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About	  Me	  
•  B.S.	  &	  M.S.	  in	  Fire	  ProtecNon	  Engineering	  from	  UMD	  
•  MBA	  R.H.	  Smith	  School	  
•  PhD	  Candidate	  University	  of	  Waterloo	  
•  Licensed	  FPE	  

•  Subject	  MaWer	  Expert	  (SME)	  for	  Saudi	  Aramco	  
–  Loss	  PrevenNon	  
–  Fire	  ProtecNon	  
–  Hazard	  and	  Risk	  Assessment	  

•  Adjunct	  Professor	  &	  VisiNng	  Researcher	  UMD	  
–  Industrial	  Fire	  ProtecNon	  
–  Fire	  &	  Explosion	  InvesNgaNon	  

•  Principal	  Fire	  &	  Risk	  Alliance	  	  	  	  	  	  	  	  	  	  	  	  	  	  www.fireriskalliance.com	  
•  Principal	  Custom	  Spray	  SoluNons	  	  	  	  	  	  www.customspraysoluNons.com	  



PresentaNon	  Overview	  

•  OpNmal	  Time	  to	  Prepare	  Strategy	  

•  Tank	  Fire	  Scenarios	  

•  Defining	  Acceptable	  Loss	  (Risk)	  &	  Assessment	  Methods	  
–  Lives	  
–  Monetary	  (Business	  interrupNon,	  loss	  of	  market,	  public	  image)	  
–  PrescripNve	  vs.	  Performance	  
–  QualitaNve	  vs.	  QuanNtaNve	  

•  OpNmizing	  ProtecNon	  
–  Fixed	  
–  Semi-‐fixed	  
–  Manual	  emergency	  response	  



ProtecNon	  Strategy	  DefiniNon	  

•  When	  is	  the	  best	  Nme	  to	  prepare	  your	  protecNon	  
strategy?	  

•  What	  can	  you	  do	  at	  various	  stages	  of	  the	  facility	  life	  
cycle	  to	  prevent/miNgate	  incidents?	  

•  How	  can	  a	  well	  thought	  out	  plan	  affect	  the	  outcome	  of	  
events?	  



Life	  Cycle	  of	  a	  Facility	  



Life	  Cycle	  of	  a	  Facility	  



Typical	  Tank	  ConstrucNon	  
•  FloaNng	  Roof	  Tank	  

Wikicommons:	  hWp://upload.wikimedia.org/wikipedia/commons/c/c0/External_floaNng_roof_tank_(double_deck).png	  



Primary	  Causes	  of	  Tank	  Failure	  

C.D.	  Argyropoulos	  et	  al.	  /	  Journal	  of	  Loss	  PrevenNon	  in	  the	  Process	  Industries	  25	  (2012)	  



Typical	  Tank	  Fire	  Scenarios	  



Fire	  Progression	  



Explosions	  

•  If	  a	  flammable	  liquid	  release	  occurs	  and	  igniNon	  is	  not	  
immediate	  an	  explosion	  (fireball	  with	  associated	  
pressure	  wave)	  may	  occur	  

•  Explosions	  have	  the	  ability	  to	  escalate	  an	  incident	  
quickly	  and	  ojen	  are	  the	  iniNaNng	  event	  in	  incidents	  
involving	  mulNple	  tanks	  

•  Quickly	  escalate	  incident	  from	  a	  single	  tank	  to	  other	  
tanks	  or	  equipment	  



Example:	  Explosion	  Overpressure	  



Example:	  Explosion	  Overpressure	  



“None	  of	  the	  losses	  listed	  in	  this	  document	  
should	  be	  considered	  “black	  swan”	  events”	  

Marsh,	  The	  100	  Largest	  Losses,	  1974-‐2014	  

Need	  For	  ProtecNon	  &	  Prior	  Incidents	  

•  EsNmated	  15-‐20	  tank	  fires	  per	  year	  worldwide	  

•  Average	  frequency	  of	  fire	  0.362	  x	  10-‐3/tank	  yr	  

•  Implies	  1	  fire	  per	  ~2700	  tanks	  

•  Rate	  and	  magnitude	  of	  incidents	  is	  not	  decreasing	  

•  Tank	  sizes	  and	  storage	  capacity	  is	  increasing	  

•  Most	  guidance	  only	  “good”	  up	  to	  200’	  in	  diameter	  



Prior	  Incidents	  



Prior	  Incidents	  



Prior	  Incidents	  

•  Many	  studies	  provide	  informaNon	  on	  incidents	  
–  LASTFire	  
–  Mansour	  2012	  
–  Chang	  et.	  al.	  2004	  
–  Persson,	  Lonnermark	  2004	  



What	  is	  Risk?	  

