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Abstract

Lessons learnt from accidents are essential sources for updating state of the art requirements in process safety. To improve this input by a
systematic way in the FRG, a central body for collecting and evaluating major accident (ZEMA) was established in 1993. ZEMA is part of the
Federal Environmental Agency. All events which are to be notified due to the German Regulation on Major Accidents (Storfall-Verordnung)
are centrally collected, analysed (deducing lessons learnt) and documented by ZEMA. The bureau is also responsible for the dissemination
of the lessons learnt to all stake holders. This work is done in co-operation with the German Major-Accident Hazard Commission (Stor-
fallkommission) and other international bodies like European MAHB. At the time being, over 375 events from 1980 to 2002 are registered
in Germany. For each event, a separate data sheet is published in annual reports, first started in 1993. All information is also available at
http://www.umweltbundesamt.de/zemA/summary evaluation on the events from 1993 to 1999 is presented and some basic lessons learnt
are shown. The results from root cause analysis underline the importance of maintenance, detailed knowledge of chemical properties, human
factor issues and the role of safety organisation especially connected with subcontractors. The German notification system is described in
detail and some experience with the system is reported.

Keeping in mind that collecting reports from notified major accidents is only a small amount compared with all the events which might
be interesting to learn from, the German Major-Accident Hazard Commission has established a separate body, the subcommittee “Incident
Evaluation”, which is in charge with collecting and evaluating of minor and near-miss events. Since 1994, a concept for the registration and
evaluation of those non-notifiable events was developed. From 2000 on, the concept has been put into operation. Its main elements are:

1. reporting of the incident by the plant operator to an information collecting point of its trust;

2. passing the anonymous report to the “Incident Evaluation” subcommittee;

3. evaluation and classification whether the incident is safety relevant or not and

4. publishing the relevant information to all interested stake holders, preparing of summary evaluation results in certain areas. Up to now,
two brochures on “waste gas pipes” and “obstructions of pipes” were published.

© 2004 Elsevier B.V. All rights reserved.
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1. Notifiable accidents notification system (ZEMA) was established in 1993 in the
Federal Republic of Germany. ZEMA is incorporated in the
1.1. Introduction Federal Environmental Agency and works on the basis of a

State-guideling?]. The essential tasks are:
The experiences of analysis of major accidents are indis- ) ) .
e Collection, evaluation and forwarding of the messages

pensable sources for the further development of the state ! ) ) ;
of the art[1]. For this reason a systematic major accident ~&ccording to the German Regulation on Major Accidents
(Hazardous Incident Ordinance).
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e Selection and preparation of the reports of the Federal [5-11]. As a basic principle, all data sheets are co-ordinated
Government to the consignment of the European Union with the data suppliers.
after SEVESO-II-directive (overview sgé4)).

e Collection and evaluation of comparable international 1.4. Data quality
events (overview se@d]).

e Editing annual reports and instant internet publishing. The evaluations of events are carried out on the basis of
e Exchange of lessons learnt with other organisations in notification formulas according to the Hazardous Incident
charge of evaluating major accidents. Ordinance. Since 1991, an improvement in the quality of the
messages has been noticed. Documents and reports of the
1.2. Notification system operator, of authorities, trade co-operative associations and

experts are increasingly provided in addition to the obliga-

In the German Regulation on Major Accidents (Storfall- tory notification formula that has to be provided within one
Verordnung[16]) which enacts the European SEVESO II Wweek after the accident (s&&g. 2). From 1998, the amount
directive, a clear definition of reportab|e events is given_ of additional material remains unaltered at some 80%. The
From the year 2000 onwards also, near-misses, which havehotification formula is often seen as a check list rather than
a significant potential to learn from, are to be reported and @ report, with its positions explained in additional reports.
registered in the ZEMA database. A definition of the “sig- A comprehensive figure of the process and the effects of the
nificant potential to learn from” is given by the German event can normally be derived from this reports. As for the
Major-Accident Hazard Commission and available on the investigation of causes, it should be mentioned that in most
ZEMA website (see below). cases the reports are restricted to the predominant cause,

All respective events are reported to the responsible (local) €-9- an operating error. Lower-level causes (‘root causes”)
authority by the operator. This transmits the message to theare rarely regarded and scrutinised even more rarely. Im-
ZEMA in the Federal Environmental Agency. The messages Provement is still needed here to increase the quality of the
which ZEMA receives are immediately given to all states as lessons learned.
on-the-spot information to draw attention to. The investiga-
tion is carried out by the operator in close co-operation with 1.5. Evaluation of events 1993-2002
the competent local authorities. If necessary, independent
experts are getting involved. Those experts are appointed by From the total number of events in the period 1993-2002
the operator himself or on behalf of the competent authority. (313 events), the following conclusions and main points can

Fig. 1 shows the diagram of the notification system. be drawn. In spite of high-quality reasons, only the events
from 1993 onwards were considered.

