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EXECUTIVE SUMMARY 

The countries of Central and Eastern Europe have undergone fundamental changes in recent 
years. Economic and instirutional development in panicular arc key elements in the drive 
towards democratic market economies. However past legacies prest:nt an enormous barrier 
to be overcome. In the field of safety and the environment the performance of these 
countries has been poor in comparison with Western standards. The depth of che problem 
is so acute that potential investors are looking elsewhere. This. in rum. is restricting these 
countries' economic development. 

The desire to join the EC will also be hampered if regulatory and legislative systems prove 
inadequate. 

The area of major hazards. in panicular has received lictle attention in Cennal and Eastern 
Europe. In the EC. following a number of serous accidents, the Seveso Directive was 
introduced which obliges member countries to set up and manage a regulatory system for the 
control of major technological hazards. Risk assessment has been adopted by most member 
countries of the EC as an appropriate methodology for assessing major hazards in response 
to the Seveso Directive. The actual application, though, has tended to vary across a 
spectrum ranging from qualitative to highly quantitative in narure. 

This repon describes work for UNIDO in developing an appropriate risk assessment 
methodology for Hungary to assess safety and environment related risks from hazardous 
industrial operations. The methodology is intended to satisfy the requirements of the Seve:.;o 
Directive for a safety repon to tie submitted by the operators of hazardous plant to the 
regulators. 

The three major components of che project were: 

..,. the provision of a risk assessment methodology consistent with the Seveso Directive -
the main beneficiary of this being SAFEORG, a Hungarian technical safety 

organisation sponsored by several major industrial companies; 

... the execution of a safety assessment of a chlorine production and storage plant which 
had been chosen for a trial assessment - the main beneficiary to be BVM. the 
o;>erators of the plant, panicularly in respect of the repon's recommendations for 
improving safety; and 

..,. the provision of advice and recommendations on sening up a regulatory system for 
major hazards - the main beneficiary being the Ministry of Industry and Trade. 

During the course of the project these expectations were covered by the development of a 
methodology which was used in a pilot study of BVM's plant. A presentation was also given 
to the Ministry by an Inspector of the UK Health and Safety Executive who was pan of the 
project team on the UK experience of setting up a regulatory system for major hazards. 

The risk assessment approach consists of the identification of major hazards and their 
evaluation in terms of likelihood of occurrence and estimated consequences. Subtle but 
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important differences in risk" assessment approaches are discussed. A risk assessment is of 
little value to government or industry on its own. The value of the approach is in providing 
a framework on which to base action plans and invesanent decisions to improve safety and 
environmental perfonnance, as w~ll as to provide comparisons with other plants for 
regulatory purposes. 

The information requirements for the methodology are: 

... informatioa about the process; 

... information about the way it is ma."Jaged; 

... information about the its hazards. 

The information is developed using series of forms (and guidance notes) which are compiled 
into an Outline Safety Document (OSD). The OSD is compliant with the safety notification 
required under the Seveso Directive. 

The importance of the management information is that a well run plant which places good 
saf ecy performance as a major objective will tend to pose lower risks to the workers and 
general public. Hardware and engineered improvements can also have a significant effect 
in reducing risk levels. However. the lack of resources in Central and Eastern Europe 
emphasises the imponance of cost-effective options for better safety performance. 
Improvements in safety management procedures and practices can therefore be the preferred 
means for raising safety and environmental standards in these industries. 

The feasibility of the methodology was tested on the chlorine production and storage plant 
in Budapest during a week long visit in January 1993 under the auspices of SAFEORG. The 
pilot study involved the cooperation of plant managers and operational staff and assistance 
of two technical consultants, primarily for translation services. The general levels of 
suppon, assistanee and hospitality received were more than we could have expected and 
made a significant contribution to the success of the project. 

Our assessment of the methodology suggests it is a straightforward and relevant approach for 
Hungary, in the current circumstances, able to identify practical solutions and provide 
compliance with the Seveso Directive. With this in mind we have made a number of 
suggestions for further assistance to Hungary would be beneficial, focusing on trarafer of the 
relevant technology. 

Furthermore, with the level of commitment and backing we have found during the project 
it is possible that a major programme to suppon the development of a safety culture in 
Hungary could lead to significant societal and economic benefits for the country. 
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ANNEX 1: GUIDANCE NOTES 

ANNEX 2: DATA ENTRY FORMS 

ANNEX 3: ASSESSMENT OF PRODUCTION, STORAGE AND SHIPMENT OF 
CHLORINE AT BVM, Bl.JDAPEST 

Although rhis project makes use of guidance issued by the Health and Safety Executive 
(HSE) and involves an HSE Inspector as pan of the project team, there is no 
implication that HSE approves either the methods developed under the project or the 
views expressed in this repon. The methods and views are the responsibility of SRO. 
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1 INTRODUCTION AND BACKGROUND 

1.1 UNIDO Request for Proposal 

In October 1992 the United Nations Industrial Development Organisation (UNIDO) issued 
a request for proposals to develo~ a methodoiogy for quantitative safety and ecological risk 
assessment for hazardous industrial operations in Hungary. From th~ request it was apparent 
that three factors are driving the Hungarian Government and industry to review the nation&! 
approach to managing safety and environmental issues arising from the operation of heavy 
industrial plant. 

• There have been a number of serious accidents involving environmental damage and 
injuries to workers. 

... There is a requirement to assure potential private investors in Hungarian industrial 
concerns that their investment will not be compromised by poor safety or 
environmenta! performance. 

• In order for Hungary to join the European Community (EC) it will be necessary co 
have a regulatory regime which is consistent with the framework of directives set up 
by the European Commission . 

In these circumstances it was perceived that an appropriate response would be to introduce 
quantified risk assessment (QRA) methods into Hungary with a view to reducing the risk of 
accidents, providing confidence to potential investors and moving toward a regulatory regime 
which was in conformance with EC legislation. 

The Ei1vironmental Management and Industrial Safety Division of the Hungariar: Ministry 
for Industry and Trade, represented '°ly the industrial safety association SAFEORG, therefore 
approached UNIDO for suppon in taking tnis forward. UNIDO's request for proposals 
sought projects which would "enhance the capabilities of MIT and SAFEORG to introduce 
and apply an EC-conforming methodology of quantitative assessment of ecological and 
labour-safety risks of industrial operations" in Hungary. 

As pioneers in the development of QR..\ techniques in the nuclear, chemical and offshore 
industries. SRD was pleased to respond to this request and was granted the contract. 

1.2 Structure of the Report 

This is the final repon on the project which is required under the terms of the contract. 

The repon is structured in the following way. Section 2 sets out our initial approach. both 
to the development of a suitable methodology and to the other activities involved in the 
project. each of which is expanded in the subsequent sections. Thus Section 3 deals with the 
methodology, Section 4 with its trial application and Section 5 with some discussions held 
with the Hungarian regulators. Section 6 draws together the conclusions and makes 
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recommendations for future work. 

As well as the main report there are a number of Annexes. Annexes 1 and 2 contain the 
guidance notes and da!a entry forms developed for the methodology - essentially these 
comprise the methodology itself Annex 3 contains the results of the application of the draft 
methodology to the production, storage and shipment of chlorine at BVM in Budapest. This 
is essentially a safety assessment of the activity which is intended to be of use to plant 
management in bringing about safety improvements at the plant and demonstrates the 
feasibility of the methodology. 
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2 INITIAL WORK 

2.1 SRD Technical Approach 

In answering UNIDO • s request SRD wished ~o set a direction which provided maximum 
value in tenns of increased industrial and environmental safety in Hungary within the 
constraints of the budget. We also wished to set QRA in a context which was consistent with 
EC directives. There are two major factors which need m be considered ;.n doing this. 

.. The main directive relating to major industrial hazards is 82/501/EEC. the Seveso 
Directive. This sets out a number of measures which Member States must take to 
prevent major accidents and limit their consequences for man and the environment. 
One of these is to set up a competent authority (or regulator) and another is a 
requirement for manufacrurers to provide a notification of certain industrial activities 
to the competent authority. This notification is often known as a safety report or 
safety case. A third is a requirement to notify accidents if they occur. 

.. There is no requirement within the EC for risk assessment (that is. an assessment 
including some fonn of estimate of the likelihood of an event). still less quantified 
risk assessment, to be carried out. The Seveso Directive is one of several which 
requires some assessment of hazards, but it does not require any assessment of ttie 
likelihood of these hazards arising. This is because the concept that accidents may 
still happen when all preventative measures have been taken is not one that is 
acceptable within the legislative framework of all EC countries. Therefore the 
approach to implementing Seveso has varied in the different countries. ranging from 
requirements for full QRA to assessing only the consequences of potential accidents. 

To put this in context it is worth discussing in more detail the roles of risk management, risk 
assessment and quantified risk assessment. Managing risks involves five basic tasks: 

... identify the hazards - what can go wrong; 

... estimate the likelihood of occurrence - how often it will go wrong; 

.. estimate the consequences - how bad it is if it does go wrong; 

... evaluate the hazards in the light of: their likelihood and consequences; the alternatives 
for risk reduction; legislation: and the guidance of regulatory authorities and others: 
and finally 

... decide what to do. 

The first four steps are known as risk assessment. If the estimates of likelihood and 
consequence are developed numerically - the likelihood may be expressed in terms of the 
probability per year of Jle accident happening, for example, and the consequence may be 
expressed as the number of people killed - then the process is quantified risk assessment 
(QRA). 
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But tncre is a clear distinction between risk assessment and QRA. This results from the fact 
that crude estimates of likelihood and consequence may be adequate to provide the 
appropriate level of control of hazards. What is more imponant is to identify the hazards 
as systematically and completely as possible. and to demonstrate that there are provisions for 
their control in place. As an example. the Management of Safety at Wodc Regulations which 
came into force in the UK on 1 January 1993 require all employers to make risk assessments 
for their workforce and for people affected by their undertakings. As can be imagined, it 
is not anticipated that these assessments would be quantified in most cases, simply that the 
hazards are identified and the extent of the risks evaluated. 

A similar approach has been calcen in the UK in its response to the Seveso Directive - the 
Control of Industrial Major Accident Hazards (CIMAH) Regulations. This requires the 
submission of a safety repon in certain circumstances, and one of the objectives of the safety 
repon is, "to identify the type. relative likelihood and consequences of major accidents which 
might occur." but there is no requirement for QRA. This can be contrasted to the approach 
in other EC countries such as the Netherlands where QRA. is a requirement or Germany 
where no account is calcen of likrlihood. 

Another contrast in the EC concerns the nature of the regulatory approach. In some 
countries a prescriptive approach is taken which forces manufacturers to conform to certain 
standards and procedures, and provided the manufacturer has calcen these measures he is not 
obliged to consider safety funher. In other countries, including the UK, a "goal-sening" 
approach is used. This means chat manufacturers have both to set out their intentions for 
achieving safety and to demonstrate how these have been met. Both aspects are then 
discussed with the regulator. A risk assessment provides a good framework for presenting 
the manufacturer's position, and subsequent discussions. 

Thus the competent authority in the UK. the Health and Safety Executive (HSE). operates 
a goal-sening regime in which risk assessments required under the various regulations play 
a major role. Such a regime encourages a pro-active approach to safety by manufacrurers. 
This means they must analyse their safety problems and devise appropriate policies and safety 
measures rather than simply respond to accidents and prescriptive legislation. The approach 
anempts to provide the most cost effective approaches to safety, based on making risks as 
low as reasonably practicable (ALARP). It also aims to reduce cases of expensive but 
ineffective safety provisions which can arise under prescriptive regimes. 