•  Risk=Consequences	  x	  Probability	  

•  Risk	  deals	  with	  the	  realizaNon	  of	  a	  hazard,	  that	  is	  the	  
consequences	  of	  a	  hazard	  *	  the	  probability	  that	  the	  
hazard	  will	  come	  to	  fruiNon	  

• We	  encounter	  risk	  all	  the	  Nme	  in	  all	  our	  daily	  acNons.	  
•  Driving	  a	  car	  
•  Walking	  across	  the	  street	  
•  Etc.	  

– Risk	  is	  unavoidable!	  However	  we	  can	  minimize	  it	  



Acceptable	  Loss	  

•  Most	  ojen	  put	  in	  terms	  of	  	  
•  “Accepted	  Risk”	  or	  “Approved	  Risk”	  

•  Accepted	  Risk:	  is	  a	  risk	  that	  is	  knowingly	  accepted	  by	  
the	  persons	  that	  are	  exposed,	  regardless	  of	  the	  level	  
of	  risk.	  	  

•  Approved	  Risk:	  a	  risk	  that	  has	  been	  approved	  by	  the	  
appropriate	  authority	  or	  regulator	  on	  behalf	  of	  
workers	  or	  the	  general	  community.	  This	  risk	  may	  or	  
may	  not	  be	  accepted	  by	  those	  exposed.	  



Acceptable	  Loss	  

•  An	  “Acceptable	  Loss”	  is	  a	  loss	  that	  is	  deemed	  within	  
reason	  for	  a	  business.	  

•  Think	  of	  it	  as:	  “What	  are	  we	  willing	  to	  lose	  (risk)	  to	  
achieve	  our	  goal?”	  

•  Zero	  loss	  is	  not	  achievable,	  therefore	  everyone	  and	  
every	  business	  has	  an	  explicit	  or	  implicit	  Acceptable	  
Loss	  Criteria	  



How	  to	  Reduce	  Risk	  

•  SystemaNc	  Risk	  ReducNon	  

•  Reduce	  hazards	  in	  faciliNes	  
•  Implement	  safer	  process	  designs	  
•  Increase	  reliability	  of	  systems	  
•  Increase	  fire	  suppression	  capabiliNes	  
•  Transfer	  risk	  

– This	  all	  sounds	  “easy”	  but	  how	  do	  you	  actually	  do	  it?	  



Risk	  &	  The	  NFPA	  550	  Fire	  Safety	  
Concepts	  Tree	  



Assessing	  Risk	  

•  QualitaNve	  
–  RelaNve	  risk	  indexes	  
–  Risk	  matrices	  

•  QuanNtaNve	  
–  CalculaNons	  of	  consequences	  
–  Link	  to	  probability	  of	  incident	  



Basic	  Process	  

1.  Discuss	  risk	  posiNon	  with	  stakeholders	  
2.  Define	  and	  understand	  the	  hazards	  &	  risk	  that	  may	  

be	  present	  
a.  Consequences	  &	  ProbabiliNes	  

3.  Agree	  on	  Accepted	  or	  Approved	  risk	  criteria	  
4.  Evaluate	  exisNng	  or	  proposed	  miNgaNon	  
5.  IdenNfy	  gaps	  between	  Actual	  Risk	  &	  ProtecNon	  
6.  Choose	  how	  to	  handle	  “addiNonal”	  risk	  

a.  Accept	  the	  Risk	  
b.  Reduce	  the	  Risk	  
c.  Transfer	  the	  Risk	  



Stakeholders	  

•  There	  are	  numerous	  stakeholders	  that	  should	  be	  
consulted	  
•  Treasury	  
•  Engineering	  
•  Maintenance	  
•  Fire	  ProtecNon/Loss	  PrevenNon	  
•  Responsible	  agent	  for	  standards	  
•  Public/Government	  representaNves	  

• Each	  stakeholder	  plays	  a	  key	  role	  and	  has	  a	  unique	  
perspecNve	  