The trend in the number of notificationkig. 3) shows

an increase in the events in the period of 1993-1994 com-
n. Ppared with 1991-1992. This was mainly due to the revised
notification system. For the standardised number of events
(events per establishment and year) a minor decrease since
51993 has been detectable till 1995. The trend in the last 10
years leaves open, whether or not the level of random oc-
currences is already reached.

1.3. Database

In the ZEMA files, events qualified by the Hazardous |
cident Ordinance and comparable events from other coun-
tries, in particular the EU, are registered exclusively.

Since the ZEMA has been established, some 400 event
have been registered in the databaakele 1 For each event,

a data sheet is drawn up and published in an annual repor

1.6. Event types

Table 1
Summary of the events registered at the ZEMA (31.12.2002) Nearly the half of the events (50%) were connected with
Period under review Total Major Disturbances substance releases (see distributiofrim 4).

number accidents In the process industryhat states the field with approxi-
1980-1992 73 29 44 mately 47%, this cause became predominant by the failure
1993 42 20 22 of devices and mountings in the case of normal operation
iggg 3‘71 12 Sf (seeTable 3. Accidental releases caused by human failure
1996 30 8 29 were limited to start-off and shut-down processes as well
1997 27 11 16 as maintenance and repair. They were approximately three
1998 38 16 22 times less frequent as the technical causes.
1999 41 14 27 In the range ofinstallations not associated to the core
gggg 2‘51 ié ig of chemical industrystorage, refrigerating systems, waste
2002 29 7 15 treatment), the findings were vice versa. The releases caused

by human failure are double as frequent as those originated

Total 383 144 239

by technical causes.
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Major Accident Reporting System in Germany

Operator
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Fig. 1. Notification system for major accident reporting in Germany.
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Fig. 2. Part the documents supplied in addition to the notification formula.
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Fig. 3. Number of reported events from 1991 to 2002 (near-miss reporting starts from year 2000 onwards due to Seveso Il directive).

process as the most frequent state in which events occurred
was determined. Storage as well as maintenance/repair
were represented with approximately 15%. The start-off
and shut-down processes as well as loading had a part of
approximately 10% each.
- Adding all parts of “normal operation” you get approxi-
Release e . .
mately 70%, this is in the range of average operating time
in this operating mode. Accidents seem, therefore in all op-
erating states, to occur comparably often.
_ ‘ The more precise analysis of the causes indicates that
Bl technical failures are present at approximately 37% of
9% the events, these are subdivided into failures of the con-
tainer/flange (approximately 6%), of devices/mountings
(approximately 21%), piping (approximately 3%) and me-
chanical damages, e.g. through corrosion (approximately

Explosions, associated fires as well as separated fires ard %0)- Human failures occurred at approximately 25% of the
the second main group of the events (5ég 4). events, where 9% were organisational mistakes, 13% oper-

The more in depth analysis shows, that fires and explo- ating errors and approximately 2.5% failures during repair
sions inprocess industrare merely triggered by human works. Chemical reactions contributed with almost 18%. At
failure rather then by technical failure. approximately 10% of the events, the cause could not be

The conditions are in turn as you look to tlesidual area determined (se&able 3.
explosions and fires were twice often triggered by technical
failure compared with human failure. Table 3

The oper_ating processes at the time of the events for eV-pymary causes (all events)
ery type of installation are shown ifable 2 With 47%, the

Fig. 4. Event types.

Cause Events (%)

Table 2 Human failure (organisational failure) 9
Event types 1993-2002 Human failure (operating error) 13

. . o Human failure (during repair works) 25
Operating processes Relative part (%) Technical failure (container/flange) 6
Process 47 Technical failure (devices/mountings) 21
Loading/unloading 10 Technical failure (pipes) 3
Maintenance/repair 14 Technical failure (mechanical damage, corrosion) 7
Start-off and shut-down process 10 Physical reaction 25
On site transport 2 Chemical reaction 18
Storage 16 Environmental cause 1

Unknown 1 Unknown 9.5
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The analysis shows the following main areas of concern:  patible materials were stored or put together which finally
led to irregularities.
e Maintenance plays an important role in accident o |mperfect operating actions were in particular observed in
prevention. the case of deviations from routine tasks. These situations
e Even greater attention must be dedicated to the charac- snould be particularly addressed in the operating instruc-

particularly to the areas which are not counted to the core

region of chemical industry.

