  	
  



§  CERN	
  and	
  the	
  LHC	
  Project	
  
at	
  a	
  glance	
  

§  The	
  Project	
  Management	
  
framework	
  of	
  the	
  LHC	
  Project	
  

•  What	
  was	
  set-­‐up	
  

•  How	
  it	
  worked	
  

•  What	
  are	
  we*	
  promo@ng.	
  

*	
  CERN	
  DAT’s	
  Projects	
  Support	
  Office	
  

Agenda	
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9	
  PM	
  Knowledge	
  Areas	
  



CERN	
  and	
  the	
  LHC	
  Project	
  
at	
  a	
  glance	
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Created	
  in	
  1954	
  (under	
  the	
  auspices	
  of	
  UNESCO)	
  
20	
  Member	
  States	
  +	
  some	
  observers	
  
CHF	
  1	
  billion	
  annual	
  budget	
  
Near	
  Geneva,	
  Switzerland	
  
Across	
  the	
  FR-­‐CH	
  border	
  
10’000	
  people	
  

“The	
  Organiza-on	
  shall	
  provide	
  for	
  collabora-on	
  	
  
among	
  European	
  States	
  in	
  nuclear	
  research	
  	
  

of	
  a	
  pure	
  scien+fic	
  and	
  fundamental	
  character	
  (...).	
  	
  
The	
  Organiza-on	
  shall	
  have	
  no	
  concern	
  with	
  work	
  	
  	
  

for	
  military	
  requirements	
  and	
  the	
  results	
  of	
  	
  
its	
  experimental	
  and	
  theore-cal	
  work	
  shall	
  be	
  	
  	
  

	
  published	
  or	
  otherwise	
  made	
  generally	
  available”.	
  



And	
  a	
  few	
  theore@cians	
  

accelerators	
  

detectors	
  

computers	
  

LHC	
  
+	
  7	
  Detectors	
  

SPS	
  
+	
  North	
  Exp.	
  Areas	
  

	
  
CNGS	
  

PS	
  Complex	
  
&	
  East	
  Exp.	
  Areas	
  

	
  

ISOLDE	
  

Linear	
  Colliders	
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LHC	
  

“LHC	
  itself”	
  

LHC	
  accelerator	
  

LHC	
  infrastructures	
  

LHC	
  injector	
  chain	
  

Detectors	
  

ATLAS	
  

CMS	
  

ALICE	
  

LHC-­‐b	
  

Totem	
  

LHC-­‐f	
  
Computers	
  



1600+	
  cryomagnets	
  
opera\ng	
  at	
  1.8	
  K	
  
protons	
  –	
  protons	
  
heavy	
  ions	
  –	
  heavy	
  ions	
  



LHC	
  Front-­‐End	
  Project	
  launched	
  in	
  1984	
  
LHC	
  Project	
  approved	
  in	
  1994	
  
First	
  circula\ng	
  beams	
  in	
  2008	
  
Final	
  Project	
  Cost	
  = CHF 6+ billion	
  









15	
  Pbytes	
  ÷	
  4	
  Gbytes	
  =	
  3.75	
  million	
  DVDs	
  /	
  year	
  
3.75	
  106	
  ×	
  ⅛	
  in.	
  =	
  0.47	
  106	
  in.	
  ≈	
  40’000	
  feet	
  

a	
  pile	
  that	
  is	
  30%	
  higher	
  than	
  Mount	
  Everest!	
  



The	
  Construc\on	
  of	
  the	
  LHC	
  
with	
  a	
  few	
  pictures	
  	
  

Thanks	
  to	
  Katy	
  Foraz	
  for	
  providing	
  the	
  slides	
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90	
  main	
  industrial	
  contracts	
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Civil	
  Engineering	
  

§ 4	
  main	
  contracts	
  
§  Issues	
  :	
  
modifica-on	
  of	
  the	
  scope	
  
35-­‐hours	
  law	
  in	
  France	
  

98 

99 

00 
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Cryogenics	
  
§ 5	
  cryogenic	
  islands	
  installed/modified	
  
§ Cryogenic	
  line:	
  one	
  contract	
  
§ Started	
  in	
  June	
  2003,	
  but	
  stopped	
  	
  
July	
  ’04	
  –	
  Nov.	
  ’04	
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99 

00 

01 

02 

03 
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05 
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07 