QualitaNve	  vs.	  QuanNtaNve	  

•  QualitaNve	  
•  Ojen	  quicker	  
•  May	  be	  less	  expensive	  iniNally	  
•  Provides	  a	  means	  of	  ranking,	  but	  is	  limited	  to	  framework	  in	  

which	  informaNon	  is	  presented	  (i.e.	  cannot	  compare	  risk	  
between	  different	  methods)	  

•  Can	  be	  viewed	  as	  an	  “average”	  risk	  in	  many	  cases,	  you	  may	  
not	  capture	  the	  true	  risk	  



QualitaNve:	  Classifying	  Risk	  

•  Use	  a	  Hazard	  Risk	  Matrix	  to	  classify	  the	  the	  risk	  

Frequency of 
occurrence of a 
hazardous event 

Risk Levels 

Frequent Undesirable Intolerable Intolerable Intolerable 
Probable Tolerable Undesirable Intolerable Intolerable 

Occasional Negligible Undesirable Undesirable Intolerable 
Remote Negligible Tolerable Undesirable Undesirable 

Improbable Negligible Negligible Tolerable Tolerable 
Incredible Negligible Negligible Negligible Negligible 

 Insignificant Marginal Critical Catastrophic 
 Severity Level of Hazard Consequence 

 



QualitaNve	  vs.	  QuanNtaNve	  

•  QuanNtaNve	  
•  May	  take	  longer	  in	  some	  cases	  
•  Provides	  quanNtaNve	  physical	  results	  that	  can	  be	  compared	  

with	  other	  risks	  and	  across	  faciliNes	  
•  Allows	  for	  a	  detailed	  analysis	  of	  consequences	  
•  Provides	  data	  that	  can	  result	  in	  truly	  opNmized	  performance	  

based	  soluNons	  



PrescripNve	  vs.	  Performance	  

•  QuanNtaNve	  vs.	  QualitaNve,	  assumpNon	  is	  that	  
guidelines	  and	  standards	  that	  specify	  protecNon	  are	  
linked	  to	  performance.	  

•  Stated	  requirement	  inherently	  has	  minimum	  
performance	  associated	  with	  it.	  
–  Is	  the	  performance	  acceptable?	  

•  Performance	  requires	  understanding	  of	  consequences	  
–  Design	  to	  meet	  stated	  goals,	  not	  to	  a	  specific	  standard	  
–  In	  some	  cases	  this	  may	  be	  more	  or	  less	  than	  standard	  

requires	  



Risk	  &	  Tanks	  

•  Already	  established	  that	  the	  observed	  incidents	  are	  
not	  “Black	  Swan”	  incidents	  

•  Desire	  to	  reduce	  probability	  of	  tank	  fires	  
•  Some	  residual	  probability	  exists	  and	  this	  is	  the	  reason	  

for	  fire	  protecNon	  systems;	  assumpNon	  is	  the	  layers	  of	  
protecNon	  have	  failed	  and	  that	  the	  consequences	  for	  
an	  unmiNgated	  event	  are	  too	  high	  

•  Therefore	  key	  component	  is	  fire	  size	  and	  tank-‐to-‐tank	  
radiaNon	  potenNal	  



Risk	  ReducNon	  Flowchart	  

System
Design

Hazard
Identification

Hazard Risk
(Severity/Probability)

Established

Risk Measured
Against HRI

Matrix Criteria

Apply Re-design
Precedence

Criteria

Risk
Acceptable?

1. Redesign to eliminate hazard, or reduce likelihood
2. Incorporate mitigation, e.g. safety devices
3. Provide warnings
4. Develop procedures and training

Identify Hazard and Risk Assess Risk

TAKE ACTION

Operator / Crew
Training Required

Continue design.
Document analysis
and justification

No Yes



Methods	  of	  EvaluaNng	  RadiaNon	  

•  Hand	  calculaNons/Spreadsheets	  
•  Experimental	  data	  
•  Simple	  computer	  models	  

–  Phast	  
–  Breeze	  Incident	  Analysis	  

•  ComputaNonal	  Fluid	  Dynamics	  (CFD)	  Models	  



Effects	  of	  Radiant	  Heat	  Flux	  

Incident	  Heat	  Flux	   Effect	   Es<mated	  Surface	  T	  (C)	  