Another aspect of this approach is the role played by safety management. It is increasingly 
recognised that quantified risk assessments are based on averaged data which take no 
account. in panicular. of the quality of the management of the plant. However, it is known 
that the quality of safety management has a major impact on risk: numerous recent disasters 
show that accidents happen when the management systems have broken down or are 
ineffective. Thus in assessing the safety of a plant it is important to assess the safety 
management systems io develop a view of their impact on risk. It is expected that this will 
be a fearure of future amendments to the Seveso Directive. 

SRO has worked .. 1ith the HSE for many years while the concepts outlined above were being 
developed and we felt that the UK approach. suitably modified, would be appropriate for 
Hungary. 
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Thus our proposal was framed around providing a methodology for a safety report which 
would both be compliant with the notification requirements of the Seveso Directive and 
exploit the benefits of the risk assessment approach. This safety report was to be tennerl the 
Outline Safety Docllffient (OSD) and would focus on the identification of hazanb and 
assessments of their likelihood and consequences, but not the quantitative aspects of these. 
This would have the benefits of: 

,.. providing a methodology for safety notifications which would be compliant (or nearly 
so) with the Seveso Directive and anticipated changes; 

... focusing on the major benefits to be obtained from a risk assessment approach without 
gening immersed in the details of the quantitative aspects; and as a result 

,.. providing a cost effective way of assessing the safety of as broad a range of plants 
as possible within limited resources. 

This methodology could then be used in a number of ways. However we pn.>posed that 
initially it should be implemented as a joint exercise between che regulators and the 
manufacturers so that it could be further developed for Hungarian conditions and maximu&n 
use of made of scarce safety analysis resources. 

2.2 Project Temn 

In meeting the needs of the project, SRD felt it was important to include experts from a 
number of different areas. including a team member from the HSE to reflect regulatory 
experience in the UK and a native Hungarian speaker with knowledge of hazard assessment. 

Thus a multi-disciplinary project team was assembled consisting of a number of senior staff 
members at SRD as well as experts from outside. The team members were: 

,. Dr Andy Garlick, Manager of the Risk· Management Department at SRO, Project 
Manager with responsihility for communications and overall development of the 
methods: 

,. Dr Ivan Vince, ASK Consultants, responsible for the provision of knowledge and 
expertise on the Hungarian situation, communications with and in Hungary, and for 
reviewing the work; 

,. Dr Steve Porter, HSE Principal Specialist Inspector (specialising in assessments of 
chlorine installations), responsible for specialist advice on risk assessment and 
regulatory conditions in the UK; 

,. Mr Barrie Blackburn, Manager of the Safety Management Systems Department at 
SRO, with responsibility for safety management advice and assessment; 

• Dr Mark Eddo\\es, Environmental Risk A.ssessment Department at SRO, with 
responsibility for advice on environmental aspects; 
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... Mr Russ Ralph. European Business Development Manager at SRO. with 
responsibility for commercial. technical and logi'itical advice. 

The team was able to provide expertise in all the areas relevant to the project. 

2.3 Initial Visit and Task Breakdown 

The initial information gathering took place during 24-27 November 1992 when Dr Garlick. 
Dr Vince and Mr Ralph visited UNIDO in Vienna and then held a number of meetings in 
Hungary. The purpose of the visit was to set up the contacts for the project and collect the 
infonnation necessary for the team to plan the remaining tasks. An important aspect of this 
was the arrangements for a trial impl-~mentation of the methodology - known as the pilot 
study - in Hungary. This was to be an assessment of the chlorine plant ac BVM in Budapest. 

Following the visits it became clear that there were three somewhat different expectations of 
the project: 

... SAFEORG wished to acquire a risk assessment methodology consistent with the 
Seveso Directive; 

... BVM required a safety repon for their chlorine production and storage plant which 
contained quantitative detail and which provided useful recommendations for BVM 
and the local authority; and 

... the Ministry of Industry and Trade expected advice and i-ecommendations on sening 
up a regulatory system for major hazards. 

The project team attempted to meet all these expectations to the greatest extent possible 
within the limited time and budget available and the approach to each is set out individually 
in the three sections which follow. 
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3 DEVELOPMENT OF THE OSD METHODOLOGY 

3.1 OSD Requirem~11ts and Approach 

As noted in section 2.1, the outline safety document is intended to: 

.. meet all the requirements of the Seveso Directive for a safety notification. including 
tltose anticipated in the furure: 

.. adopt a risk assessment approach modelled on the situation in the UK; 

.. be straightforward to apply, and provide maximum value for the eff on expended. 

A detailed analysis of the Seveso Directive was provided in the interim repon [3] and is not 
repeated here. The requirements for a safety notification apply to a specific industrial 
actil:ity comprising certain listed processes or storage which involve cenain listed dangerous 
substances. The notification should be submitted by the manufacturer to a competent 
authority who will receive the notification. review it and inspect against it. l:iecause the 
notification covers the fairly straightforward collection and presentation of cenain 
infonnation, the OSD methodology focuses on methods to do this . 

Because the inf onnation collected in our approach is that relevant to the basic safety 
characteristics of the plant, it can be used in two ways. 

.. It can be analysed and collated in such a way that it provides a coherent argument 
that the plant is operated safely. This is the safety justification (or safety repon, or 
safety case) that is required for the Seveso Directive notification. 

.. It can be analysed in such a way that it identifies the weak points in the hardware 
systems and the management of safety at the plant and can be used as a tool to 
improve safety and environmental perfonnance. This is the safety assessment 
function. 

It is intended that the OSD should be used for both functions. We envisage that flexible use 
of the OSD technique in Hungary will enhance the value to be gained from its introduction. 
Indeed we think that the OSD could be used jointly by regulators and manufacrurers to gain 
familiarity with these techniques in a cooperative assessment (rather than regulatory) mode 
of operation which can then be evolved into a more independent, adversarial approach as 
Hungary moves towards membership of the EC with a consequent requirement to introduce 
a system compliant with the Seveso Directive. 

1a1e approach to infonnation collection and analysis which has been adopted is one in which 
a set of standard fonns are completed in such a way that when they are collated they fonn 
a complete OSD. 

Associated with the fonns is extensive guidance, using checklists in panicular, which helps 
the analyst to provide the appropriate information and then to carry out the necessary tasks 
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to establish the adequacy of the arrangements, and the risk presented by the activity. 

_......._ . 

• • 

In fonnulating the method the main inputs were the Seveso Directive itself and the guidance 
issued by the HSE in connection with the CIMAH Regulations. However, the OSD does not 
necessarily comply with all aspects of HSE guidance. 

In panicular changes have been made to facilitate the collection of infonnation by the use of 
forms. Furthennore, the OSD method was developed to panicularly address safety 
management (by the use of a small safety management audit) and environmental effects. For 
these we have drawn on the knowiedge of SRD experts as to best practice in this area. 

3.2 OSD Structure 

Figure 1 shows the basic infonnation processing which takes place for the OSD. It is based 
around the schedule of infonnation which is set out in the Seveso Directive. 

The key areas are those in the second row which represent the basic data collection 
requirements split into three main segments: 

infJnnation about the industrial activity, 
information about the management of the activity, 
infonnation about the hazards arising from the activity. 

Fonns have been generated which assist the user to compile the infonnation relating to each 
of these key areas. It should be noted that the second area - infonnation about management -
is not a Seveso Directive requirement. However it is incorporated in the CIMAH 

Regulations in the UK, and is expected to become a pan of the Seveso Directive in the near 
future. 

The data collection forms are described in more detail in the following subsections. 

3.2.1 Definition of scope 

A: IDENTIFICATION 

This identifies the industrial activity or activities and their associated installations to 
which the repon applies and the basic infonnation concerning the manufacturer and 
so on. An OSD may be prepared for a complete site, or for a subset of activities on 
the site. Fann A also provides infonnation on the contents of the OSD and its issue 
status. 

B: APPLICABILITY 

This identifies the dangerous substances associated with the acuv1ty and their 
quantities. The Seveso Directive sets threshold inventories for a number of dangerous 
substances. If these thresholds are exceeded, a safety notification is required, though 
for the time being other criteria could be used for an OSD in Hungary. The OSD 
form helps the user establish whether a safety notification would be required under 
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FIGURE 1 : Basic Information Processing in the OSD 

Collect information 
about the activity 

Safety 
justification 

Define scope 
of the study 

Collect information 
about the 

management of the 
activity 

Assessment: 
analyse the 
information 

Collect information 
about the hazards 

arising from the 
activity 

Safety improvement 
plan 

Figure 1 Basic Information Processing in the Outline Safety Document 

the Seveso Directive and provides further guidance regarding substances which are 
environmentally harmful. 
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3.2.2 Information about the activity 

Section C of the OSD collates all the infonnation relating to the installation and its 
surroundings which is needed to develop and present th.: safety justification. It is broken into 
three separate forms. 

Cl: LOCAL INFORMATION 

This information includes the location of the surrounding population. transport routes 
and environmental targets, the off-site emergency plans and the infonnation provided 
to local residents concerning the industrial activity and its major hazard potential. 

While it is not normally the responsibility of the manufacturer to prepare the off-site 
emergency plan. it is a Seveso Directive requirement that a system is in place for one 
to be prepared - normally the responsibility of local authorities - and the competent 
authority must check this. By including it in the OSD we are providing a means 
whereby this is reviewed. especially for the adequacy of the plan in the light of the 
hazards which have been identified. 

Similarly the questions concerning infonnation provided to the public are stimulated 
by the Seveso Directive requirement that such infonnation should be provided. The 
information required is based on the related schedule in the Directive. 

C2: SITE INFORMATION 

This information includes the lay-out on-site, the details of the activity, and the 
measures taken to prevent, control and mitigate incidents, including the on-site 
emergency plan. Thus it particularly focuses on the safety-critical systems. 

C3: HISTORY OF THE INSTALLATION 

This information relates to accidents, near misses, reliabiHty problems and 
management failures which have been experienced. This information is not required 
to be provided by the Seveso Directive, and it is not component of the CIMAH 
regulations either. However, the information can be used to justify estimates of 
frequency provided in the risk assessment and also provides a useful perspective on 
the safety management. We therefore recommend that it is retained within the OSD 
methodology. 

3.2.3 Information about the management of the activity 

Section D of the OSD contains information about the management systems. It too is split 
into three areas. but an additional form. Form D, is provided to collect information about 
the staffing arrangements and to give an oversight of the information collected using the other 
forms. 

The Seveso Directive does not require this information to be provided in a notification. 
However the method developed here is based on the guidance given on the CIMAH 
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Regulations and thus represr.nts UK thinking. as outlined in section 2.1. Furthermore it is 
lilcely that more detail on safety management \¥ill required when funher amendments to the 
Directive are made. 

Overall. tbis section can be dropped completely if Seveso Directive compliance is the main 
aim. Alternatively the main form. Form D. can be completed. leaving out the supponing 
details provided by forms D 1-3. 

D: INFORMATION RELATED TO THE MANAGE..~ENT SYSTEM 

The purpose here is to determine the quality and completeness of the management of 
safety at the plane. Without a good standard of safety management the risk posed by 
the plant will be much higher than normally estimated. This form contains three 
main areas: staffmg. conu-ol systems and training. and is filled in with the help of 
three subsidiary forms. 

Dl: STAFF INFORMATION 

This establishes the details of the responsibilities of individual staff members for 
safety and the initiation of emergency plans. It includes not only those with direct 
line responsibilities. but also those responsible for providing safety-related technical 
suppon. 

02: CONTROL SYSTEMS AUDIT 

This is an audit technique which provides a basic overview of the safety management 
systems most relevant to major hazards. The results are conden-.ed into an overview 
rcpon on Form D. The control systems covered are: engineering control (design. 
modifications. maintenance, hazardous work). operational control (procedures for 
normal. abnormal and emergency operations) and materials control (including 
security). 

D3: TRAINING AUDIT 

This is a funher audit aimed at establishing that systemS exist to ensure that staff 
involved with safety functions are properly qualified and trained. Again it is 
summarised into an overview on Form D. 