08 



Impact	
  of	
  cryogenics	
  distribu\on	
  line	
  delay	
  
98 

99 

00 

01 

02 

03 

04 

05 

06 

07 

08 



Superconduc\ng	
  magnets	
  installa\on	
  
98 

99 

00 

01 

02 

03 

04 

05 

06 

07 

08 



Installing	
  dipoles…	
  
98 

99 

00 

01 

02 

03 

04 

05 

06 

07 

08 



Interconnec\ons	
  of	
  magnets	
  

Task	
  
forces	
  set	
  
up	
  quickly	
  

98 

99 

00 

01 

02 

03 

04 

05 

06 

07 

08 



Hardware	
  Commissioning	
  
98 

99 

00 

01 

02 

03 

04 

05 

06 

07 

08 

Painful	
  start	
  with	
  low	
  Mean	
  Time	
  Before	
  Failure	
  	
  
and	
  high	
  Mean	
  Time	
  Between	
  Recovery,	
  but	
  debugging	
  	
  

was	
  essen@al,	
  and	
  systema@c	
  errors	
  corrected.	
  



September	
  10th	
  2008	
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I	
  guess	
  you	
  understand	
  why…	
  



September	
  10th	
  2008	
  

27	
  



PMBoK	
  Area	
  #1:	
  Project	
  Integra\on	
  Management	
  	
  	
  	
  

Project	
  Integra@on	
  Management	
  includes	
  the	
  ac@vi@es	
  	
  
needed	
  to	
  iden@fy,	
  define,	
  combine,	
  unify	
  and	
  	
  

coordinate	
  the	
  various	
  project	
  management	
  ac@vi@es.	
  

§  Project	
  Charter	
  (i.e.	
  Project	
  Mission	
  Statement)	
  ✔



§  Project	
  Management	
  Plan	
  ✔	
  
§  “LHC	
  Project	
  QAP	
  and	
  Project	
  Organiza@on”	
  
§  with	
  appendices:	
  4	
  cm	
  thick!	
  

§  Integrated	
  Change	
  Control	
  mechanism	
  ✔	
  
§  “Engineering	
  Change	
  Requests	
  /	
  Orders”	
  

§  Coordina\on	
  Forums:	
  LHC-­‐TC,	
  MARIC,	
  TCC,	
  LEMIC…	
  ✔	
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PMBoK	
  Area	
  #2:	
  Project	
  Scope	
  Management	
  	
  	
  	
  

Project	
  Scope	
  Management	
  includes	
  the	
  ac@vi@es	
  needed	
  
to	
  iden@fy	
  the	
  work	
  required,	
  and	
  only	
  the	
  work	
  required	
  

to	
  complete	
  the	
  project.	
  

§ Work	
  Breakdown	
  Structure	
  	
  	
  	
  	
  	
  	
  	
  	
  then	
  ✔	
  

§  1994–2001:	
  not	
  according	
  to	
  state	
  of	
  the	
  art	
  prac@ces	
  
(	
  budget/cost	
  planning	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  technical	
  planning	
  &	
  scheduling	
  )	
  	
  

§  2002–2008:	
  embedded	
  in	
  the	
  LHC	
  Project	
  Control	
  System	
  
§  Certainly	
  too	
  detailed:	
  12’000+	
  Work	
  Units	
  

§  Project	
  Reviews	
  (LHC	
  Cost	
  &	
  Schedule	
  Review	
  Commimee)	
  ✔	
  

PPT-­‐EVM	
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PMBoK	
  Area	
  #3:	
  Project	
  Time	
  Management	
  

Project	
  Time	
  Management	
  includes	
  the	
  ac@vi@es	
  needed	
  	
  
to	
  manage	
  @mely	
  comple@on	
  of	
  the	
  project..	
  

§  Project	
  Master	
  Schedule	
  ✔	
  
§  Project	
  Co-­‐ordina+on	
  Schedules	
  ✔	
  

§  Engineering	
  and	
  manufacturing	
  ac@vi@es:	
  at	
  group	
  level,	
  
then	
  embedded	
  in	
  the	
  LHC	
  Project	
  Control	
  System	
  

§  Construc@on,	
  installa@on	
  and	
  HW/beam	
  commissioning:	
  
centralized,	
  but	
  2	
  systems	
  &	
  CPM	
  par@ally	
  implemented	
  

§  Project	
  Detailed	
  Schedules	
  	
  	
  	
  	
  	
  	
  	
  	
  /	
  ✔	
  
§  Rela@ve	
  freedom:	
  some	
  used	
  systema@cally	
  MS	
  Project,	
  
others	
  draw	
  Ganm	
  charts:	
  no	
  consolida@on	
  possible!	
  