1.4	  
Harmless	  for	  person	  without	  any	  special	  protecNon	  for	  short	  
exposure	   150	  

2.1	   Minimum	  required	  to	  casue	  pain	  ajer	  60s	   185	  
4.7	   Causes	  pain	  in	  15-‐20s	  and	  burns	  ajer	  30s	   275	  
6.3	   Tolerance	  limit	  for	  firefighters	  completely	  protected	  by	  turnout	  gear	   330	  
10.0	   Certain	  polymers	  (EFR	  clothing)	  may	  ignite	   380	  
11.7	   Partly	  or	  non-‐insulated	  steel	  may	  lose	  integrity	   405	  
12.6	   Wood	  will	  ignite	  ajer	  prolonged	  exposure,	  100%	  lethality	   420	  
25.0	   Fully	  insulated	  steel	  may	  lose	  integrity	   545	  
37.5	   Damage	  to	  process	  equipment	  and	  collapse	  of	  structures	   630	  



Typical	  RadiaNon	  Flame	  Shapes	  

Mansour,	  2012	  



Example	  Tank	  Terminal:	  Phase	  1	  



Empirical	  RadiaNon	  to	  Target	  

Distance)(m)

Diameter)(m)

10 15.4 5.115 2.68 1.23 1.19 0.97 0.75 0.63 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.07
15 29.34 9.747 5.12 2.34 2.27 1.84 1.43 1.19 0.96 0.8 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.2 0.13
20 46.36 15.4 8.08 3.7 3.59 2.91 2.25 1.88 1.51 1.2 1 0.8 0.7 0.7 0.6 0.5 0.4 0.3 0.21
30 88.34 29.34 15.4 7.06 6.84 5.55 4.29 3.59 2.89 2.3 1.8 1.6 1.4 1.3 1.2 1 0.8 0.5 0.4

34.1 108.3 35.97 18.9 8.65 8.38 6.8 5.26 4.4 3.54 2.8 2.2 2 1.7 1.5 1.5 1.3 0.9 0.6 0.49
37.5 126 41.84 22 10.1 9.75 7.91 6.12 5.12 4.12 3.2 2.6 2.3 2 1.8 1.7 1.5 1.1 0.8 0.56
40 139.6 46.36 24.3 11.2 10.8 8.77 6.78 5.67 4.56 3.6 2.9 2.5 2.2 2 1.9 1.6 1.2 0.8 0.63

48.2 187.7 62.36 32.7 15 14.5 11.8 9.12 7.62 6.13 4.8 3.9 3.4 3 2.7 2.5 2.2 1.6 1.1 0.84
50 199 66.11 34.7 15.9 15.4 12.5 9.67 8.08 6.5 5.1 4.1 3.6 3.2 2.8 2.7 2.3 1.7 1.2 0.89

59.4 261.7 86.94 45.6 20.9 20.3 16.4 12.7 10.6 8.55 6.7 5.4 4.7 4.2 3.7 3.5 3 2.2 1.6 1.17
60 265.9 88.34 46.4 21.3 20.6 16.7 12.9 10.8 8.69 6.8 5.5 4.8 4.2 3.8 3.6 3.1 2.3 1.6 1.19

65.8 308 102.3 53.7 24.6 23.8 19.3 15 12.5 10.1 7.9 6.3 5.6 4.9 4.4 4.2 3.6 2.6 1.8 1.38
75 379.2 126 66.1 30.3 29.3 23.8 18.4 15.4 12.4 9.7 7.8 6.8 6 5.4 5.1 4.4 3.2 2.3 1.7

100 599.1 199 104 47.9 46.4 37.6 29.1 24.3 19.6 15 12 11 9.6 8.5 8.1 6.9 5.1 3.6 2.68
125 854.3 283.8 149 68.3 66.1 53.7 41.5 34.7 27.9 22 18 15 14 12 12 9.9 7.3 5.1 3.83

10 20 30 50 7549 57 67 30086 125 150 200 250115 135 145 165100



Example	  Tank	  Terminal:	  Phase	  1	  



Example:	  RadiaNon	  &	  Cooling	  



Example:	  RadiaNon	  &	  Personnel	  



RadiaNon	  



Boilover	  

Shaluf	  &	  Abdullah,	  2011	  



Boilover	  



Tank	  ExNnguishment	  vs.	  Cooling	  

•  Desire	  to	  exNnguish	  tanks	  requires	  water	  &	  foam	  
sufficient	  for	  tank	  
–  This	  is	  “easy”,	  well	  established	  guidelines	  for	  what	  is	  

necessary	  
–  Challenge:	  as	  tanks	  get	  larger	  requirements	  are	  higher	  and	  

physical	  performance	  of	  systems	  becomes	  limited	  
–  Infrastructure	  &	  logisNcs	  becomes	  complex	  

