
Accident 1: Vibration 
originating from cavitation
 
Sequence of events 
A specialized rubber manufacturing 
plant experienced leakage of a hexane 
solution from a pump discharge flange 
during use.  The hexane vapor was ig-
nited by a static electricity spark and a 
fire occurred. Apparently, the flange was 
loosened by vibrations from the pump. 
Routine operations were being carried 
out on site at the time of the accident. 
The operation involved the transfer of a 
hexane solution from an un-reacted raw 
material recovery tank to the washing 
process through the outlet of the first 
flange of the pump. The hexane solution 
leaked, ignited, and burned. The financial 
costs of recovery and lost production 
were significant. 

Causes
The cause of the accident was a loose 
flange that resulted in leakage of a flam-
mable substance.  During the operation, 
a previously undetected cavitation in 
the pump produced significant vibration 
which loosened the flange. As a cause 
of the ignition it was considered that the 
hexane was charged when it spouted 
from the flange, and static electricity was 
discharged; then hexane vapor ignited 
and a fire occurred. 

Important findings
•	 The investigation revealed that pump 

vibrations loosened the flange. The 
cause of the cavitation was not identi-
fied in the accident attribution, though it 

could possibly also be attributed to age-
ing (wear-and-tear, corrosion) or possi-
bly a design flaw.  Nonetheless a vibra-
tion strong enough to loosen a flange, 
should have been a cause of concern 
well before the accident occurred.

•	 It was considered that the vibration 
might have been intensified by the 
passage of an insoluble polymer lump 
through the pump, a malformation in 
the substance generated on the piping 
wall. In addition, a reducer connected 
a 3-inch (~75mm) flange of the dis-
charge pump to 6-inch (~150mm) pip-
ing. The looseness of this flange might 
have been accelerated when the force 
of vibration was added on the piping.

 
Lessons learned
•	 Vibrating equipment can increase po-

tential for stress fractures and gaps 
from loosely fitting interfaces, all of 
which can be sources of leaks that, if 
undetected, may result in an accident. 
It is necessary to pay sufficient atten-
tion to vibrating equipment, especially 
pumps that may be found in many 
processes throughout the site. Control 
measures to mitigate potential risks 
could include regularly scheduled in-
spections in line with existing technical 
standards or in-house experience, par-
ticular attention to small-bore piping 
(vulnerable to fatigue), installation of a 
vibration monitor to detect and locate 
abnormal vibration patterns, as well as 
other measures available in guidance 
on vibrations from numerous sources. 
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Summary

Ageing is a phenomenon that is pres-
ent in all chemical process industries 
all over the world. It is sometimes 
mistakenly believed that ageing is 
about how old the establishment or 
the equipment is. Ageing of chemical 
plants has a wider meaning that goes 
far beyond corrosion management. 
Everything associated with a site and 
its various processes can age, includ-
ing not only equipment, but also peo-
ple and procedures. 

Please note:
The accident descriptions and lessons 
learned are reconstructed from accident 
reports submitted to the EU’s Major Ac-
cident Reporting System 

https://emars.jrc.ec.europa.eu    

as well as other open sources. EMARS 
consists of over 900 reports of chemi-
cal accidents contributed by EU Member 
States and OECD Countries.

The selected cases also include a num-
ber of lessons learned, not all of which 
are described.  The bulletin highlights 
those that it considers of most interest 
for this topic, with the limitation that 
full details of the accident are often not 
available and the lessons learned are 
based on what can be deduced from the 
description provided.  The authors thank 
the country representatives who provid-
ed advice to improve the descriptions of 
the selected cases.
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operators and government regulators. In future the CAPP Lessons Learned Bulletin will be produced

 The aim of the bulletin is to provide insights on lessons learned from accident reported
  in the European Major Accident Reporting System (eMARS) and other accident sources for both industry

on a semi-annual basis. Each issue of the Bulletin focuses on a particular theme.
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Important findings
•	 The gasket of the flange was leaking but not the leakage was only noticed after it had been 

occurring for some time. This gasket had been installed about 18 years before when the 
tank was built. 

•	 According to the supplier data, the gasket in question, a “Viton” gasket was phenol-resistant, 
yet it had suffered serious degradation due to a reaction with phenol. 

•	 Since the day the phenol tank was taken into service, the spindle of the manual valve had 
never been closed or inspected.

•	 The level indicator in the phenol tank no longer functioned. This malfunction was probably 
recent because the indicator was routinely consulted during operations. A few days prior to 
the incident the indicator was still working properly. 