30	
  



3	
  levels	
  of	
  planning	
  &	
  scheduling	
  

31	
  



32	
  



PMBoK	
  Area	
  #4:	
  Project	
  Cost	
  Management	
  	
  	
  	
  

Project	
  Cost	
  Management	
  includes	
  the	
  ac@vi@es	
  involved	
  	
  
in	
  es@ma@ng,	
  budge@ng	
  and	
  controlling	
  costs	
  so	
  that	
  	
  

the	
  project	
  can	
  be	
  completed	
  within	
  the	
  approved	
  budget.	
  

§  Project	
  Cost	
  Es+mate	
  /	
  Budget	
  Breakdown	
  	
  	
  	
  	
  	
  	
  	
  then	
  ✔	
  

§  1994–2001:	
  not	
  according	
  to	
  state	
  of	
  the	
  art	
  prac@ces	
  
(	
  budget/cost	
  planning	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  technical	
  planning	
  &	
  scheduling	
  )	
  	
  

§  2002–2008:	
  quite	
  bemer	
  (EVM	
  oriented),	
  but	
  s@ll	
  not	
  
according	
  to	
  state	
  of	
  the	
  art	
  prac@ces:	
  e.g.	
  no	
  PM	
  Reserve!	
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§  18%	
  overspend	
  announcement	
  …	
  only	
  

§  Technical	
  Coordinator	
  →	
  “the	
  project	
  is	
  behind	
  schedule”	
  

§  Project	
  Administrator	
  →	
  “the	
  project	
  is	
  under-­‐running”	
  

§  LHC	
  PM	
  Team:	
  not	
  in	
  posi@on	
  to	
  demonstrate	
  that	
  the	
  
project	
  could	
  be	
  completed	
  within	
  allocated	
  budget!	
  

CERN’s	
  EVMS	
  	
  |	
  	
  Project	
  audit	
  of	
  2001	
  

Member	
  States	
  asked	
  CERN	
  Management	
  and	
  	
  
the	
  LHC	
  Project	
  Management	
  to	
  set	
  up	
  	
  

a	
  formal	
  Project	
  Control	
  System	
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§  EVM-­‐based	
  project	
  control	
  system	
  
§  Deliverable-­‐oriented	
  physical	
  progress	
  monitoring	
  
§  Interfaced	
  to	
  CERN’s	
  accoun\ng	
  systems,	
  	
  
to	
  get	
  accurate	
  informa@on	
  on	
  actual	
  costs	
  

§  Interfaced	
  to	
  CERN’s	
  contract	
  management	
  system	
  
§  Interfaced	
  to	
  CERN’s	
  human	
  resource	
  system	
  
§  Handle	
  in-­‐kind	
  contribu\ons	
  
§ Web-­‐based	
  	
  
§  Excel	
  spreadsheets	
  to	
  interact	
  with	
  DBs	
  
§  ac@vity	
  scheduling	
  &	
  @me-­‐control	
  repor@ng	
  engines	
  delayed	
  

CERN’s	
  EVMS	
  	
  |	
  	
  The	
  key	
  requirements	
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LHC	
  Project	
  EVMS	
  introduced	
  while	
  AC	
  =	
  CHF	
  1	
  billion!!	
  

§  “Granularity”	
  between	
  breakdown	
  structures	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  →	
  consolida@ons	
  difficult	
  to	
  handle	
  

§  Too	
  many	
  ac@vi@es:	
  12’000+	
  ac\vi\es	
  

§  “Varying	
  granularity”	
  of	
  ac@vi@es:	
  
	
  	
  →	
  	
  from	
  a	
  few	
  kCHF	
  to	
  several	
  MCHF	
  
	
  	
  →	
  	
  from	
  a	
  few	
  weeks	
  to	
  several	
  months	
  

§  Project	
  Engineers	
  planned	
  too	
  op@mis@cally	
  
…to	
  obtain	
  budget	
  (it’s	
  easier	
  to	
  carry	
  over)	
  

§ Weak	
  integra@on	
  with	
  schedule	
  networks	
  

LHC	
  Project	
  EVMS	
  	
  |	
  	
  Weak	
  points	
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§  Design	
  the	
  WBS	
  so	
  that	
  no.	
  of	
  planned	
  ac@vi@es	
  <	
  500	
  