•  PrevenNon	  of	  incident	  expansion	  requires	  cooling	  
–  This	  is	  “easy”	  as	  well	  
–  Are	  esNmates	  reasonable	  for	  provision	  of	  cooling	  water	  



Manual	  Tank	  Suppression	  &	  
ExNnguishment	  

API	  2001	  Recommended	  Applica3on	  Rates	  

Tank	  Diameter	  (F)	   ApplicaJon	  Rate	  (gpm/F2)	  

0-‐150	   0.16	  

151-‐200	   0.18	  

201-‐250	   0.20	  

251-‐300	   0.22	  

300+	   0.25	  



Manual	  Tank	  Suppression	  &	  
ExNnguishment	  
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Nozzle	  Spray:	  Fallout	  



Nozzle	  Spray	  



Nozzle	  Spray	  



Theory	  vs.	  Experiments	  vs.	  
PredicNons	  

So	  Why	  Does	  This	  MaPer?	  



OpNmizing	  ProtecNon:	  OpNons	  

•  Spacing:	  criNcal	  importance,	  radiaNon	  behaves	  
according	  to	  the	  inverse	  square	  law	  (1/R2),	  thus	  a	  
doubling	  of	  the	  spacing	  produces	  a	  radiant	  heat	  flux	  ¼	  
as	  high	  

•  Quality	  automaNc	  suppression:	  well	  specified	  
protecNon	  systems	  can	  quickly	  address	  fires	  in	  the	  
early	  stages,	  reducing	  the	  need	  for	  full-‐surface	  fire-‐
fighNng.	  

•  DetecNon:	  gauging	  of	  the	  system	  to	  prevent	  spills	  and	  
gas	  monitoring	  to	  detect	  vagrant	  gasses	  

•  Preplan:	  plan	  and	  rehearse	  for	  a	  variety	  of	  fire	  events	  
and	  create	  a	  “playbook”	  for	  emergency	  responders	  



Design	  &	  Spacing	  

•  Spread	  tanks	  
•  Keep	  them	  in	  separate	  bunds	  
•  Isolate	  tanks	  that	  have	  a	  greater	  potenNal	  for	  boilover	  
•  Equipment	  that	  have	  higher	  probabiliNes	  of	  leakage	  

(i.e.	  manifolds,	  pumps,	  etc.)	  should	  be	  located	  outside	  
of	  bunds	  if	  possible	  

•  Think	  about	  fire	  fighter	  access	  to	  equipment	  and	  
staging	  
–  Road	  access,	  effects	  of	  maintenance,	  mulNple	  routes	  



LocaNon	  of	  Emergency	  Response	  
Equipment	  



RadiaNon	  vs.	  SeparaNon	  Distance	  
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0.5D	  	  	  	  	  	  	  1D	  	  	  	  	  	  	  1.5D	  	  	  	  2D	  
66kW/m2	  	  	  19kW/m2	  	  	  	  	  	  	  	  8kW/m2	  	  	  4kW/m2	  



Suppression	  OpNons	  

•  Fixed	  protecNon	  (dedicated	  supply)	  
–  Rim	  seal	  system	  
–  Deluge	  skid	  
–  ProporNoning	  skids	  
–  Foam	  pourers	  

•  Semi-‐fixed	  protecNon	  
–  Portable	  pumps	  
–  Fixed	  piping	  &	  nozzles	  

•  Mobile/Manual	  suppression	  
–  Monitors	  
–  Water	  transport	  (pumps,	  hoses)	  
–  Water	  from	  remote	  locaNon	  

Increasing	  
Capacity	  

Response	  
Time	  



Large	  Capacity	  Mobile	  Response	  
(MERS)	  

Flow	  volume:	   	  up	  to	  13,000	  gpm	  per	  monitor	  
Maximum	  throw:	   	  500’	  theoreNcally	  



Suppression	  (MERS)	  

•  400’	  tank	  would	  require	  ~35,000	  gpm	  if	  applied	  
manually	  

•  API	  suggests	  6	  hours	  of	  water	  supply	  available	  
–  2,100,000	  gallons	  per	  hour	  
–  12,600,000	  gallons	  of	  water	  required	  for	  exNnguishment	  