Lessons learned
•	 The accident indicates that phenol resistance can degrade over time such that it loses its 

ability to resist phenol altogether.  Even equipment that are manufactured to be resistant to 
certain reactive phenomena must be regularly inspected (following appropriate standards) 
and at some point in time, it may have to be replaced.  

•	 Safe working procedures should be followed. It is good practice to close the manual valve 
after each run of phenol-based production batches or at the end of the working week. 

•	 During earlier visits Seveso inspectors diagnosed an insufficient inspection system. Al-
though some work had already been done to develop a better system, the new inspection 
system was not completely in place by the time of the phenol leak. In such circumstances, 
a follow-up inspection might be necessary in order to ensure that the site safety manage-
ment system is up to date.

[EMARS Accident # 41]

(Continued from accident 4) Wrong equipment

Self-assessment questions 

•	 Does your company use indicators of ageing? If not, why?  If yes, what indicators do you use?

•	 Does the establishment have up-to-date documentation of all the safety-critical mechani-
cal equipment (tanks, pipelines, pumps) present on the site, including all component parts 
(replacements, additions, etc.)?

•	 Are all safety-critical equipment fit-for-purpose?  Is it documented?  

•	 Does the company plan a life cycle for their plant/equipment, and have a date for retirement/ 
replacement of the plant/equipment ?

•	 What policies are in place for determining the end of equipment life (economic analysis, con-
sidering the costs of inspection, maintenance and repair and lost production failure versus 
the costs of decommissioning and replacement is a good basis for determining end of life)1? 

•	 Have plant and equipment signs of ageing, such as corrosion, erosion, fatigue, creep, obso-
lescence been identified and monitored2 ? 

•	 Does the site have clear, up to date procedures and instructions available to cover normal 
operating, emergencies and management of change?

•	 Do you have complete documentation on the history of all safety-critical equipment, includ-
ing use parameters, changes and additions since installation?  If not, how do you deal with 
incomplete knowledge to make relevant maintenance and change decisions? 

•	 Do staff and contractors engaged in maintenance and change operations have access to all 
relevant documentation?

•	 How do you ensure that key skills, knowledge and experience relevant to asset integrity 
management and ageing is transferred and maintained with people leave, retire, move to a 
new position in the company1?

•	 Do you have a systematic inspection program in place that addresses ageing phenomenon 
in order to monitor condition of plant and equipment or handle inadequate design?

•	 How do you ensure that deficiencies in project management addressed in the site’s safety 
management system as well as the overall site management system? 

1  TWI Ltd, ABB Engineering Services, SCS (INTL) Ltd and Allianz Cornhill Engineering for the Health 
and Safety Executive 2006: Plant ageing Management of equipment containing hazardous fluids or 
pressure http://www.hse.gov.uk/research/rrpdf/rr509.pdf 

2  HSE: COMAH Competent Authority Ageing Plant Operational Delivery Guide Appendix 2 -  Site Operator 
Self-Assessment Question Set (HSE, http://www.hse.gov.uk/comah/guidance/ageing-plant-app2.pdf

https://ec.europa.eu/jrc/


Figures 1 and 2:  The damaged tank and underground pipeline (Source: Swedish Investigation Board report).

•	 The operator should also be aware of the potential for cavita-
tion, particularly in piping and at pipe interfaces to other pipes 
and vessels. Clogs on the suction or discharge side may cause an 
imbalance of pressure inside the pump.

 
[ http://www.sozogaku.com See also: EMARS Accident #395 and 
#507; ARIA No. 19423 ARIA: The effects of time on industrial facili-
ties at: http://www.aria.developpement-durable.gouv.fr/ ]

Accident 2 
Degradation of concrete

Sequence of events

On 4th February 2005 a storage tank containing 16,300 t of 96 % 
sulphuric acid ruptured. The entire contents of the tank were spilled 
out into the bund and then overflowed out into the nearby dock. The 
environmental consequences of the accident were quite significant, 
the sulphuric acid emission had a serious effect on local flora in the 
inner and deepest parts of the harbor and harbor entrance area. 
When the sulphuric acid came into contact with the salt water an 
exothermic reaction occurred, producing a vapour cloud consisting 
of hydrogen chloride that drifted northwards along the coastline in 
the direction of the wind. Fortunately, the wind was blowing towards 
the sea and away from populated land areas and the cloud diluted 
very quickly. After the spill approximately 2,000 t of contaminated 
sulphuric acid remained in the bund. The acid also soaked into about 
100,000 square metres of the ground surrounding the spill. 