§  Breakdown	
  depth	
  →	
  no	
  responsibility	
  ambiguity	
  

§  Use	
  the	
  Work	
  Package	
  vs.	
  Planned	
  Package	
  feature	
  

§  Constrain	
  the	
  size	
  of	
  the	
  ac@vi@es	
  so	
  that:	
  

§  80%	
  of	
  the	
  budget	
  of	
  the	
  ac@vi@es	
  in	
  range	
  0.2%	
  –	
  2%	
  	
  
E.g.	
  a	
  $1M	
  50’000	
  p·∙hrs	
  →	
  $2k	
  –	
  $20k	
  and	
  100	
  p·∙hrs	
  –	
  1000	
  p·∙hrs	
  

§  Ac@vity	
  dura@on	
  <	
  10%	
  project	
  dura\on	
  and	
  3	
  months	
  

§  No.	
  of	
  level-­‐of-­‐effort	
  ac@vi@es	
  <	
  5%	
  of	
  no.	
  of	
  ac@vi@es	
  

LHC	
  Project	
  EVMS	
  	
  |	
  	
  Lessons	
  learned	
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§  Tailored	
  tools:	
  
§  Excel	
  interface	
  to	
  interact	
  with	
  databases	
  very	
  appreciated	
  
§  strongly	
  integrated	
  with	
  corporate	
  databases	
  

§  Deliverable-­‐oriented	
  approach	
  revealed	
  to	
  be	
  efficient	
  

§  “AC	
  =	
  EV	
  rule”	
  for	
  in-­‐kind	
  contribu@on	
  worked	
  well	
  
§  Contributed	
  to	
  cost	
  consciousness	
  at	
  all	
  levels	
  
§  Change	
  of	
  culture	
  inside	
  the	
  organiza@on	
  
§  Regain	
  confidence	
  of	
  CERN’s	
  	
  
Member	
  States	
  

	
  

LHC	
  Project	
  EVMS	
  	
  |	
  	
  Strong	
  points	
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PMBoK	
  Area	
  #5:	
  Project	
  Quality	
  Management	
  	
  	
  	
  

Project	
  Quality	
  Management	
  includes	
  the	
  ac@vi@es	
  that	
  determine	
  	
  
quality	
  policies,	
  objec@ves	
  and	
  responsibili@es	
  so	
  that	
  	
  

the	
  project	
  will	
  sa@sfy	
  the	
  needs	
  for	
  which	
  it	
  was	
  undertaken.	
  

§  Project	
  Management	
  Plan	
  ✔	
  
§  Engineering	
  Data	
  Management	
  System	
  (EDMS)	
  ✔	
  
§ Manufacturing	
  &	
  Test	
  Folder	
  (MTF)	
  ✔	
  
§  Quality	
  Audit	
  framework:	
  

§  not	
  systema@c,	
  but	
  well	
  achieved	
  on	
  outsourced	
  ac@vi@es	
  ✔	
  

§  not	
  run	
  on	
  ac@vi@es	
  performed	
  by	
  CERN	
  ✗



§  not	
  foreseen	
  as	
  such	
  in	
  the	
  LHC	
  Project	
  QAP	
  ✗
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Document	
  Lifecycle	
  in	
  EDMS	
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PMBoK	
  Area	
  #6:	
  Project	
  HR	
  Management	
  	
  	
  	
  

Project	
  Human	
  Resource	
  Management	
  includes	
  
the	
  processes	
  that	
  organize,	
  manage,	
  and	
  lead	
  the	
  project	
  team.	
  	
  
The	
  project	
  team	
  is	
  comprised	
  of	
  the	
  people	
  with	
  assigned	
  roles	
  	
  

and	
  responsibili@es	
  for	
  comple@ng	
  the	
  project.	
  

§  Human	
  Resource	
  Plan	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  ✔	
  



§  embedded	
  in	
  CERN	
  Human	
  Resource	
  Management	
  

§  not	
  formally	
  achieved	
  as	
  expected	
  by	
  PM	
  Best	
  Prac@ces



§  Organiza+on	
  Breakdown	
  Structure	
  (OBS)	
  ✔



§  “LHC	
  Project	
  QAP	
  and	
  Project	
  Organiza@on”	
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PMBoK	
  Area	
  #7:	
  Project	
  Comm’	
  Management	
  	
  	
  	
  

Project	
  Communica@on	
  Management	
  includes	
  the	
  processes	
  	
  
required	
  to	
  ensure	
  @mely	
  and	
  appropriate	
  genera@on,	
  collec@on,	
  	
  

distribu@on,	
  storage,	
  retrieval,	
  and	
  ul@mate	
  disposi@on	
  	
  
of	
  project	
  informa@on.	
  