3.2.4 Information about the hazards arising from the 3'."tivity 

Section E of the OSD deals with hazard identification and analysis. again broken down into 
three stages. The focus of this is potential major accidents, in accordance with the Seveso 
Directive. but the techniques used are also useful for generating information about all kinds 
of hazards including occupational ones. 

E: ASSESSMENT METHODS 

The first form in Section E is used to collect details of the approach to the assessment 
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and the methods used in each of the subsequent sections. This includes the methods 
used co identify hazards and also the methods used to analyse the likelihood and 
CO!SC<{Uences of accidents. 

El. SUBSTANCE INFORMATION 

This enlarges on the basic inventory information about dangerous substances 
previously given on Form B. It sets out the conditions under which the substance is 
used !n the activity and what the hazards associated with it arc. 

E2: IDENTIFICATION OF HAZARDS 

This leads the analyst through a procedure for identifying the hazards associated with 
each dangerous substance in the industrial activicy. The endpoint is co identify those 
hazards which have the poter.tial to lead to a major accident and guidance is given on 
deciding this. However, the methods can also be used to identify other hazards, such 
as the occupational safety problems on the plant. 

E3: ASSESSMENT OF POTENTIAL MAJOR ACCIDENT 

This form is completed for each potential major accident identified at the previous 
stage. It leads the user through a classification of the accident. ways to derive 
qualitative estimates of likelihood and consequence, and if necessary quantitative 
methods. In particular it provides a method for estimating accident frequencies based 
on generic failure rates used by the HSE. It also gives guidance on sources of 
methods for calculating the consequences of accidents. It does Mt directly provide 
methods for doing this; this is a very complicated area beyond the scope of this 
project. In this respect the OSD may not be fully Seveso-compliant on its own since 
consequence calculations are necessary not only co estimate risk. but also co design 
on- and off-site emergency plans. 

3.2.5 Analysing the information and assessment 

F: CONCLUSIONS 

This is the final form in which the results of the major accident assessments. and the 
other infonnation compiled during the assessment arc drawn together. It provides 
guidance on calculating and presenting the risk information. 

As shown on Figure 1. the outcome of the assessment depends on the purpose for 
which it is carried out. For a safety justification. this is where a statement of 
adequate safety should be made. However. the question of what standards are to be 
applied in Hungary. for example in tenns of tolerable leve!s of risk. is beyond the 
scope of the project. For a safecy assessment it would be expected that an action plan 
agreed by management would be set out. or the assessor's recommendations on 
possible improvements. 
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3.3 OSD Presentation 

Thc OSD methodology was fully developed prior to the pilot srudy in the form of two 
separate documcms: a set of fonns as described above. and a guidance document. 

Thc guidance document sets out in some derail what is required and rclatcS the requirements 
back to the Scvcso Directive explicitly. It is possible that too much detail is conuincd in the 
guidance of this general nature. 1:-ut it docs help the user assess compliance with the 
Directive. Thc guidance is hcavi:y based an guidance provided by the HSE for the CIMAH 
Regulations [2] as well as on SP'1's views on best practice in safety assessment. 

Thcrc arc many possible options for presenting such a system. They include binding the 
guidance in with the relevant fornn - perhaps on facing pages. using different colours. as 
fonn header sheets. and so on - and different ways of using the fonns. 

In fact it was decided to keep chc guidance as a separate volume (well indexed) printed on 
normal paper (the trial version was pink). It is Annex 1 to this rcpon. Th.is makes 
alterations and additions as easy as possible. 

The presentation of the forms is also difficult. Forms arc ideal for handwritten or typed 
reports but czn become difficult to manage using word processors. 1be alternative might be 
simply a contents list. However. this depends on the technology available to the user and 
is simply left as an option. The data entry forms arc therefore one of the deliverables of the 
project - see Annex 2. but may be used in whichever way is convenient as a guide to how 
to present the assessment. 

3.4 OSD Features 

Th.is sets out a number of panicular features of the OSD methodology. 

3.4.1 Document control 

The OSD forms arc provided with a means of document control which tracks the issue starus 
of each form. and the backup documentation which is attached to it. They are also provide 
with header information to identify the forms and their contents easily. Finally each fonn 
contains a box allowing the relevant responsible person to approve their contents. It may be 
decided that all of this is too elaborate for the current stage of dev~lopmcnt. in which case 
it could be removed. 

3.4.2 Safety management information 

It was noted previously that two main parts of the safety management information collection 
consisted of audits of the systems. The intention is that such audits represent a relatively 
straightforward way of collecting imponant information, though some training and experience 
would be required before the audits could be carried out by a new user. These audits were 
extracted from SRD's own safety audit system, PRISM. They represent a very small subset 
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of the total contents of PRISM as they would of any audit system. lbey arc designed to give 
an indication of the quality of the management system. rather than to be a check of the 
systems' completeness and adherence to best practice. 

3.4.3 Hazard identification 

It is recommended that hazard identification be carried out using the HAZOP technique. 
This has been applied for many years in the chemical process industry as a tool to examine 
detailed plant designs for hazard and operability problems [4]. More recently these 
techniques have been a<laJY.ed to provide higher level examination of safety problems at both 
the design and operating stage. and it is this approach that is recommended. 

The fundamental property of the HAZOP technique is that involves plant experts of different 
skills and backgrounds in a group meeting with a chairman who is experienced in the 
technique. but not necessarily in the plant to be studied. This generates a probing 
atmosphere for the group session which allows "how?" and ·what i~" questions to be asked 
which then reveal previously unsuspected aspects of the plant behaviour. 

Again the intention is that this area of information collection should be relatively 
straightforward (though again some training. of chairmen and secretaries, is necessary). 

3.4.4 Risk assessment 

Risk assessment can be carried out at different levels. The guidance notes and forms include 
three levels of likelihood estimation and two of consequence calculation. For both 
parameters it is possible to carry out a categorisation using basic knowledge of the hazards. 
It is also possible to do detailed calculations of frequency and consequence and the guidance 
notes provide reference lists on doing this. A third method of frequency estimation is 
provided which is used by the HSE in assessing plants for land use planning purposes. This 
depends on using a set of generic frequencies (validated in the UK) relating to releases per 
unit pipe length, per vessel, etc. This formalised method provides a useful way of 
comparing the different plants, though its absolute accuracy is open to question. In the furure 
it would be appropriate to begin to calibrate such methods for Eastern Europe; this could 
come at a stage prior to developing a full database. 

The categorised methods may alternatively be applied following the hazard identification 
stage. 

At the conclusions stage further guidance is given on how to evaluate risk on the basis of the 
likelihood and consequence information for each accident. 

3.4.5 Environmental Aspects 

One of the key areas identified by t.JNIDO in their original request was the ability to analyse 
accidents causing environmental hann. The study of such accidents is much less developed 
than for accidents harming man and this caused some difficulty in the project. Specific 
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I 
However, this is not required by the current version of the Seveso Directive, and it appeared 
to detract from the flow of the guidance generally. As it did not affect the information to 
be provided on the forms, most of the environmental guidance is now incorporated into an 

I 
Appendix to the guidance. .!'""!- ~ 

~ 

I 
I 

.. 
I ..-

I 
I 

. .. 
I 

\ 

I 
.. ~ I 
'~ ~ 

"' ~ I 
I 
I 
I 
I 
I j 

~ ' I .. 

T 20 ' t 



.. :::m; •. . - .... 

-. I· • 

I ., 

' I -
I 
I 
I 
I 
I 

- I 
I 

,,. , 

I 
\ 

I 
\\.' I 
'~ ~ 

\ I 
I 
I 
I 
I 
I 
I 
.. 

t 

----- ~ - _.._ ·- --- -- - . -.-
COMMERCIAL IN CONFIDENCE 

4 THE PILOT SfUDY 

4.1 Scope of Pilot Study 

The industrial activities selected by SAFEORG for the pilot study were the production, 
storage and shipment of chlorine by Budapesti Vegyimuvek (BVM) at its Illatos ut site in 
South East Budapest. This site experienced an explosion in January 1992 and we understood 
that as a result the local authorities of Budapest IX were taking a panicular interest in the 
activities carried out there. In fact a safety study bas already been carried out by SAFEORG 
but this did not include the chlorine processes. Thus BVM had a panicular interest in having 
a study done which covered this. 

In fact. at the meeting iii Novemi:>er. BVM made clear their need for a detailed report and 
mentioned their wish to see quantified levels of risk to members of the public and to 
workers. In the case of workers it would be unusual to prepare a risk assessment based 
purely on major accidents: a large contribution would be expected from normal industrial 
accidents. In the case of the public we agreed to attempt to estimate the risk for some 
accidents. and this extension to what is strictly required for the OSD was also requested by 
UNIDO. 

The process consists of two sets of electrolytic cells where chlorine gas is produced from 
brine at up to 3 te/hr. The chlorine is compressed and condensed. following which it is 
stored in tanks. There are four tanks each containing up to 25 te of chlorine. The chlorine 
is shipped off site in railcars (up to 40 te), drums (up to I te) and cylinders (50 kg) and is 
also used on-site in the organics plant and for the manufacture of sodium hypochlorite and 
hydrochloric acid. The hypochlorite plant is an important safety system, extracting routine 
and accidental chlorine releases. 

The Illatos ut works are L'l a generally industrial area of Budapest, surrounded by marshalling 
yards. other industries, and wasteland. However 300 m from the plant in a south easterly 
direction (down the prevailing wind) is an area of dense housing. The works are also about 
I km frorr. a branch of the Danube. 

4.2 Schedule of Pilot Study 

Following the November meeting, requests were made to SAFEORG for information 
concerning the activity, and a considerable amount was received. This was mainly in 
Hungarian and this impeded assessment of its utility. Thus the contents were scanned and 
further requests made for information that appeared to be missing. 

In order to deal with this problem during the main part of the pilot study, SAFEORG made 
two English-speaking technical assistants available. These were Mr Jozsef Szamosi and Mr 
Peter Pal; they acted as translators and sea1ched out information which was not readily 
available. 

The main pilot study took place during the week of 18-22 January 1993. During the: week 
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the following activities took place. 

Monday 18 January 
Activate office at BVM. install computers etc. initial briefing meeting with BVM 
management and staff. start of high-level HAZOP of all plant covered in the study, safety 
management walk-round. 

Tuesday 19 January 
Safety management interviews, remainder of HAZOP, arrival and familiarisation of Dr 
Porter. 

Wednesday 20 January 
Continuation of safety management interviews, inspection by risk assessment team, collection 
of l\Jeal information. 

Thursday 21 January 
Continuation of safety management interviews and report preparation, preparation of risk 
assessment. meeting between Dr Porter and MIT representatives (described in Section 5). 

Friday 22 January 
Meeting to discuss detailed results of inspections with BVM management, meeting to discuss 
overall conclusions of study with all interested parties (BVM, local authorities, MIT, and the 
civil defence authorities). 

Throughout this period the team received excellent co-operation from the BVM staff 
involved. They went to considerable trouble to provide information and kept long working 
hours. having arrived well before us in the morning. The efforts of the two technical 
assistants were particularly commendable, with a requirement to translate continuously in 
both directions throughout the day. 

The above schedule is in line with the planned schedule provided in the interim report [3]. 
The main difference is that 1.5 days were used for the high-level HAZOP and the detailed 
HAZOP of railcar loading was abandoned, though this has linle effect on the assessment. 

The Friday morning meeting was used to indicate a number of areas where BVM 
management could improve safety performance and these suggestions were well received. 
The Friday afternoon meeting was used to provide a more general description of the method 
and the results. Although quantitative risk figures were available, shortage of time meant 
they had not been checked or agreed within the team, and this information was therefore not 
presented. 

Following return to the UK the results have been written up and are presented as Annex 3 
to this report. 