Causes

The cause of this incident was a leak in an underground coolant 
supply pipe of reinforced concrete installed over fourty years before 
that resulted in a weakening of the ground under the tank farm. 
Apparently, water forced its way out of the pipe, eroding the ground 
near and around the sulphuric acid tank. This erosion damaged the 
ground under the tank which ultimately failed due to the lack of sup-
port of the tank floor. A study of the appearance of the involved part 
of the coolant supply pipe suggests that the corrosion was a result 
of an acidic attack on the concrete.
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(Continued from accident 1) 
Vibration originating from cavitation

Important findings
•	 The damage indicates that the acid exposure occurred over a long 

period of time. However, it was not possible to determine the ex-
act duration of the exposure.

•	 The pipe had been in use over many years and the operator had 
no suspicion that the pipe was suffering severe degradation. The  
inspection of the failed pipe after the incident detected little or no 
internal corrosion, but heavy external corrosion to the concrete. 
In certain places the concrete had corroded so severely that the 
reinforcing steel was exposed.  

•	 According to  the German standard, DIN 4030 (equivalent to the 
European standard, EN 260) a strong attack on concrete occurs if 
the pH level in surrounding water is  < 5.5 and a very strong attack 
can occur  if the pH level is < 4.5. Fifteen years before the accident 
a ground pollution study was carried out in the area, during which 
one of the sample taking points was close to the failed coolant 
supply pipe. At this point the pH level was measured at 4 in the 
shallow groundwater. With this knowledge the company drew the 
conclusion that this pH level entailed risks for strong acidic attacks 
on the concrete. 

Lessons learned

•	 The uneven corrosion on the outside of the pipe can possibly be 
explained by the fact that it lay partly in groundwater flow. In this 
environment, the acid can pass through the barrier more easily, 
and the reaction products (gypsum) formed can be more easily 
dissolved.  As such, the concrete barrier was not as effective as on 
the part of the pipe that remained in drier surroundings. Therefore, 
concrete piping exposed to ground water should be should be 
subject to protective measures, monitoring and inspection to take 
into consideration the increased risk from groundwater exposure.

•	 Similarly, underground piping that entail risks to foundations 
should be inspected and measured.. 

•	 There are a number of strategies that can be applied to piping 
where there is accelerated potential for degradation or where 
there are high consequences should significant degradation occur. 
Pipes may, for example, be tested for stability (remains in place) 
and hydraulically checked on a regular basis. Alternatively, consid-
eration should be given to positioning the pipe above ground. The 
pipe could also be placed in casings, especially where a leak may 
cause damage to the surroundings or where pressure and ground 
deformation may cause damage to the pipe. 

[EMARS Accident # 666 See also: http://www.havkom.se/
Similar accident: http://www.hse.gov.uk/comah/alerts/ong013.pdf 
See also: IChemE Loss Prevention Bulletin No. 195 pp.22-27.]
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Accident 4 
Wrong equipment

Sequence of events

On 5th January 2008 a production operator discovered a fair-
sized phenol leak in the phenol pump house next to the phenol 
storage tank. One of the gaskets on the flange connection on the 
outlet pipe of the tank had failed. The head of the operations de-
partment tried to stop the leak by tying a rubber belt around the 
flange. In the meantime, an operator sprayed water on the flange 
to avoid contact with phenol as much as possible. The phenol that 
had leaked was collected in a catchment pit of 20 m3 underneath 
the pump house. This catchment pit had a high level alarm, but it 
was not functioning at the time of the leak. The company was not 
aware of the malfunction because the alarm was not subject to 
periodic inspection. 

An attempt was made to close the only manual valve on the pipe, 
located between the inner and the outer tank shells, but the valve 
spindle broke off during this manipulation, so the line could not be 
shut off. After the temporary repair of the flange connection, three 
leaks continued to release phenol, which were also collected in the 
catchment tank. It was not allowed for the employees to enter the 
pump house while the phenol was leaking. 

To clean up the catchment pit, the company provided a waste 
tank big enough to contain all the leaked phenol. When starting 
to pump the phenol from the catchment tank to the waste tank, it 
was discovered that the catchment pit had overflowed. Part of the 
phenol/water mixture had passed over the rim of the open pit into 
the municipal sewer system. At the time, it was not yet known how 
much phenol had leaked to the sewer system. 