e The relatively high amount of the operating error stresses 2 Non-notifiable accidents
the needs of intensified qualification and intensified car-
rying out training sessions. Since an operating error al- 21,
ways reflects the conditions in which this failure occurs,

however, the safety management is also addressed. Lessons can be learnt from non-notifiable accidents as

* The observed presence of unknown chemical reactions as;q|| a5 from accidents notifiable due to German Regulation

adcause(;‘or e\ll_?nts_shovTvrs] shortlcormnﬁs in e;(pert Enowl- on Major Accidents and are independent from the conse-
ehge .‘"‘nl qua |.|cat|(.)n. h e anany|shs oyvslt.a('; unknown guences of the accidents. There are no fundamental differ-
chemical reactions in the area of chemical industry are gceq i the causes of major or minor events too.

observeq m_amly d“””g meklntenance/repglr, ‘:,it thelother Therefore, the German Major-Accident Hazard Commis-
areas this is true during “normal operation”. Mainte- o, ecided to register and evaluate non-notifiable inci-
nance/repair are carried out often by third parties, often yons From 1994 to 1997, the Commission’s Data Working
with lack of experience and insufficient knowledge of the &, developed a concept for the registration and evalua-
conditions in the installation. tion of such non-notifiable incidents. After testing this con-
cept successfully in practice, a new subcommittee “Incident
1.7. Material and environmental damages Evaluation” was established with the main purpose to put
this concept into operation. The subcommittee consists of 16
The material and environmental damages are not so of-representatives of several important social groups as indus-
ten specified in the documents. But concerning the material try, authorities, science, trade unions, environmental groups
losses, it is very clear that most of the costs are within the gnd employer’s liability insurance associations.
enterprise; the overall amount wa856 million and the out-
side damages were only &#.4 million;. However, oftenthe 2 5. The concept for the registration and evaluation of
given costs are not clearly defined, some include, e.g. costs ofyon-notifiable incident§l3,14]
interruption of production also and not only material losses.

_Information on environmental damage on the site wWas  The main elements of the concept for the registration and
given in 3% of the cases, effects off site in 5%. In the ma- eyaluation of non-notifiable incidents are showrFig. 5.
jority of the events, no specification of the magnitude of  Tphe plant operator sends a report on the incident to an

Introduction

environmental damage is available. information collecting point. Incidents notifiable due to the
Regulation on Major Accidentd 6] have to be reported to
1.8. General conclusions the Competent Authority which sends the incident report to

ZEMA as central collecting point (segection ). Most of
The following general conclusions may be drawn from

the overall analysis:
. . . . Reporting incidents Plant operator
e As primary causes, you can identify errors in the complex x - T
. . . . A 4 A 4 A 4
system SWItchlng process units. These_system connec_tlonsRegimﬁo" and evaluation of — Iformation her
are often fuzzy in the event and lead to imperfect reactions incident. Preparation of short- NO‘}?C“‘“’" collecting | | information
which often develop to disturbances or accidents. The reports, made anonymous o points systems
. . . .. A
operating rules did not reflect these relations sufficiently. Evalustion of the short-report i I I
. . . alua - orts.
e It was recognised in a whole series of events that the gpporation of recommendations Subcommittee
operating rules were provided as imperfect or not up to t:b?dapplflved l;Y(fhe Major- ,.Incident Evaluation*
. . . cident Hazard C s
date and often did not reflect critical operating states. cordent Had Hommission !
e During maintenance operations, the personal (often ex- ﬁ;fg‘;%A‘;fl;};it‘;;’;ﬁ“‘bv the Major-Accident
ternal firms!) had no sufficient information. Significant commission. Documentation and Hazard Commission
communication problems also occurred with serious con- information-transfer ' x
sequences. Public Expert groups

e Lacking expert knowledge was observed not only during
maintenance operations but also in cases where incom-Fig. 5. Concept of registration and evaluation of non-notifiable incidents.
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the other incidents have to be notified due to different laws e the public part of the database on the Internet (planned
and regulations. According to this, there are different col- for the future); and

lecting points. Even for near-misses, there is no determinede special brochures in cases where incident evaluation lead
notification procedure. So, in this case, the collecting points  to crucial points concerning substances or components of
are dependent on voluntary reports of the operators. plants involved or causes identified.

Th llectin ints prepare short anonym report . L .
© coflecting points prepare short anonymous repo SSo, expert groups and the public being interested in plant

about each incident containing relevant information like afety can find information about lessons learnt from acci
event description, substances, causes, measures and as Cozléntsy

clusion the lessons learnt. These short reports are sent to
the subcommittee “Incident Evaluation” where they are 23 Database
discussed and evaluated. The subcommittee also has to"™"
guarantee that those reports are sufficiently anonymous.