4.3 Conclusions of Pilot Study 

The Illaros ut works are very old - of order 100 years - and the chlorine production process 
also c!ates back many decades. We were told that throughout this time attempts had been 
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made to move this activity from such a populated area. The condition of the buildings and 
the plant reflects this age: they are decaying, diny and not well kept . 

The equipment itself is also old, furthermore it was complex and completely dependent on 
operator actions. There was therefore considerable scope for operator error; indeed this bad 
caused the previous year's explosion and by examining the incident records for a five year 
period we found several serious incidents stemming from this. There were very few 
automatic systems and no chlorine detection systems. The equipment associated with 
chlorine shipments was particularly basic. 

We found that the hazards of the process were generally well understood and that many 
systems were apparently in place for the management of safety-related activities such as 
maintenance, storage tank inspection, etc. However it was not apparent that these systems 
were adhered to. We found many insufficiently supported pipes, evidence of maintenance 
carried out to poor engineering standards, availability of materials which react with chlorine. 
unwise working practices, failure to adhere to instructions and a general failure to realise the 
propensity for human error. While there was both an on-site emergency plan and an off-site 
one in the final stages of preparation following the explosion it was clear that these plans 
would not work if called on. 

It was also clear that a number of more routine occupational hazards, involving the use of 
mercury, unprotected machinery and falling hazards, existed. There were several grounds 
on which continued operation would not have been permitted in the UK. 

It was a matter of further concern that we were given two inconsistent p1pmg and 
instrumentation diagrams prior to the main study, and that on arrival at BVM we were 
presented with the "correct set" which had clearly been prepared specifically for the study. 
We identified a number of errors on these. Similarly when we requested the procedure for 
rail car loading, a new one was specifically written . 

As a result of these shortcomings the team were able to make a number of recommendations 
to BVM management which, if implemented, would considerably improve the safety of the 
activity. Further details are contained in Annex 3. Many of these recommendations provide 
a very cost-effective way of improving the safety levels at the plant compared with the 
replacement of the old equipment. 

Failures to manage safety to UK standards also mean that the risks to the public will be 
higher than estimated using UK generic data. 

A quantitative risk assessment was carried out using a limited number of rel~ase scenarios 
and grouping into categories to reduce the number of calculations. Both individual risk and 
societal risk were calculated. Individual risk is the likelihood of receiving a particular toxic 
dose and societal risk is the chance of accidents in which a given number of people receive 
a given dose. Two doses were considered: that used by the HSE ir1 the UK which is the 
level at which the most susceptible members of the popul.1tion may be killed, and the dose 
at which around 503 of the population will die. The form\.!r is more relevant to individual 
risk and the latter to societal risk. 

The risk calculations did not take into account the effects of b~ing indoors, nor did they 
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model countenneasures such as evacuation. However the risk levels found were high by the 
standards currently under discussion in the UK. These levels could be considerably reduced 
if the recommendations for improved safety at the plant were put into effect. 

4.4 Lessor.s for OSD Methodology 

The main tasks carried out during the week in Budapest were the three items of data 
collection shown on Figure 1. As has been noted, these tasks are intended to be relatively 
straightforwaid to carry out, with a minimum of specific safety assessment knowledge. In 
fact a high-level HAZOP of the process was completed in about 12 working hours, including 
translation. A further 6 hours of inspection was carried out, meaning about 90 man-hours 
of work for hazard identification. 

The was difficult in several ways: the obv!ous one was the translation, but t.11ere were also 
problems in developing the desired group dynamic. In general it consisted of the chainnan 
asking the what-if questions, with the answers mainly being given by just one of the plant 
people present. Thus it was more interview than group session. No doubt with time and a 
shared language a better team spirit could be developed. We feel the techniqut; could be 
introduced with no problems, though some training may be required. 

A similar picture emerges from the safety management interviews we held. A similar 
number of man hours was involved in these and a considerable amount of information was 
gained, though in many cases not checked. It is important to remember that this is not 
intended to be a complete assessment: what was required was an overview of the standard 
of safety management and the sessions held were quite adequate to do this, as well as allow 
positive snggestions fro improvements to be made. Again, though, training would be 
desirable to allow assessors to reach the required standards. 

With regard to the basic data collection, we were able to obtain most of what we needed, 
though there were difficulties with the off-site emergerv:y plan because of its status. The fact 
that material was prepared especially for the study has already been mentioned. It was very 
difficult to get adequate maps for the purpose of the study: in the end we made composite 
maps which showed both plant details and the local surroundings. And we collected some 
of the information required by walking around the neighbourhood with a Polaroid camera. 

Overall, the infonnation collection was demonstrated as feasible with the timescale, and as 
not requiring a high level of technical expertise. Furthennore this experience has not led us 
to make more than detailed changes to the OSD methodology in the relevant areas. 
Interpretation of this information is a more expert task, but many constructive suggestions 
were made by the safety experts on the team which would have the effect of making 
significant improvements in safety and environmental performance. 

In the risk assessment area we were also able to make simple quantitative estimates of risk. 
These estimates used many fewer releases than is normally the case in the UK and the 
uncertainty introduced by this is not known, but will be less than an order of magnitude. 
However 1le main source of uncertainty is in the release frequencies where the use of generic 
UK data in Hungarian conditions is questionable. especially where there are demonstrated 
deficiencies in safety management. Not surprisingly with such a complex plant the risks off-
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site th.lt we estimated are high by UK standards. and could be reduced significantly if the 
suggested improvements are introduced. This emphasised our view that QRA is of limited 
application in these circumstances. The main priority should be to identify the hazards and 
check that they are controlled. We can echo Kletz•s [4] comment that hazard analysis is a 
~aste of time if the plant is not designed. operated and maintained according to good 
management and engineering standards. 

Finally it should be noted that the pilot study has given us very little information about the 
feasibility of looking at environmental harm using the OSD methodology, although the team 
did collect information about some problems in the area, including mercury contamination 
for which BVM are fined at regular intervals. We recommended that a m~rcury mass-

balance study be carried out. 
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5 ADVICE TO REGULATORS 

5.1 The Regulatory Environment in Hungary 

The current clinldte for the regulation of safety and the environment in Hungary is highly 
volatile. The need to move to more appropriate systems with the advent of new social, 
economic and political standards is only now having an impact in this area, with the situation 
being complicated by the desire to be able to implement EC directives on joining the 
Community. 

This has led to much discussion on the best way to regulate labour, public and environmental 
safety and how ministerial and executive responsibilities should be organised. Our main 
Government contact in Hungary, the Ministry of Industry and Trade, is in the thick of these 
discussions. It is one candidate to take responsibility for a new regulatory organisation which 
woald have the competent authority role required by the Seveso Directive. 

5.2 Interactions with MIT 

The staff at the Mir~stry of Industry and Trade met by the project team in November saw 
the main immediate benefit of the project coming from the opportunity to learn from 
experience in the UK of the implementation of regulations in the area of major accident 
hazards, and in particular the Seveso Directive. The areas in which MIT could benefit from 
advice directly relevant to Seveso were listed in the interim report [3]. It was anticipated that 
much of this benefit would come from the presence in the project team of Dr Porter from 
the HSE who held a half-day meeting with MIT personnel on 21 January. 

As noted previously the MIT personnel also requested a visit to HSE to observe how the 
Executive operates at both a policy level and on a day-to-day basis. Arrangements for this 
are in place, but lie outside the scope of this project. 

The meeting- with MIT was attended by 16 people representing a number of Hungarian 
Government departments and industry organisations including the Mini:;:ry itself, the Ministry 
of Labour, the Ministry of the Environment, the Chemical Inspectorate, SAFEORG and 
others. 

Dr Porter gave a presentation on the HSE which covered the historical background, legal 
framework, objectives and function. 

Given the radical changes taking place in Hungary there was much interest in the legal and 
institutional development of the HSE, as well as constitutional issues in the UK. Clearly this 
stemmed from MIT's interes~ in setting up a similar regulatory body. 

Mr Somogyi of MIT, who may be responsible for major hazards in the future, prepared some 
notes on the presentation which are attached as an Appendix. They illustrate the interest of 
the Ministry, but show that at present it is at a rather basic level. 
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During the meeting it was apparent that MIT staff were heavily involved in dealing with 
parliamemary questions on where the responsibility for these areas should fall. In this 
atmosphere there was naturally some distraction from the visit and presentation by Dr Porter. 
Although there were significant levels of interest generated amongst those present there was 
no one at the meeting who would have a significant part to play in the decision making 
process. 

As a result it was apparent that the initial plans were over ambitious and that it was not 
possible to provide advice on the detailed issues that were anticipated. What was important 
was that the underlying philosophy of the UK approach to major hazard regulation was 
communicated. and that there will be opportunities in the fumre to give advice on the more 
technical aspects if this is required. Furthermore. once the position on safety and 
environmental responsibilities is clarified it will be important for the competent authority to 
have available appropriate levels of technology, including risk assessment codes and training. 

One area that was raised which lies outside HSE's scope of activities was trading standards 
for product safety and cenification. MIT in particular were interested in the systems in place 
in the UK and their legal framework. Those members of the project team present were not 
able to give a full account of the UK position in this area. However. as this was a major 
safety consideration for the public. it was agreed that visits would be arranged with relevant 
officers from the UK Trading Standards Service during MIT's visit to the UK to see the 
HSE. 
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6 CONCLUSIONS 

( 1) An outline safety document methodology has been developed which can be used to 
justify the safe operation of major hazard plant or to assess its safety. The 
methodology is supported by a set of data entry forms and associated guidance notes. 

(2) The methodology comprises three relatively straightforward data collection tasks -
infonnation about the plant itself, the hazards it leads to and the way those hazards 
are managed - followed by an assessment task. Leaving aside the comparatively 
complex topic of quantified risk assessment, the assessment task is also 
straightforward. 

(3) 

(4) 

The methodology can be applied to a substantial industrial activity in Hungary with 
several man-weeks of work, including the need for virtually 100% translation. 

It follows that with appropriate training and experience the methodology can form the 
basis for introducing modem goal-setting risk management techniques into Hungary 
in a timely and cost-effective way. This in rum can support a regulatory scheme for 
major hazards which would meet the requirements of the Seveso Directive. 

The areas where further assistance to Hungary is indicated are as follows: 

"' training in the OSD technique (in an agreed final form), and possibly in more 
advanced QRA techniques; 

"' training in safety management techniques, including the introduction of safety 
management systems, carrying out safety audits, and the development of emergency 
plans: 

"' similarly, training in environmental management techniques; 

"' specific assistance to BVM in the above areas; 

"' development of failure databases relevant to Hungary (and possibly other parts of 
Eastern Europe); 

"' development or purchase of risk assessment and consequence analysis tools for use 
in Hungary, and training in their use; 

"' advice on risk management techniques, panicularly regarding tolerable levels of risks 
and reducing risk levels to as low as reasonably practicable (a UK legal requirement); 
and 

"' advice to Hungarian regulators on the philosophy and detail of setting up a competent 
authority for the regulation of major accident and environmental hazards. 
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APPL1'IDIX: MIT Meeting Notes 

Translation of a note by Mr J Somogyi. A number of further details are provided in 
foocnoces. based on commems from Dr Porter. 

Subject: 

Presenter: 

Those Present: 

Interpreter: 

Introduction 

SUMMARY NOTF.s OF DISCUSSION 

HELD AT MIT, ROOM 553, 21JA."'«IARY1993 

Presentation of UK Inspectorate correrned with ·dangerous· 
industries. 

Dr Stephen Porter, Principal Inspector. UK Health and Safety 
E.'tccutive (HSE) 

See list anached. 