On 7th January 2008 it was decided to start up the phenol-based 
batch production to consume all phenol in the storage tank since 
the phenol tank had to be taken out of service in order to replace 
the gasket on the flange. On January 8th, after a few batch pro-
ductions, it was found out that the level indicator in the phenol 
storage tank had become stuck since the last control of the level 
on 4th January (comparison of manual level measurement with 
level indicator). Only at that moment did the company realize that 
25t of phenol had leaked out of the tank.  The catchment pit prob-
ably collected most of the release, but more than 5t of the phenol 
spilled into the municipal sewer. No consequences were reported 
as a result of the release into the municipal sewer. A specialized 
company was hired to repair the remaining phenol leak.

Causes

In this case, a variety of causes contributed to the accident. The 
direct cause was the degradation of gasket that caused the leak.  
After the flanges and valves were replaced following the accident, it 
was discovered that the valve broke down because the gasket next 
to it had been reacting with phenol over the course of many years, 
leading to a solid deformation that prevented the valve from mov-
ing, hence, the valve could not be closed. The spindle of the manual 
valve at the tank broke off as a result of the deformation of the 
adjacent gaskets.

Accident 3 
Deterioration of equipment

Sequence of events
An explosion occurred in a granulation dryer at a factory manufac-
turing initiative explosives for electric detonators. Diazodinitrophe-
nol, which is an initiating explosive of an electric detonator, exploded 
in a drying and granulating process. The explosion damaged produc-
tion lines and shattered glass in the factory building. Nobody was 
hurt in the accident, due to the fact that the facility where the ex-
plosion occurred was usually automated and nobody worked there. 
Employees produced the explosives by remote control from outside.

Causes
Although the causes could not be entirely confirmed, the company 
focused speculation on two possibilities: 

1) The diazodinitrophenol accidentally entered into a crack in a split-
ter plate that was fixed to the dryer of a granulating machine with 
an adhesive agent. As a result, diazodinitrophenol ignited due to 
friction, then burned and detonated. 

2) Iron rust contaminated the diazodinitrophenol in the granulat-
ing machine causing its friction sensitivity to increase. Therefore, 
diazodinitrophenol ignited in the granulating process, burned, and 
detonated.

Important findings
•	 This was the first accident experienced at the plant. It seems that 

the company took insufficient care for age degradation. 

•	 Safety management did not take sufficient account of sensitive 
materials, such as initiating explosives.  

Lessons learned
•	 Even though corrosion is a well-known phenomenon in oil refiner-

ies, it is not necessarily a hazard considered in explosive factories. 
This scenario, however, should be discussed in relevant hazard 
identification studies on such sites. This accident demonstrates 
that the risk potential of corrosion in explosion manufacturing 
is not only enhanced by equipment degradation but also by the 
presence of dust particles created by the corrosion process.

•	 Explosives manufacturing are particularly high risk with enormous 
potential to generate catastrophic accidents.  Failure to conduct 
thorough hazard identification and risk analyses is not an option. 
With explosives, there is absolutely no time for intervention if 
something goes wrong, so it has to be of paramount importance 
to the operator that nothing goes wrong.  Although this particular 
accident involved an automated process, and no employees were 
present, the material damages incurred significant costs. Even 
automated process should be routinely inspected and audited at 
these sites to avoid significant business losses and possibly other 
unintended consequences.

 [ http://www.sozogaku.com/fkd/en/cfen/CC1300005.html ]

(Continued on the back of the page...)

http://www.sozogaku.com
http://www.aria.developpement-durable.gouv.fr/wp-content/uploads/2013/08/FK_imp2009-ageing-installations.pdf
http://www.havkom.se/virtupload/news/ro2008_02.pdf 
http://www.hse.gov.uk/comah/alerts/ong013.pdf
http://www.sozogaku.com/fkd/en/cfen/CC1300005.html


Nature of ageing phenomena
Ageing is a phenomenon that is present in all chemical process indus-
tries all over the world. It is sometimes mistakenly believed that age-
ing is about how old the establishment or the equipment is. Ageing 
of chemical plants has a wider meaning that goes far beyond corro-
sion management. Everything associated with a site and its various 
processes can age, including not only equipment, but also people 
and procedures. Some ageing phenomena are sometimes only per-
ceived through the lens of a specific activity, such as management 
of change (e.g., new staff make decisions without full information, 
e.g., they are not aware of a process’s linkages with another process) 
or in operational control, where the process itself is outdated rela-
tive to modern safety performance standards.  In the worst case, an 
ageing problem may only make itself known through an accident or 
near miss. For this reason, the effectiveness of the safety manage-
ment system over time relies on a constant awareness of all the 
types of ageing impacts – loosely defined as material degradation, 
obsolescence, and organizational ageing - that affects in equipment, 
processes and knowledge-based elements.  