Bef luation th . hecked and db After evaluation all reports of the incidents classified as
elore evaluation the reports are checked and prepare ysafety relevant or pool data are put into a special database
a special collecting point located at the Federal Institute for

; . operated by the Federal Environmental Agency. Up to now
Materials Resg arch and Testing (.BAM,)" : - thrza databa)s/e contains 139 incidents, 23 gf thgm gre safety
. The_evaluatlon bythe subcqmmlttge Inmdgnt Evaluation relevant. The reports contain information about the plants
is carried out by of the following main steps: involved, event description, consequences of the incidents,
substances, causes, emergency measures taken, measures
drawn to avoid such incidents in the future by the operator
or the Competent Authority and any other lessons learnt.

At present, the database is not available for the public
but in the near future there will be a public part containing
the reports of safety relevant incidents and a not public part
with all pool data only available for the members of the
subcommittee.

1. On the basis of the available information, the aspects
are worked out which are necessary for a clear techni-
cal, comprehensible and plausible documentation of the
incident.

2. Causes and main weak points leading to the incident
are determined with regard to those elements having a
teaching effect or being of general interest. The causes
are derived into direct and indirect causes.

3. Lessons learnt are described and recommendations for, .
other plants are made if convenient. 2.4. Experiences

4. For classification of incidents, there are three categories . T .
As shown above, there is no legislation instructing plant

defined: safety relevant incidents, pool data and material . . ; : .
. . ; L operators or collecting points to give any information about
data. As laid down in a special guideline of German State . .
. . . L incidents to the subcommittee. So, the work of the subcom-
Committee for Pollution Protection (LAIR], incidents

i~ . L mittee depends on voluntary reports. There is no regular re-
are classified as safety relevant if they lead to new insights ;
with regard to: spective complete data flow. Furthermore, the operators and

their federations fear that it will be detrimental to them if

e substance properties; 1. in special cases, the public associates an incident report
¢ design and fabrication of components; with a special operator, and

o failure of safety devices and systems; 2. there will be tightening up of regulations or technical

o failure of technical and organisational systems; and rules due to results of incident evaluations.

o efficiency of limiting the consequences of accidents.

As a result of this, some fear the information given by the op-
Incident reports become material data if there is not erator sometimes does not contain enough data. In this case
enough information for evaluation. All the other incidents event description and cause analysis may be incomprehensi-
are classified as pool data. ble and no clear lessons can be learnt. So the subcommittee
has to make great efforts to point out that there are several

As a result of the evaluation, the subcommittee might get penefits even for the operators that will outweigh any disad-
new insights corresponding to state of the art in safety tech-yantages. One of those benefits for example might be the data
nology, the development of technical rules or in general safe packflow to the operators so that they could learn lessons

operation of industrial plants. In this case, recommendationsfrom accidents that took place in plants of other operators.
are elaborated to be approved by the Major-Accident Haz-

ard Commission and resolutions or reports are prepared fors 5 conclusions
passing by the Commission.

At last, the information on the safety relevant incidents  yp to now, the evaluation of non-notifiable incidents allow
and lessons learnt are published by: to draw the following conclusions:

e reports of the Major-Accident Hazard Commission; e The concept for the registration and evaluation of
e articles and lectures; non-notifiable incidents of the German Major-Accident
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Hazard Commission was put successfully into operation main purpose to put a concept for the registration and
by the subcommittee “Incident Evaluation” and work evaluation of non-notifiable incidents into operation. It has
goes on in a sufficient manner. The appliance of the de- succeeded in establishing it's activities. Further information
scribed concept confirmed the assumption that lessonsmay be available under the ZEMA link given above. Two
can be learnt from notifiable incidents as well as from crucial points were identified leading to the publication of
non-notifiable incidents. appropriate brochures.

e For successful operation, data flow has to be improved. In the next years, the subcommittee has to improve data
Therefore, further data sources like ministries, industrial flow because up to now the number of events registered is not
trusts, expert organisations or insurances were asked forbig enough. The database has to be developed with the aim

cooperation. A lot of them gave positive answers. of becoming an important information source for the public
e A great number of incidents happened due to human fail- and expert groups. Furthermore, the subcommittee will have
ure respectively disregard of regulations. a look on other crucial points which may be appropriate to

e As crucial points, waste pipes and obstructions of pipes give occasion to further brochures.
were identified. Therefore, two brochures “Waste Pipes”
as appendix of14] and “Obstructions of Pipeg15] were
published. In these brochures relevant hazards and meaReferences
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