Dr Ivan Vince, ASK Consultants 

SRO Safety and Reliability Consultants, a British firm, is carrying out a srudy on behalf of 
Hungarian instirutions under the auspices of UNIDO. The subject of the srudy is ·safety and 
economic quantitative risk assessment (QRA) technique" [sic]. Dr Stephen Porter, HSE 
Principal Inspector was involved in the project. Since QRA activities are closely connected 
to the work of inspecting authorities, it was decided, as pan of the project, to hold an 
introductory seminar on the practice of i.:-..dustrial safety regulation in the UK, which is 
largely the province of the HSE. 

Status or the HSE 

The HSE was fonned in 197 4. Previously, there had been the Factory Inspectorate, set up 
in the last cenrury, originally for the protection of children (child labour); even in more 
recent times, its sph•:re of influence was restricted to the factory fence. The possibility of 
accidents leading to off-site consequences. and the need to bring worker health protection. 
worker safety and envirorunental protection under one umbrella. led to the formation of the 
HSE. 

The legal framework within which the HSE was to operate was provided in the Health and 
Safety at Work Act (HSWA) of 1974. Under the tcnns of the Act. a committee, the Health 
and Safety Commission (HSC) is responsible for the Executive. The HSC numbers 10-15 
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people nominated by the Emplnymcnt Minister from representatives of employers. 
employees. local authorities and. recently. consumers. 

The executive organ carrying out the tasks of the HSC is the HSE. which consists of a 
number of central instimtions and 21 regional organisations. with a toral staff of 3000- 4000. 
(The 1992 expenditure for the HSE was £194 million. which was provided from the national 
budget.) In some specialist areas (fire. explosion. dense gas dispersion. etc). the HSE 
operates its own research instimtcs1

• 

Duties and Functions of the BSE 

Relevant regulations arc published by the HSC. using its powers under the terms of the 
HSW A. (This has the added advantages that the HSC can implement the relevant EC 
Directives witllout the need co involve Parliament.) 

The HSE ensures that regulations made by the HSC are brought into effect. The HSE can 
give compulsory insuuctions to any parties affected by the regulations. HSE inspectors are 
generally graduates. while specialist inspectors are required to have relevant funher 
education/ experience. 

U oder the tenns of the HSW A. inspectors can demand practically any information from the 
site operator. The m<ain goal of the HSE is to prevent or mitigate off-site risks.:. On-site 
safety is basically assured by the site operator/owner by following the regulations (the HSE 
cakes pan in drafting the regulations); but the HSE is not essentially involved in this 
(presumably this is more a subject for insurers. including National Insurance). The most 
imponant function is the prevention of the major accidents (literally, "catastrophes"). the 
elements of which arc: 

hazard identification and assessment, 
hazard minimisation and control (the ALARP principl~). 
mitigation of ronsequences in case of realisation of the hazard (land use planning, 
emergency planning). 

Planning pcnnission is generally a maaer for the local authority (LA), but for this the LA 
requires a plan from the developer, which it makes public, and concerning which it consults 
the HSE. The HSE considers individual planning applications free of charge on behalf of 
the LA. 

The HSE can call in planning applications for especially hazardous plant, and in these cases 
the Envi:-orunent Minister decides. 

1HSE also carries out or sponsors research on occupational causes of ill-health, including noise. vibration. 
exhaust ventilation, exposure to toxins and other 1opics such as railway and fairground accidents. 

:This is main task of the Hsc·s Major Hazards Assessment Unit. The remainder of the HSE are involved in 
\he enforcement of on-sire healtll and safety marten. 
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UK Practice and its Relation to EC Regulations 

lJK. practice confonns to EC regulations. The EC Scveso Directive bas been in force under 
HSE control since 1984 (the British version goes under the name CIMA.II)_ In t.'le UK, 
approximately 1600 sites arc governed by Scveso. of wbich approxinwely 500 arc classed 
as top-tier, and require operating permits to be renewed every 3 years (or after any 
modification)1. The risk assessment prcscnl>ed by Scveso may be carried out in the UK by 
any institution (including consultancies), but HSE prefers reports to be prepared by the 
hazardous firm itself. 

All EC Directorates" have HSE representatives on their safety committees, so UK practice 
is in tum embodied in the evolving EC regulatory framework. 

~ HSE do not in fact issue permits to operate a major hazardous chemical plant, but 1he company needs to 
have submitted a safety repon and have it reviewed by the HSE every three years or when there has been a 
significant plant modification. 

'Only those which have responsibility for health and safety legislation. This is merely to influence the EC 
legislation along the lines of the British model. It is not always the case that the resultant EC legislation is fully 
influenced. 
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Foreword 

These noces accompany a set of forms which guide the user 
through an assessment of the safety of industrial major 
hazardous plant. Such an assessment will be compliant with 
the notification requirements of Anicle 5 of 821501/EEC - the 
Seveso Directive. Extracts from the Directive have been set 
out in che noces in double edged boxes. 

The approach chosen has been heavily influenced by that of the 
Health and Safecy Executive in che UK. However. this does 
not imply approval by che HSE of the methods and guidance set 
out here. which is provided by SRO. 

AR Garlick 
SRO 
February 1993 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
OVERVIEW 

Purpose 

Article 1 of 82/501/EEC[l] - the so-called Seveso Directive - begins as follows: 

This Directive is concerned with the prevention of major accidents which might result 
from cenain industrial activities and with the limitation of their consequences for man 
and the environment. 

The Directive sets out a number of measures which have to be implemented in Member 
States in pursuit of this end. In particular Article 5 requires: 

Member States shall introduce the necessary measures to require the manufacturer to 
notify the competent authorities . . . if in an industrial activity ... one or more ... 
dangerous substances ... are involved .... The notification shall contain the following: 
(a) information relating to substances ... 
(b) information relating to the installations ... 
(c) information relating to possible major-accident situations ... 

This "notification" is the safety report which plays a major role in managing major accident 
hazards in the EC and is now coming into play in other arenas such as offshore oil and gas 
exploitation in the North Sea. 

The Outline Safety Document (OSD) is intended to fulfil the role of the safety report for 
Hungarian conditions. It is intended to be relatively easy to apply and assess, and to be fully 
compliant with the requirements of the Seveso Directive. Beyond this. it contains some 
additional features which are intended to: 

test compliance with the Seveso Directive in some areas which are not strictly the 
province of the safety report; 

anticipate future changes in the Directive; 

provide a more complete treatment of environmental major accidents; 

emphasise the role of safety management in the reduction of risks. 

This methodology for preparing an OSD has been designed to be as straightforward as 
possible. minimising the knowledge of safety and risk assessment techniques required. 
Nonetheless. a basic understanding of the principles will be needed. as will access to a 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
number of documents sening out the more detailed techniques. It is assumed that the 
assessor will be familiar with tht plant to be assessed. 

Structure 

The OSD is structured as a compilation of relatively small documents. Thus it can be 
expanded at will. The documents largely consist of a series of forms to fill in, though 
additional material is required in some areas. A document control system to reflect 
modifications to the document is provided. This ensures the status of the document and the 
plant it refers to are well understood and is described in more detail below 

This guidance could be printed on coloured paper, enabling it to be interleaved with the OSD 
if required. and later removed from the document if necessary. In the present version it is 
presented as a standalone document. The guidance is intended to provide immediate suppon 
needed to the person compiling the OSD and can also be used during an assessment. 
Funhermore it shows how the contents are related to the requirements of the Seveso 
Directive and how this has been expanded to reflect anticipated future changes in the Seveso 
Directive or what SRD believes to be good practice in providing an assessment or 
justification of plant safety. 

Detailed guidance on environmental issues has been included as an Appendix. 

The contents of the OSD are the following: 

A: IDENTIFICATION 
B: APPLICABILITY 
C: INFORMATION RELATING TO THE INSTALLATION 

Cl: LOCAL INFORi'1ATION 
C2: SITE INFORMATION 
C3: INSTALLATION HISTORY 

D: INFORMATION RELATING TO THE MANAGEMENT SYSTEM 
Dl: STAFF INFORMATION 
D2: CONTROL SYSTEMS AUDIT 
D3: TRAINING AUDIT 

E: INFORMATION RELATING TO POTENTIAL MAJOR ACCIDENTS 
El: SUBSTANCE INFORMATION 
E2: HAZARD IDENTIFICATION 
E3: POTENTIAL ACCIDENT ASSESSMENT (for each potential accident) 

F: CONCLUSIONS 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
In Section E a set of forms is prepared for each dangerous substance identified as triggering 
a notification under the Seveso Directive. This set of forms allows the hAJrds associated 
with each substance to be identified, and the potential major accidents they can lead to to be 
analysed in depth. This ~n be repeated for each substance or done for the whole of the 
industrial activity at once. It can also be done for any other hazards not necessarily 
associated with Seveso Directive dangerous substances. 

Those parts of the Seveso L ircctive which set out the requirements of the safety notification 
are displayed in boxes in this guidance. This illustrates the minimal requirements to be 
corr.pliant with the Directive. More specifically, sections C3 and the whole of D are not 
required if compliance widt the Seveso Directive is the only aim. Furthermore !t is not 
necessary to provide any information on the likelihood of potential major accidents in Section 
E3. 

Format and Document Control System 

The basic information for the OSD is supplied by filling in a series of forms. There may 
also be relevant additional material in the form of maps. drawings, organisation charts, more 
detailed analyses or existing documents. These are drawn together to form small documents 
which are then compiled into the larger document. A standard way of indexing the 
supplementary information is provided. 

Each document has an issue number and a revision history. This enables changes made as 
a result of plant changes, improvements in technical knowledge and a need for fuller 
information to be absorbed in a controlled way. 

The documents are compiled into the complete OSD which itself has an issue number and 
a revision history and. in addition, a contents list. Provision has also been made for formal 
approval of each part of the document. 

Each form has a (more or less) standard front page which is now described; the remainder 
of each form depends \>n the information it contains. 

Each form has a header which shows: 
that it is pan of an OSD. 
an identification code, 
the name of the form. 
the industrial activity to which it refers, 
the page number, 
the number of the form if relevant. 
the issue number, 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
the issue date. 
other information as required for specific forms. 

Matters relevant to specific forms are described in the following sections of this guidance. 

Sequential issue numbers should be used tJ reflect modifications to the OSD. It is suggested 
that drafts are numbered Draft A, Draft B. etc, and that only approved issues of the OSD 
are assigned numerals. 

Each form except Form A begins with an attachment list which allows the user to reference 
any information which is part of the OSD but is not entered on the forms. Form A has a 
contents list instead, which allows the documents making up the OSD to be listed. (Further 
exceptions are forms C3 and D 1 which are simple compilations of one page fonns using a 
special header sheet.) 

The front page of each form contains a revision history table. This can be kept as a running 
record. As each new issue is made the date of issue is entered along with a brief comment 
reflecting the reason for. and narure of, the change made. Typically this would be either: 
that the nature of the industrial activity had changed in such a way that the OSD was 
significantly inaccurate; or that a routine update had been made, perhaps to reflect increases 
in the state of technical knowledge; or that significant improvements in the safety justification 
had been made. perhaps at the request of the competent authority (rt:gulator). 

Finally, the front page contains an area where the person responsible for the fonn can sign 
to signify his or her approval of the contents. 

The way in which the form is filled in is left to the discretion of the user. There are a 
essentially two options: 

... hand- or typewritten entries on the forms, with attachments for items where 
insufficient space is provided; 

... word processing of forms, in which case the spaces can be expanded (or contracted) 
to reflect the material inserted - this, however, can be tedious because of the complex 
header structure. which might be simplified. 

Which route is chosen, and the precise details will depend on the resources available to the 
assessor and no guidance is given here. 

Referenc~s 

[1] Seveso Directive, 82/501/EEC, (1982) OJ L230, p 1, as amended by 87/216/EEC, 
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The function of this Section is to identify the industrial activity to which the O~D refers. 
It also identifies the manufacrurer, site and the person responsible for preparing the OSD. 
Finally it contains information on the current status of the OSD: its contents and revision 
history. 