Figure 3:    Categories of ageing (Source: ESReDA Report on Ageing of 
Components and Systems)

Material degradation
To some extent, there is a tendency to focus on equipment ageing 
because the signs of material degradation are so tangible. Carbon 
steel corrosion is the most well-known phenomenon although still, 
failure to address corrosion failure is a major cause of chemical ac-
cidents.  In addition to fatigue and vibration, there are also some 
other  forms of degradation that receive far less intention and are 
even ignored, in particular degradation of nonmetal materials, such 
as fiberglass and concrete.

Obsolescence
Obsolescence is a phenomenon that may adversely affect equip-
ment, processes and procedures.  Equipment reaches the end of its 
life cycle when the equipment is so degraded by the combination of 
all the deterioration mechanisms, small changes to operating condi-
tions, and build-up of process fluids over the long term that it can no 
longer be maintained fit for service.  An obsolete procedure is one 
that no longer can be considered applicable or appropriate because 
the situation to which it applied has completely changed.  Obsolete 
technology creates risk that replacement parts may not be found or 
has inherent safety risks that would no longer be acceptable in ac-
cordance with current standards.  

Organisational
The main concern of the ageing organisation is loss of knowledge 
and expertise.  This particular ageing phenomenon is the most chal-
lenging to monitor and fix with systematic solutions because it is 
about trying to compensate for something that is no longer there 
or not accessible, referring specifically to people and documenta-
tion.  Indeed, the degradation of performance due to aging of people 
and procedures can only sometimes be directly observed.  On the 
one hand, procedures and documentation should be associated with 
each piece of safety critical equipment.  Where there are particular 
imperfections of documentation, especially for older processes and 
equipment associated with important risk scenarios, the potential 
impact of lack of information should be assessed and addressed.  
On the other hand, there are the “unknown unknowns”, such as when 
there is documentation missing about a change made in years past 
and no one remembers that it took place.  To minimize these kinds 
of risks, audits and investigations should routinely give attention to 
ageing dynamics and question to identify where the ageing of vari-
ous equipment, people and/ processes are emerging as a source of 
serious risk.   

Statistics
This issue of the Lessons Learned Bulletin offers insight into the 
importance of approaching ageing as a strategic safety issue with 
examples of accidents that have learned this lesson only after suf-
fering the consequences. In preparing this bulletin, 69 major accident 
reports in eMARS were studied together with accidents selected from 
open sources, such as the Japanese Failure Knowledge  Database 
(http://www.sozogaku.com) and the ARIA database (http://www.aria.
developpement-durable.gouv.fr/) operated by the French Ministry of  
Ecology, Sustainable Development and Energy. Events were chosen 
to provide a varied perspective on the types of ageing phenome-
na that can trigger a major accident . The chart below presents the 
analysis of the selected accidents, based on the type of ageing phe-
nomenon. 

Figure 4:   Number of major accidents by ageing phenomena  
(Source: eMARS)

The selected cases also include a number of other lessons learned, 
not all of which are detailed in this bulletin.  The bulletin highlights 
those that it considers of most interest for this topic, with the limita-
tion that full details of the accident are often not available and the 
lessons learned are based on what can be deduced from the descrip-
tion provided.  The authors thank the country representatives who 
provided advice to improve the descriptions of the selected cases.

Nature of ageing phenomena

http://www.sozogaku.com
http://www.aria.developpement-durable.gouv.fr/
http://www.aria.developpement-durable.gouv.fr/


Accident 5 
Degradation of composite pipe

Sequence of events
On 7th August 2002, a pipe’s monitoring system detected a 100 
m3/h leak with a nominal flow rate 500 m3/h of acid waste water 
flowing from the manufacturing of dyes and pigments connected to a 
neutralisation facility located 18 km from a chemical plant. The leak 
was due to a 40 cm crack on a glass fibre reinforced polymer (GRP) 
pipeline (NB 400mm). Between 5th and 11th August, a succession 
of leaks was observed, eight in total. Out of these cases, six leakages 
occurred on the first two kilometres of the pipeline. The pipe complied 
with the provisions in the regulations and successfully passed the wa-
ter resistance test at 15 bar, 20 days prior to the first leak. Following 
these failures, the pipeline was shut down on 11th August. After the 
sequence of leakage, a new GRP pipeline was installed which cost 
more than five million euros which included also the remediation of 
the polluted soil.

