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APPROACH

 Extensive program of work initiated by Ministry of Social Affairs & 
Employment in the Netherlands 2003-current
 Accident model developed within a group of experts with expertise 

in safety management and risk assessment:  
 Tailor-made software for recording analysis of cause and effect 

data from accident reports: StorybuilderTM

 Detailed accident reports of the Labour Inspectorate
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STORYBUILDER, NL

 Databases of Dutch accidents 

- 2005-2012 Major hazards: 210 ongoing

- 1998-2009 Most serious occupational accidents (~1%) of all :  23.000

 Accident causation model

- What to analyse

 Software

- Storybuilder I: Single –user PC-based since 2004, built by White Queen

- Storybuilder II: Multi-user prototype 2013 (Phase 1), built by ICT group, 
Dutch National Institute for Public Heath and the Environment (RIVM)
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MAJOR HAZARDS

 200+ Chemical Loss of Containment  (LOC) accidents 2005-
2012 ….. (approx 30/yr investigated)
 175 Dutch upper tier Seveso plant accidents
 64 refineries - all Major Accident Reporting System (64 MARS 

accidents). 
 87 overfillings  (77 UK accidents, 5 Dutch accidents,1 US)
……of which 9 were MARS reportable 
 21 tanks storage & warehouses (14 MARS accidents)
 UK Health & Safety Laboratory also have a model with ~1000 

chemical accidents
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THE MODEL 
DETERMINES KIND OF DATA COLLECTED
 Bow-tie
 Safety barriers
 People doing tasks
 Management resource delivery systems

Z E M A  2 0  Y E A R S  O F  C E N T R A L  R E P O R T I N G  A N D
E V A L U A T I O N ,  B O N N ,  2 1  N O V E M B E R  2 0 1 3 5



6

 Same model used for occupational and major accident analysis

MODEL
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THE BOW-TIE
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GRAPHIC STORYBUILDER STRUCTURE
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CODED EVENTS
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PLOT ACCIDENT PATHS THROUGH STRUCTURE
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THE IDEA

• Recreate the story of an accident  in the bow-tie

• Build up the bow-tie model from the stories

• Count the common points of failure

Walking through woods …..Stray from the path ……………..Eaten by wolf            
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For example..



SELECT ONE OF 36 BOW-TIES
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WHAT WAS THE ACTIVITY AT THE TIME?
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AGENT OF HARM:
EQUIPMENT OR LIVING ORGANISM
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Can always add a 
missing category if 
analyst considers that 
desirable



WHAT WENT WRONG?
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WHY DID IT GO WRONG
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CENTRE EVENT
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RIGHT HAND SIDE OF BOW-TIE:
EFFECT AND CONSEQUENCE REDUCING 
BARRIERS
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DOSE DETERMINING FACTORS
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INJURY
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CONSEQUENCES
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MULTIPLE EVENTS
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Once a lot of accidents have 
been entered  can count  how 
often underlying events 
occurred.

Which events occur most?



FACTS AND FIGURES SHEETS GIVE OVERVIEW
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FACTS & FIGURES: BARRIER FAILURES
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FACTS & FIGURES: UNDERLYING CAUSES
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MAJOR HAZARDS
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SAME PRINCIPLES ARE 
APPLIED TO MAJOR 
HAZARD LOSS OF 
CONTAINMENT 
ACCIDENTS
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LINES OF DEFENCE (LOD)

Typical in Occupational

Accidents: One preventive LOD
Barrier 
failure

30

CENTRE EVENT
Release of the 
hazard agent/ 

contact
ACTIVITY
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LINES OF DEFENCE MAJOR HAZARDS
1st LOD 2nd LOD 3rd LOD Etc.
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CENTRE 
EVENT

Release of 
the hazard 

agent/ 
contact

ACTIVITY
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MAJOR HAZARD MODEL
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Tank begins to overfill (Buncefield)

Failure of level 
gauge

Failure of automatic shutdown

No way to stop 
the release

Ignition;
secondary containment failures

Luckily it was early 
Sunday morning 

Petrol spills 
out of tank 
roof vents



OVERFILLING–87 ACCIDENTS (DURING 
BUNCEFIELD 2005 INVESTIAGTION)
Types of BARRIER FAILURE MODE for overfilling:

1 Batch size preparation failure (e.g. not done, miscalculated)

2. Connection failure: wrong containments were connected or at wrong time

3. Flow feed control failure:
• flow too high
• flow duration too long

4. Flow discharge control failure:
• flow too low
• flow duration too short
• reverse flow: feeding instead of discharging



BARRIER FAILURES (% OF ALL 
OVERFILLING ACCIDENTS)
LEVEL DEVIATION 
Batch size preparation failure 34%
Flow feed control failure  

(Too high flow or too long) 33%
Connection failure 20%
Unknown  9%
Flow discharge control failure 8%

OVERFILLING
Indication failure 56%
Response failure 21%
Detection failure 16%
Unknown 17%
Diagnosis failure 1%



OVERFILLING–87 ACCIDENTS (DURING 
BUNCEFIELD 2005 INVESTIAGTION)
Types of BARRIER FAILURE MODE for overfilling:

1 Batch size preparation failure (e.g. not done, miscalculated)

2. Connection failure: wrong containments were connected or at wrong time

3. Flow feed control failure:
• flow too high
• flow duration too long

4. Flow discharge control failure:
• flow too low
• flow duration too short
• reverse flow: feeding instead of discharging



MANAGEMENT DELIVERY SYSTEM FAILURES
(% OF OVERFILLINGS)
 Lack of equipment to indicate the process deviation 

38%
 Lack of competence to do batch size preparation 18%
 Lack of equipment for control of flow 13%
 Lack of competence to make the right connections 

(e.g. line up, timing valve ops) 11%
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CAUSES OF 137 LOCS (NL + EU MARS)
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DUTCH SEVESO ACCIDENTS & REFINERIES
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SUMMARY
 Good tool and model for generating products for helping the 

inspector 
 Resilient in being able to answer questions.
 Inspectors use the occupational accident database  for 

planning inspections
 Inspectors use the major hazards database for reporting to 

parliament
 Storybuilder and the occupational accident database are free 

for anyone to use.
(The major hazard database is NOT freely available).
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LINKS

The database itself is bilingual (EN and NL). The software has an English interface 
and help:

http://www.rivm.nl/en/Topics/S/Storybuilder_ENG (English web page)

http://www.rivm.nl/Onderwerpen/S/Storybuilder (Dutch web page).

Video help on You Tube:

http://www.youtube.com/user/StorybuilderHelp
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