Industrial acci1ticy: 

Fill in the name of the activity to be considered. The OSD may refer to one or more 
industrial activities: nonnally only one would be considered at a time though it may be 
beneficial to include several related activities on the same site. The precise Seveso definition 
of industrial activities is given in the guidance on Section B. 

M.anufaccurer: 

According to the Seveso Directive. Anicle 1: 

Manufacturer means: 

any person in charge of an industrial activity. 

Following UK practice. a "person" may be an individual. a corporate body or a company. 
Nonnally it would be the operating company that is filled in here. together with its corporate 
address. 

Site: 

This identifies where the industrial activity is carried out. In what follows, in accordance 
with UK practice [2], "site" means the whole of an area of land under the control of the 
manufacrurer, including piers, jetties and similar strucrures, with a further definition for 
inland waters. 

Purpose of asse!sment: 

The safety repon is normally required to provide a justification of plant safety to the 
competent authority. However, in the Hungarian situation, the 1i1troduction of these methods 
is at an early stage. Therefore an assessment may be carried out for other reasons: by 
regulators or others to test the viability or utility of the methodology, or by operators for 
internal use. Therefore the purpose should be explicitly set out here. 
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Responsible Person: 

- -~ . . ·-

GUIDANCE NOTES I 

This is the person who is responsible for the OSD. His name, address and telephone number 
should be given- The person would depend on the purpose of the assessment set out above. 
For a safety justification it would be someone within the company with responsibility for 
safety documentation. 
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Industrial actil·icy meam: 

any operation carried out in an industrial installation referred co in Annex I 
involving, or possibly involving, one or more dangerous substances and 
capable of presenting major-accident hazards, and also transpert carried out 
within the establishment for internal reasons and the storage associated with 
this operation within the establishment, 

any oct-.er storage in accordance with the conditions specified in Annex II. 

Annex I [1] identifies various types of industrial installations. specified either in terms of 
their chemical or physical process. or the materials produced or being processed. Annex II 
contains a schedule of named substances and categories of substances and preparations which 
bring storage installations under the Directive. It is assumed that che assessor has access to 
these annexes. 

Inspection of these Annexes shows that industrial activities come under the lower tier 
arrangements if a process involves any dangerous substance or if storage involves more than 
a threshold amount. However the upper tier requirements (for a notification) come into play: 

if in an industrial activity as defined (see above), first indent, one or more of the 
dangerous substances listed in Annex III are involved, or it is recognised that they 
may be involved. in the quantities laid down in the said Annex. such as: 

substances stored or used in connection with the industrial activity concerned, 
products of manufacture. 
by-products. or 
residues 

or if. in an industrial activity as defined (see above}, second indent, one or more of 
the dangerous substances listed in Annex II are stored in the quantities laid down in 
the second column of the same Annex. 

Thus a no!ification is required for processes if the amounts in Annex III are exceeded and 
for storage if the amounts in the final column of Annex II are exceeded. 

The precise means of calculation in the case of storage are somewhat complicated. Good 
guidance is given in the HSE document on CIMAH [2], in the initial introductory chapter, 
and in the commentary on the relevant schedules. We shall not repeat this here since the 
main use of the OSD is likely to be for process installations initially. Annex II also refers 
to the EC Directives on the classification, packaging and labelling of dangerous substances. 
If the equivalent has been implemented in Hungary. the existing system can be used. If not 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
it will be necessary to refer to these directives. or to some national implementation of them. 
[5] for example. 

Is che induscrial acciiicy carried our in an industrial insrallalion refe"ed co in Annex I and 
inm/\ing one or more of che s'.lbsrances lisred in Anna III? 

If the answer is "yes". then it is process activity and you should go straight to the next table, 
if "no" answer the next question. 

Does the induscrial accivity in .... olve scorage of one or more of the subsrances and prepararions 
in Annex II? 

If the answer is "no" omit the next table, if "yes" then it is a storage activity and you should 
fill it in. 

Substances listed in Annex II and Anne.t III 

Depending on whether this is a process or storage activity fill in the Annex III or Annex II 
substance names, followed by the stage of the activity they are involved in and the quantities. 
This is to fulfil the Seveso Directive Article 5 requirement that the notification should 
include: 

The stage of the activity in which the substances are involved or may be involved and 
the quantity torder of magnitude) 

The maximum quantity of each dangerous substance liable to be involved in and associated 
with the activity should be given. 

At this stage it is necessary to decide if further analysis of any of the substances is necessary. 
This depends on the purpose of the assessment, but is very likely to be the case if the 
amounts exceed the amounts in Annex III if it is a process activity, or if they exceed the 
amounts in the final column of Annex II if it is a storage activity. However it would also 
be advisable if the amounts are close to the thresholds, or if the OSD is to serve a lower tier 
purpose (in which case for storage activities the amounts in the middle column of Annex II 
might be relevant). For the initial trials it is recommended that the Seveso Directive amounts 
are used. 

The decision should be entered as "yes" or "no'' in the final column of the table. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Other dangerous substances 

The substanees in Annex II and m do not form a complete list when environmental major 
accidents are the concern. and in any case one of the Anicle 5 requirements is the 
identification of 

if necessary. other dangerous substances whose presence could have an effect on the 
potential hazard presented by the industrial activity. 

Thus this table provides the opporrunity to consider whether any other substances should be 
mentioned. In respect of environmental major accidents the EC has prepared a "Black List" 
of 1:!9 chemicals and this can be consulted [3]. It is recommended that the presence and 
quantity of any Black List chemical be noted. 

Once again the decision can then be made as to whether the substances should be analysed 
further. There are no guidance quantities for Black List chemicals and the assessment must 
be made or. the basis of the credibility of an environmental major accident. and the proximity 
of environmrntal targets - see Section C. 

Does chis information include all quantities of dangerous substances in any group of 
installmions belonging to the manufacturer · .. 'hich are within 500 metres of each other? 

Does this infomu:uion include all quantities of dangerous substances in any group of 
installations belonging co !lze manufacturer where the distance is not sufficient to avoid, in 
foreseeable circumstances, any aggravation uf major accident hazards? 

These questions reflect the following requirement within the Seveso Directive, Article 5: 

In the case of industrial activities for which the quantities, by substance, laid down in 
Annex II or III, as appropriate, are exceeded in a group of installations belonging to 
the same manufacturer which are less than 500 meters apan, the Member States shall 
take the necessary steps to ensure that the manufacturer supplies the amount of 
information required for the notification ... having regard to the fact that the 
installations are a short distance apan and that any major accident hazards may 
therefore be aggravated. 

This is expanded on in Annexes II and III. 

If the answer to either of these two questions is "no", the problem will need to be addressed 
in Section F, the conclusions. If only pan of the site is covered in an assessment, then a 
"no" answer is inevitable. This need not be a serious problem since interactions between 
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C: L'TORMATIOX RELATI'iG TO THE INSTALLATION 

The purpose of this Section is to collate all information relating to the installation and its 
locality which is needed to present the safety assessment. 

It is provided in three parts: 

Cl: LOCAL INFORMATION 

This information includes the location of the surrounding population and environmental 
targets. the off-site emergency plans and the information provided to local residents 
concerning the industrial activity and its major hazard potential. 

C2: SITE INFOR.\.IA TION 

This information includes the layout on-site, the details of the activity, and the measures 
taken co prevent. control and mitigate incidents, including the on-site emergency plan. 

C3: INSTALLATION HISTORY 

This information relates to accidents. near misses. reliability problems and management 
failures which have been experienced. 

No specific form is used to collate the results of Section C. 
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Cl: LOCAL L'"'FOR.'\IATION FORM 

The purpose of this form is to collect all the information which is relevant to the safety of 
c.Jie activity which refers not to the site itself. but to its surroundings. This breaks into three 
areas: factors relevant to potential major accidents, the off-site em\!rgency plan and the 
information which is required to be provided to the public. 

Factors Relevant to Major Accidents 

Taking the first area. within the Seveso Directive, Article 5 this covers: 

Geographical location of the installations and predominant meteorological conditions 
and sources of danger arising from the location of the site 

Is a geographical map of the location attached? 

In what respects is information missing? 

A map is necessary to show where the installation is located and its relationship to local 
features. It is also a convenient way of presenting large amounts of information. The 
following questions are based on the HSE's CIMAH guidance. The map should show: 

residential areas 

premises where evacuation would prove difficult, such as schools, hospitals and 
prisons: 

industrial premises; 

other hazardous installations; 

transport features, for example major roads, railways, ports and airports; 

recreational areas; 

geological features and vulnerable features of the environment, for example 
reservoirs. aquifers, rivers. lakes, marine environments, agricultural land, sites of 
~pecial scientific interest. other scarce or intermediate habitats; 

features of the man-made environment such as buildings of special historical or 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
architectural imerest. ancient monuments, sites of archaeological imponance and 
conservation areas; 

use of land or water in the vicinity of the industrial activity and also the location of 
the people who may be affected in the event of a major accident. 

Many of the sources of information for this will relate to specific Hungarian conditions. The 
particular aspects of environmental targets are enlarged on in Section E2, dealing with the 
identification of potential major accidents. The table there provides a useful checklist. 

The map should be to scale and up-to-date. and cover the area around the site as well as the 
site itself. The distance to which the map should extend will depend on the narure of the 
hazard. Some information about the hazard radii is given on Form E3 It should be 
remembered that in addition to identifying key features at risk from the installation. the map 
should also clearly indicate any external features which may impinge on the safety of the site 
such as nearby industry or transport systems. 

Predominant meteorological conditions: 

Ideally this information should show a wind rose. and also give a breakdown of weather 
stability category and wind speed. The routine availability of this information in Hungary 
is unknown. Further work on this would be useful. 

Off-site Emergency Plan 

Is there an off-site emergency plan for the installation? 

Name and address of person responsible for maintaining the plan: 

Brief description of the plan: 

Article 7 of the Seveso Directive states, among other things: 

The Member States shall set up or appoint the competent authority or authorities who, 
account being taken of the responsibility of the manufacturer, are responsible for ... 
ensuring that an emergency plan is drawn up for action outside the establishment in 
respect of whom (sic) industrial activity notification has been given. 

When potential major accidents are considered, the details of the plan will be useful in 
establishing whether an adequate response is planned. Therefore a brief survey of what 
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accidents are covered in the plan and the outline response should be provided. 

Specify the areas in which the emergency plan appears to be deficient: 

In panicular, in the light of HSE guidance [2], the following should be set out in the 
emergency plan: 

the types of hann to people or the environment to be taken into account; 

organisations involved including key personnel and responsibilities and liaison 
arrangem!nts between them: 

communication links. including telephones, radios and standby methods: 

special equipment including fire-fighting materials, damage control and repair items; 

technical information such as chemical and physical characteristics and dangers of the 
substances and plant; 

information about the site including likely locations of dangerous substances, 
personnel and emergency control rooms; 

evacuation arrangements; 

contacts and arrangements for obtaining funher advice and assistance, for example, 
meteorological information, transpon, temporary food and accommodation, first aid 
and hospital senices, water and agriculrural authorities; 

arrangements for dealing with the press and other media interests; 

longer term clean-up. 

More detailed guidance on the practical aspects of off-site emergency planni.1g is given in 
[6]. 

Is the plan up-to-date? 

Clearly it is important that the emergency plan should reflect the hazards which the activity 
currently gives rise to and that it talces account of the latest state of technical knowledge. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Information to the Public 

Is information supplied to the public? 

Anicle 8 of the Seveso Directive states: 

Member States shall ensure that inf orrnation on safety measures and on the correct 
behaviour to adopt in the case of an accident is supplied in an appropriate manner, 
and without their having to request it, to persons liable to be affected by a major 
accident originating in a notified industrial activity . . . The information shall be 
repeated and updated at appropriate intervals. It shall also be made publicly available. 

Such information shall contain that laid down in Annex VII. 