Causes
Deterioration of the infrastructure was due to a corrosion mechanism 
occurring in an acid-stressed environment. A number of factors con-
tributed to this accident. One factor is ageing. The corrosion of the pipe 
material caused an effective loss of strength. In addition, the process 
design did not adequately address the pressure surge that could occur 
when the pump is shutdown, in particular, insufficient number of vents 
made difficult to cope with this situation that is a routine part of the 
process. Furthermore, there was a failure in installation because of 
incorrect setting of the surge chamber pressure.

Important findings

•	 Normally, part of the acid water was conveyed via an NB 300mm 
pipe to the wastewater treatment facility. The other part of the wa-
ter was directly released into the Bay of the Seine river, without any 
specific treatment. However, due to the expansion of the port near-
by the chemical site, the plant operator was required to relocate the 
NB 300mm pipeline, which carried acid water to the wastewater 
facility, by 31st July 2002. The operator chose to send this water 
using a GRP NB 400mm pipe that was installed a year before. 

•	 Leaks were primarily noticed adjacent to pipe elbows and during 
directional changes. The pressure never exceeded 5 bar vs. a 10-bar 
design pressure, in a diluted sulphuric acid medium with a tempera-
ture below 35°C. The maximum temperature allowed for GRP tubes 
was 50°C. Therefore, the fact that failures occurred near or at high 
points and near a change in direction, confirms the role played by 
hydraulic transitions. 

Figure 5:  The damaged pipeline (Source: ARIA No. 23562)

Chemical Accident Prevention & Preparedness
•	 It was demonstrated that the damage to the pipe was due to a 

mechanism of stress corrosion in an acid environment. Stress cor-
rosion is a fissuring mechanism that requires a combination of 
three factors, such as stress or permanent distortion, the material 
sensitive to the phenomenon and a corrosive environment. 

•	 There was a design problem in this case, due to the insufficient 
number of vents available to cope with the pressure surge. This is 
a phenomenon that generally occurs in long pipelines; key factors 
are fluid velocity, pipeline and rate of valve closure, or in this case, 
pump shutdown. It can cause a very high pressure surge which 
travels along the pipe at the speed of sound in the fluid. The vents 
are provided to alleviate this surge as was the surge chamber - this 
to minimize any low pressure surge as the pump is shut down.

•	 It was also found that certain failures occurred in a zone where 
it was difficult to correctly compact the soil, nearby pipeline and 
concrete well. 

•	 The majority of the failures, six out of eight, occurred in the first two 
kilometers in the zone where hydraulic stresses are greatest.

Lessons learned
•	 Although the pipes and their assembly complied with the provi-

sions in the regulations as required by the project service order, 
the installation of the pipe and pressure control systems were not 
in accordance with good custom and practice.  In particular, they 
were not compliant with the original installation specification, siz-
ing of the buffer chamber and calculation of the number of vents 
required. 

•	 The operator exchanged the NB 300mm pipeline that conveyed 
acid water to the wastewater facility with a GRP NB 400mm 
pipeline. Modifications to the process plant, either in equipment 
itself or in its connections, in instrumentation, in chemicals, or in 
process conditions can affect the design integrity and bring about 
additional risks. Normally, a management of change procedure 
should be conducted to ensure that changes are properly re-
viewed and approved prior to implementation. 

•	 The investigation also revealed that the management of the proj-
ect was the primary cause of several of the faults in design and 
installation.  In particular, the systematic pre-checking of calcula-
tions and the installation conditions for the pipe and compliance 
with various rules for pressurising the facility did not conform 
with established requirements. When making changes to older 
processes, the project managers need access to all associated 
documentation.

•	 Deficiencies in project management should be addressed in the 
site’s safety management system as well as the overall site 
management system, since poorly controlled projects can affect 
other outcomes besides safety. However, there is also a question 
as to whether the project contractors had access to the original 
installation specifications. This can demonstrate that process 
knowledge has to be maintained and transferred. Accident analy-
sis should highlight these kinds of failure that occur most com-
monly in older plants.

•	 Even without the mistakes in design and installation, corrosion 
of critical components of the equipment would ultimately have 
led to failure, and therefore, should be subject to a systematic 
inspection program similar to all safety critical elements.

[ EMARS Accident #417 ARIA No. 23562
Similar accident EMARS Accident # 771 ]

http://www.aria.developpement-durable.gouv.fr/wp-content/files_mf/FD_23562_lehavre_2002_ang.pdf  Similar accident EMARS Accident # 771