•  Foam	  concentrate	  
–  63,000	  gallons/hr	  



Conventional Inventory 
22-Tote Trailer 

DCP Skid 

Super Pump 

Sub-‐25	  

12” Hose Trailers (1,000 m x 12”) 



Suppression	  (Hybrid	  System)	  

•  Relies	  on	  fixed	  nozzles	  and	  pourers	  
•  Fixed	  piping	  to	  tank	  and	  to	  manifold	  
•  Water	  and	  pumps	  provided	  from	  mobile	  response	  



Suppression	  (Hybrid	  System)	  



Cooling	  Water	  Requirements	  

•  Typically	  calculated	  based	  on	  the	  anNcipated	  exposure	  

•  Need	  to	  determine	  what	  “neighboring”	  means	  from	  
radiaNon	  analysis	  earlier	  



Cooling	  Example	  

Wind	  



Cooling	  Example	  

H2O = Σ 0.10gpm / ft 2( )∗ 1
3( ) 2πrh( )⎡

⎣
⎤
⎦

= 3∗ 0.10gpm / ft 2( )∗ 1
3( ) 2π (125( )(60)⎡

⎣
⎤
⎦

= 2355gpm



Why	  Cool	  



Performance	  &	  Cost	  Impact	  

•  55%	  reducNon	  in	  cost	  

•  60%	  less	  water	  

•  60%	  less	  foam	  concentrate	  

•  Significantly	  fewer	  man	  power	  resources	  required	  



Development	  of	  Response	  Plan	  

•  Vital	  to	  develop	  detailed	  plan	  covering	  all	  relevant	  
aspects	  of	  response	  

•  Should	  cover	  all	  possible	  incidents	  and	  protecNon	  
available	  

•  Also	  should	  develop	  “playbook”	  for	  day	  of	  incident	  for	  
quick	  access	  
–  Key	  contact	  informaNon	  
–  Tabs	  for	  each	  tank/area	  
–  Approach	  routes	  
–  Water	  supply	  
–  AnNcipated	  cooling	  requirements	  



Fire	  Preplan:	  Incident	  Command	  
Structure	  



Fire	  Preplan:	  Reference	  Document	  

•  Prepare	  full	  preplan	  including	  the	  following:	  
–  Site	  specific	  informaNon	  

•  Site	  plan	  
•  Local	  resources	  available	  
•  Maps	  and	  photos	  from	  potenNal	  staging	  areas	  

–  Roles	  and	  responsibiliNes	  
•  ICS	  
•  First	  Responders	  
•  Commander	  
•  Internal/External	  responders	  

–  Tank	  InformaNon	  Sheets	  
•  Size	  
•  Contents	  
•  Fixed/Semi-‐fixed	  protecNon	  
•  ApplicaNon	  rates	  



Example	  Tank	  InformaNon	  Sheet	  



Fire	  Preplan:	  Reference	  Document	  

•  Fire	  situaNons	  
–  Vent	  fire	  
–  Bund	  fire	  
–  Seal	  fire	  
–  Full	  surface	  fire	  
–  Exposed	  adjacent	  tanks	  
–  BLEVE	  
–  Boilover	  

•  Firewater	  system	  details	  
–  Capacity	  
–  Hydrant	  locaNons	  
–  Monitor	  locaNons	  



Emergency	  Access	  Routes	  



PracNce	  &	  Maintain	  

•  Once	  your	  system	  is	  in	  place	  it	  is	  vital	  to	  pracNce	  the	  
emergency	  response	  plan	  rouNnely	  

•  CriNcal	  that	  systems	  are	  maintained	  to	  ensure	  
funcNonality	  when	  required	  
–  PreventaNve	  systems	  
–  DetecNon	  systems	  
–  ProtecNon	  systems	  



PracNce	  At	  the	  Scene	  



Maintenance	  



Summary	  

•  Large	  tanks	  can	  pose	  a	  challenge	  to	  protect	  
•  While	  low	  probability	  events	  the	  consequences	  can	  be	  

catastrophic	  
•  Well	  thought	  out	  planning	  and	  design	  can	  minimize	  

complexiNes	  
•  Number	  of	  protecNon	  opNons	  based	  on	  available	  

resources	  
•  Maintenance	  and	  Rehearsal	  of	  scenarios	  is	  essenNal	  



AddiNonal	  InformaNon	  
	  

	  
	  