How, and to whom is it supplied? 

Typical distribution means would include display in public buildings and local workplaces, 
and by post to all local residents, local authorities and to managers of schools, hospitals, 
prisons, workplaces and so on. 

The further questions asked on the form set out what the Directive requires, as specified on 
Annex VII. Example guidance on possible contents of this information are provided in the 
HSE guidance on CIMAH ([2], guidance on Schedule 8). 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
C2: SITE ll'crOR.\IATION FORM 

This section collects together the necessary information concerning the industrial activity on 
the site itself. This is where the process itself is described, and the safety fearures for the 
prevention, control and mitigation of incidents identified. Information about the on-site 
emergency plan is also collected. 

Within the Seveso Directive itself, the information required under Article 5 includes: 

Maximum number of persons working on the site of the establishment 

General description of the technological process 

A description of the sections of the establishment which are important from the safety 
point of view 

The arrangements made to ensure that the technical means necessary for the safe 
operation of plant and to deal with any malfunctions that arise are available at all 
times 

Emergency plans, including safety equipment, alarm systems and resources available 
for use inside the establishments in dealing with a major accident 

The names of the person and his deputies or the qualified body responsible for safety 
and authorised to set the emergency plans in motion and to alen the competent 
authorities 

Site and Process Description 

Is a site plan attached? 

In what respects is infonnation missing? 

The scale plan of the site should show: 

both in location and quantity, the main contributors to the total inventory of the 
dangerous substances; 

other quantities of dangerous substances, such as amounts in pipework; 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
significant centres of on-site employment which may be at risk; 

features of the site which may impinge on the safety of the installation or escalate a 
major hazard, for instanee loading and unloading areas have a relatively high risk: 

mitigatory features such as water catchment and treatment works. 

I Maximum number of persons on site: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
T 

Number of" permanent employees: 
contractors: 
temporary staff: 
visitors: 

This should include employees. visitors, including delivery staff, clients, and contractors. 
Account should be taken of the number of people who may be present at shift changeover 
times and of employees such as sales staff and drivers who may only be present 
intennittently. Exact numbers are not required. 

Describe the industrial activity: 

The description, which should enable a clear understanding of the activity to be achieved, 
will be very dependent on the complexity and novelty of the activity. It is nonnally useful 
for the description to include: 

plant diagram showing significant features concerning the potential for a major 
accident and its prevention and control. It should show storage facilities, process 
vessels, significant connections, safety features and instrumentation; 

process flow mass balances; 

references to standard industry guidance where appropriate (for example guidance 
exists in the UK on dealing with LPG [7] and chlorine [8]); 

conditions under which substances are nonnally held, including physical state, 
pressure and temperature at various stages of storage and process; 

details of designed maximum working capacities, temperatures and pressures; 

main safety parameters and how they are controlled: 

measures taken to prevent accidents - mainly relating to the management of the 

I issue 1 ~ 1993 AEA Technology Page 21 

\ 



------- ----- - ' -- -·---- ---- .· 
.~ . 
' 

' -

' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
T 

I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
design, construction, operation, inspection and maintenance and security, where this 
infonnation is not provided in Section D: 

measures taken to control incidents - this is the designed-in means of intervention, 
including safety relief valves, standby suppon, redundancy in provision of services, 
safety hardware (for example dump tanks, cooling sprays, venting to scrubbing 
systems or flare stacks) manual or automatic shut-down procedures; 

measures taken to mitigate the effects of accidents - including safety refuges for 
persormel, water cunains, foam blankets. bunding, water treatment plants, emergency 
services. 

Some information concerning the propenies of dangerous substances may more conveniently 
be provided on Form E 1. 

Main items of safety critical equipment, their location and arrangements for ensuring their 
availability: 

This list should follow from the description given previously and will provide a focus for 
examining the safety management. It is likely to be developed iteratively with the hazard 
identification. The list should also. where relevant, describe the measures taken to ensure 
they are available at all times. 

On-site Emergency Plan 

Is there an on-site emergency plan? 

Brief description of emergency plan: 

Specify the areas in which the emergency plan appears to be deficient: 

Features to be attended to in the on-site emergency plan include: 

the types of accident to people or the environment to be taken into account; 

means of identifying the emergency; 

alening essential persons both on and off the site; 

the roles of key persormel; 
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I 
access for emergency services; 

I 
t . 

the provision of appropriate supplies of adequate fire-fighting media; ) 
t 
-~ 

I the remote siting of emergency control points; 

the movement to a safe place of non-essential site personnel; 

I the control of fire-water run off where the environment may be at risk; 

I key personnel and responsibilities, including the person responsible for safety on the 
site and the names of the people authorised to set the plans in action; -

I communication links, including telephones, radios and standby methods; 

I 
special equipment including fire-fighting materials, damage control and repair items; 

technical information such as chemical and physical characteristics and dangers of the 
·' substances and plant: .. 

I 
evacuation arrangements; 

'\ 

I arrangements for dealing with the press and other media interests; 

.~ I longer term clean-up. 

'~ ~ Name of the person(s) and their deputies authorised to activate the plan and alen the 

I competent authority: 
\ 

This should be included as an important pan of the safety management arrangements, though 

I the information may be repeated in Section D if this section is supplied. 

Is the plan up-to-date? 

I Are affected people, including cu . ..,tractors and visitors, informed of its provisions? 

I Is the plan rested? 

I 
(Note this is not a requirement of the Seveso Directive, but might become so in the future.) 

All these questions are relevant to the effectiveness of the emergency plans. 
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Are the off- and on-site emergency plans consistent? 

Clearly it is imponant that this should be the case. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
CJ: ~ST ALLATION HISTORY FO&.'\I 

This material is required neither by the Seveso Directive nor CIMAH, but provides useful 
information relating to the reliability of systems, the frequency and causes of incidents and 
the quality of the safety management. It may also provide information about the site's 
environmental liabilities, though this not the main purpose. 

The information required here is set out on a simple one-page form. For this reason. rather 
than apply the full document control to each form. a special header sheet, C3/H, is supplied 
to collate all the installation history forms. This combines all the C3 forms into one 
document. 

Overview of Installation History Search 

This part of the C3/H form is provided to allow the analyst to describe the search which has 
been undertaken to list the plant incidents. The remaining data items are filled in for each 
C3 form filled in. The information can be collected from records of maintenance. logbooks, 
reports of incidents. and so on. and can also be gained from interviews with plant staff. It 
is often possible to form a good picture of plant history from a number of interviews. 

Source: 

Date information collected: 

This information shows how the information was collected (with appropriate reference to 
C3/H) and will be valuable in establishing its credibility, and for cross checking if necessary. 

Does documentation exist? 

Again this useful for checking purposes. Incident reports and the like should be referenced. 

Date or period of incident: 

For isolated incidents or accidents, the appropriate data should be given. An attempt should 
also be made to identify the period over which experience has been gained of similar 
incidents. This is essential in estimating the frequency of events. 

Description of incident: 

This should give a basic description of the incident sufficient to enable the reader to 
understand what has happened and its significance. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Cause of incident: 

If this can be identified. 

Type and category of incident: 

Incidents can be categorised in various ways - suggested categories are: 

plant failures (reliability problems) 
structural failures 
corrosion failures 
operator errors 
management failures 
fires 
explosions 
losses of containment 
pollution 
personal injury I death 

Potential safety implications (on- and off-site): 

Potential environmental implications: 

These two pieces of information are important to establish past near misses which could have 
escalated into major accidents. 

Action taken: 

This not only provides information about the likelihood of the incident happening again but 
also about whether the management is learning from past experience. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
D: I'irORMATION RELATING TO THE MA.i.~AGEME:NT SYSTEM 

The purpose of this chapter is to determine the quality and completeness of the management 
of safety at the plant. Risks are normally estimated assuming a good standard of safety 
management. Without this the risk posed by the plant can be much higher. Therefore the 
information collected here can in principle feed through into estimates of the likelihood of 
major accidents. 

This inf om1ation is not required by the Seveso Directive at present. though some mandatory 
items more relevant to safety management have been included in other sections. This allows 
Section D (and Section E3) to be ignored if compliance with the Directive is all that is 
required. However. it is expected that more focus will be given to this in future for the 
reasons mentioned. and it is incorporated at present into CIMAH regulations and is expanded 
on in the CIMAH Regulations and guidance. 

Accordingly, this Section is broken into three parts. The first pan. Dl. covers the staffing 
arrangements to the extent that they are relevant to safety. The next pan. 02. deals with the 
control systems which need to be in place for the safe management of the plant. These 
include the engineering control systems. the operational control systems and the material 
control systems. The third pan. 03, deals with the training requirements. This structure 
mirrors that in the CIMAH regulations, though the details of each section differ in detail. 

Information Relating to Stafrmg 

This section of the OSD must demonstrate that there are adequate organisational 
arrangements for managing safety. This includes the proper definition of line management 
responsibilities, as well as responsibilities for initiating emergency plans, and the provision 
of backup to these functions. 

Prcvide an organisation chan for the management of the industrial activity: 

The chan should show how responsibility for the safety of the operation is accepted in a 
chain stretching back up to the senior management of the manufacturer, off-site if 
appropriate. The chan should be drawn up in terms of job titles or posts. However, the 
name of the person currently occupying each post should be shown. The chan should show 
the safety technical suppon available to each person in the management chain, again 
including off-site suppon. Form 01 should be completed for each relevant post shown on 
the organisation chan, including those associated with providing technical services. 

Again since Dl is a simple one-page form a special header sheet, Dl/H, has been provided 
for compilation purposes. 

I 1ssuE 1 ~ 1993 AEA Technology Page 21 j 

\ 

l . ' 

,, 



-

.. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

---'---~---- - - -- - ---.--"""""-------- . ----- --
. •1"..:i=» -=--. 

I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Whal are the a"angements for activating on-site emergency plans? 

If this is not shown in the above information a full description should be given here, 
including Form 01 for the relevant persons. This is likely to expand on the basic 
arrangements described in Section C2. 

What are the arrangements for activating off-site emergency plans. 

If this is not shown in the above information a full description should be given here, 
including form 01 for the relevant persons. 

Information relating to control systems 

Provide a summary of the control systems used to achieve engineering control, operational 
control and control of materials, highlighting their inadequacies: 

The audit contained on Form 02 should be completed and a summary presented here. 

The audit questionnaire which has been compiled in this area should be capable of being 
completed within a day or two, so as to provide an overview of the quality of safety 
management applied to the activity. However it is not complete. Full, thorough safety 
audits are considerably more extensive that the questionnaire presented here, but such an 
audit would be much broader than required for the present purpose. It is likely that some 
training and experience will be required to complete the audit effectively. 

When the questionnaire has been completed, an audit report should be written up in a way 
which summarises the findings of the audit, recording in particular those areas which are 
weak. This is the main output of the audit and is what should be presented above. It 
represents the specific information that can be used t:> assess the risk presented by the plant 
in the light of the safety management regime. 

Information relating to training 

Provide a summary of the arrangements (and their inadequacies) whkh are in place to ensure 
all staff receive appropriate training for the safety aspects of their jobs: 

Again an audit questionnaire is provided (Form 03) and when this has been completed, a 
summary should be provided for inclusion here. It should outline the main features of the 
training system and the main weaknesses shown up by the audit. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Dl: STAFF Th'FOR.'\IA TION FORl\t 

Form D 1 should be completed for each relevant post shown on the organisation chan, 
including those associated with providing technical services. If more appropriate, particularly 
for services outside the line management chain, the form can be completed for an 
organisation. Because it is a single page form it does not have its own supplementary 
information and revision history tables. Instead a special header form D 1/H is provided for 
this purpose. 

The form should also be completed in respect of those persons with responsibility for 
initiating on-site emergency plans, and for informing local authorities in the event of an off
site emergency, if this information has not been previously given. 