§  Project	
  Communica+on	
  Plan	
  ✔	
  
§  “LHC	
  Project	
  QAP	
  and	
  Project	
  Organiza@on”	
  

§  Project	
  Reports	
  ✔	
  
§  twice	
  a	
  year	
  to	
  the	
  CERN	
  Governing	
  Bodies	
  
§  more	
  oxen	
  to	
  various	
  Steering	
  or	
  Advisory	
  Commimees	
  
§  as	
  from	
  2003,	
  EVM	
  Progress	
  Reports	
  
§  publica@ons	
  in	
  journals	
  and	
  talks	
  at	
  conferences	
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PMBoK	
  Area	
  #8:	
  Project	
  Risk	
  Management	
  	
  	
  	
  

Project	
  Risk	
  Management	
  includes	
  the	
  processes	
  of	
  conduc@ng	
  	
  
risk	
  management	
  planning,	
  iden@fica@on,	
  analysis,	
  response	
  	
  

planning,	
  and	
  monitoring	
  and	
  control	
  on	
  a	
  project.	
  	
  

§  Project	
  Risk	
  Management	
  Plan	
  ✗


§  Project	
  Risk	
  Register	
  	
  	
  	
  	
  	
  	
  	
  and	
  ✗	
  

§  one	
  ini@a@ve	
  in	
  2002–2004	
  to	
  iden@fy	
  risks	
  associated	
  
with	
  Supply	
  Contracts



§  Project	
  Con+ngency	
  Plans	
  ✗


§  Risk	
  Analysis	
  
§  Safety	
  Documenta\on:	
  wrimen	
  by	
  a	
  task	
  force	
  in	
  2005–2007!	
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PMBoK	
  Area	
  #9:	
  Project	
  Procurement	
  Management	
  	
  	
  	
  

Project	
  Procurement	
  Management	
  includes	
  the	
  processes	
  	
  
necessary	
  to	
  purchase	
  or	
  acquire	
  products,	
  services,	
  or	
  results	
  
	
  needed	
  from	
  outside	
  the	
  project	
  team.	
  It	
  also	
  includes	
  the	
  

contract	
  management	
  and	
  change	
  control	
  processes	
  required	
  	
  
to	
  develop	
  and	
  administer	
  contracts	
  or	
  purchase	
  orders	
  	
  

issued	
  by	
  authorized	
  project	
  team	
  members.	
  

§  Project	
  Procurement	
  Plan	
  ✔	
  
§  appended	
  to	
  “LHC	
  Project	
  QAP	
  and	
  Project	
  Organiza@on”	
  
§  templates	
  for	
  Technical	
  Descrip@ons	
  and	
  Specifica@ons	
  

§  Specifica\on	
  Commipee	
  mechanism	
  
§  Propaga@on	
  of	
  Engineering	
  Changes,	
  not	
  straighyorward.	
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Some	
  physics	
  results!	
  It	
  works!	
  



§ Choose	
  the	
  right	
  tool:	
  	
  ac\vi\es	
  +	
  deliverables	
  
§ off-­‐the-­‐shelf	
  PM	
  Informa@on	
  Systems?	
  
§ no	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  between	
  cost,	
  schedule,	
  risks,	
  proc.	
  

§ S@ck	
  to	
  a	
  PM	
  Standard	
  (e.g.	
  PMBoK	
  +	
  ANSI	
  #748)	
  
§ Be	
  systema\c	
  for	
  building	
  the	
  PBS,	
  WBS,	
  for	
  
iden@fying	
  ac@vi@es,	
  for	
  scheduling…	
  

§ Promote	
  that	
  PM	
  informa@on	
  is	
  to	
  be	
  shared	
  
§ Prefer	
  a	
  framework	
  that	
  is	
  deliverable-­‐oriented	
  
§ Consider	
  “rolling-­‐wave	
  planning	
  &	
  scheduling”	
  

Summary	
  :	
  Lessons	
  learned	
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Thank	
  you.	
  