Job title: 

Name of cu"ent job-holder: 

Reports to (job title): 

As in the organisation chart given previously. 

Deputising a"angements: 

The arrangements for appointing competent substitutes during periods of absence should be 
described. 

Safety responsibilities: 

This should include all safety-related responsibilities of the post, but focus particularly on 
those which are relevant to the prevention, control and mitigation of major accidents. If the 
job-holder has responsibilities for initiating emergency plans, or for off-site communications, 
this should also be described. 

Safety-related decision-making: 

The nature of the decisions to be made should be stated, and a comment inserted on the time 
constraints, and how these are met, including the case of deputisation. 

Qualifications and training: 

This includes all formal qualifications and training which are required to carry out the safety
related functions of the post. 
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OUTLINE SAFETY DOCUMENT GUIDANCE NOTES 

Etperience: 

This should cover all the practical experience (also known as on-the-job training) which is 
required to carry out the safety-related functions of the post. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
D2: CONTROL SYSTEMS AUDIT FORM 

An audit questionnaire has been compiled to deal with the three main areas of the safety 
management system. 

The first is engineering control with the objective: 

to ensure that safety is considered at all stages of design modification and installation 
and that any engineering controls are provided to ensure that safety devices are 
suitably maintained and managed. 

This addresses the requirement to consider safety at identified stages of the design and 
installation process. Consideration should be given to quality assurance of the design process 
and the provision and maintenance of engineered controls to minimise hazards. 

It is important to establish how management ensure that adequate design and engineering 
controls exist to control the following activities safely: 

Routine and breakdown maintenance. 
Plant or process modifications, and changes to procedures 
Design, construction and commissioning of new plant. 
Work carried out by contractors. 
Setting and maintenance of safety mechanisms. 

The second area is operations and emergencies with the objective: 

to ensure that all safety related work and operations carried out by personnel are 
regulated to minimise the occurrence of unplanned events. 

This addresses the need for written operational procedures and determines who is responsible 
for producing, reviewing and updating each procedure. Assessment is also made of what 
measures are taken to ensure that uncontrolled copies or out-dated procedures are taken out 
of circulation and destroyed. 

The procedures to be covered are not only those designed to prevent major or "life 
threatening" events, but also those events which could result in significant financial penalties, 
due to the loss or reduction of output, faults leading to sub-standard products, etc. The detail 
of the implementation arrangements will be covered. 

The third, and final control area is control of material with the objective: 

to ensure that all material which is stored or moved around is safely controlled by 
responsible and authorised persons. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NO~ 

This addresses control of material and the arrangements which have been implemented to 
ensure safety. The duties of persons responsible for handling. storage and movement will 
be considered together with methods of monitoring the safety performance of these functions. 

This will also address security sillC! there is a need to prevent unauthorised persons having 
access to hazardous materials or the plant in which they are processed. 

No detailed guidance is given on the audit form. Advice on carrying out safety audits is 
beyond the scope of this methodology. but enough is provided in the questions to help 
someone with good knowledge of safety practice to provide a picture of the completeness 
and, particularly. the effectiveness of the system suffic.ient for the purposes here. However. 
some experience and/or training would be useful in making best use of the form. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
D3: TRATilllNG AL'DIT FOR.\I 

The objective here is: 

to ensure that all staff with safety related responsibilities receive adequate training and 
that records of all training are maintained. 

Thus an audit questionnaire has been devised which addresses the methods by which 
appropriate training is received before assuming safety duties. Methods used to identify the 
training needs of staff and the effectiveness of the training are covered. Updating and 
maintaining records is discussed and persons who control and supervise the training 
arrangements identified. Training requirements will vary with the individual post but 
evidence of a management policy to establish and satisfy those requirements should be 
sought. 

The extent to which staff who are responsible for safety have been formally trained in safety 
management should be established. The training could have been conducted either by 
qualified in-house personnel, or a suitable ourside agency . 

Again similar comments apply to the completion of the audit form as in the case of the 
control systems. The reason for separate audits is to mirror HSE recommendations for 
describing safety management provisions [2]. 
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E: L''FOR.\IATIO:S RELAT~G TO POTE~IIAL MAJOR ACCIDE~IS 

The purpose of this chapter is to provide details of the potential major accidents which may 
arise from the industrial activity and to show how they are controlled. 

Anicle 5 of the Seveso Directive requires the foilowing to be included in the notification to 
be sent to the i::ompetent authority: 

The sources of hazard and the conditions under which a major accident could occur, 
together with a description of the preventative measures planned 

Any information necessary to the competent authorities to enable them to prepare 
emergency plans for use outside the establishment 

Maximum number of persons working on the site of the establishment and panicularly I of those exposed co the hazard 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

This is the area where there are the greatest differences in the implementation of the Seveso 
Directive. In the l;l( the guidance on the CIMAH Regulations mentions the use of estimates 
of likelihood as well as consequence and this introduces the idea of a risk assessment. though 
not necessarily quantified risk assessment (QRA). In the Netherlands QRA is mandatory. 
whilst in Germany no measure of likelihood at all is required. 

The approach taken in the OSD is close to the UK approach in that some estimate of 
likelihood is required. However, quantification of risk will be recolIUllended only for those 
hazards which are most severe. Otherwise qualitative or semi-quantitative approaches will 
be recolillllended. 

Section E is structured in the following way. First Form E is used to collect data on the 
assessment methods used. Then a series of fonns is used to collect details of the hazards: 

information relating to the substance - Form El; 

hazards identified as arising from the substance and those which are potential major 
accidents - Form E2: 

for each potential major accident identified as being associated with the substance, a 
detailed assessment on Form E3 - quantitative if required. 

Originally a separate independent document was drawn up for each dangerous substance, 
incorporating all of the forms. However this turned out co be unnecessarily complicated and 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
the approach currently recommended is to compile a single set of El, E2 and E3 forms. 

This arrangement is capable of dealing with concerns other than major accidents, for example 
relating co the management of worker safety, thought this is not the main purpose of the 
OSD. 

Each of forms El-3 is described within its own section. We conclude this section of the 
guidance with Form E, the assessment methods form. 

Assessment :\lethods Form 

The purpose of this form is to collect together information on all the assessment methods 
used. 

Oven1iew of Ha:.ard Assessment 

This will give an overview of the nature and level of detail of the assessment. It will also 
demonstrate that consistent methods are being used. 

Jf et hods List 

This table is used to list the methods used in the assessment, particularly on Form E3. but 
also in other areas such as hazard identification (E2). 

The method should be entered on the table, together with a code to indicate the stage of the 
assessment at which it is used. The following code is suggested: 

HID - hazard identification 
UK - likelihood, or frequency 
CON- consequence 
RSK - risk calculations 

Following this the nature of the method is inserted - hand calculation, structured meeting, 
computer software - and in the final column further remarks are added. This may include 
references to the method, an indication of why it was chosen. and so on. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Categorisation scheme: likelihood 

Categorisation scheme: hann to man 

Categorisation scheme: hann to the environment 

The way in which these categorisation schemes should be developed is fully described in the 
guidance on Form E3 where they are used. They are recorded on this form since they are 
general across the whole of the assessment. (It is also an option to use such a scheme on 
Form El.) 
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El: Sli"BSTA.~CE L'rOR.\IATIO~ FOR.1\I 

The purpose of this section is to supply the infonnation which enables substances to be 
identified and their hazardous propenies recorded. One of these fonns should be completed 
for each substance identified in Section B as requiring study. 

The information required by the Seveso Directive (Anicle 5 and Annex V) is: 

Chemical name 
Empirical formula 
Composition of the substance 
Detection and determination methods available to the installation 
Methods and precautions laid down by the manufacturer in connection with 
handling, storage and fire 
Emergency measures laid down by the manufacturer in the event of accidental 
dispersion 
:\lethods available to the manufacturer for rendering the substance harmless 
Brief indication of hazards 

Immediate hazards for man 
Delayed hazards for man: 
Immediate hazards for the environment: 
Delayed hazards for the environment: 

Chemical and/or physicai behaviour under normal conditions of use during the I 
process I 
Forms in which the substances may occur or into which they may be ~ 
transformed in case of abnormal conditions which can be foreseen 
~====== 

~uch of the information requested on this form may be supplied in the site descriptive 
material. C2. If so it need not be repeated here. 

Identification, Composition and Handling of the Substance 

Substance identity: 

Provide the chemical name. CAS number, name according to the IUFAC nomenclature. and 
other names. Also enter the empirical formula. Although all the above information is 
requested by the Seveso Directive, the purpose is unique identification of the dangerous 
substance. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Degree of purity of the substance: 

Enter the degree of purity and main impurities in the table. What is required here is 
information about diluents or impurities which might have a significant effect on the hazards 
the substam:e causes. It is not necessary to list the minor components of mixtures being 
processed where these do n.Jt have a significant effect on the potential hazard. For this 
purpose it is convenient to consider substances which can react with the dangerous substance 
using data such as that in [32] 

Detection and decenninarion methods available to che installation: 

Description of the methods used or references to the scientific literature. 

.\I etlzods and precautions laid down by the manufaccurer in connection with handling, scorage 
and fire: 

Emergency measures laid down by the manufacturer in the event of accidental dispersion: 

."Jethods available co render the substance harmless: 

These Seveso Directive requirements are likely to have been described already in connection 
with the on-site emergency plan. Presumably it is for this reason that the HSE guidance (2] 
does not mention these requirements explicitly. Any relevant information not previously 
mentioned should be supplied: if it has been given previously an appropriate reference should 
be provided. 

Brief Indication of Hazards 

Immediate ha:.ards for man: 

Delayed ha:.ards for man: 

lmmediace hazards for rhe en .... ironmenc: 

Delayed ha:.ards for che en .... ironmenc: 

Information about the hazards which may be created by the dangerous substance should 
include a consideration of the substance in its normal state as well as any changes brought 
about by potentially hazardous events including combustion or contact with water. The route 
of the hann to people should be described (for example skin contact, inhalation. or ingestion 
for toxic substances and flame contact, thermal radiation. blast or flying debris for flammable 
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I OUTLINE SAFETY DOCUMENT GU!DANCE NOTES I 
or explosive substances). The dose-response relationship should be given where known, 
citing standard published references where appropriate. Indirect routes such as risk to health 
by contamination of foodstuffs or drinking water supplies should also be addressed. 

In considering environmental hazards it is necessary to consider the relevant properties of the 
dangerous substance in tenns of the environmental targets identified in C 1. A completely 
general approach for each substance would not be useful. The routes to the target should be 
identified and the effect on it. The relevant properties would include persistence in aqueous 
or terrestrial environments. 

Beha,iour of the Substance 

Chemical and/or physical behaviour under normal conditions of use during rlze process: 

Forms in which rhe substalices may occur or into H;hich rhey may be transfonned in case of 
abnormal conditions which can be foreseen: 

Again these Seveso Directive requh--ements are likely to have been described already in 
connection with the plant description. (And again the HSE guidance [2] does not mention 
these requirements explicitly.) Any relevant information not previously mentioned should 
be supplied: and if it has been. it should be referenced. 
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E2: IDE:\1IFICATION OF HAZARDS FOR."\l 

The output of this section is a list of the hazards arising from the industrial activity. It will 
include the cause of the hazards and will also investigate the potential consequences if the 
hazard is realised. including potential major accidents. If a hazard is identified as having the 
potential to lead to a major accident it is analysed further using the accident assessment form. 
Form E3. The opportunity to identify hazards for each dangerous substance separately is 
available, but experience shows this is probably not the most effective way of proceeding. 

In general a hazard identification technique will reveal many hazards. not all of which have 
the potential to cause a major accident. Thus the output of this exercise may also be useful 
in other contexts, such as providing an assessment of the risk to workers. (Such as an 
assessment is now required in the UK following implementation of the Management of Safety 
at Work Regulations which were required as a result of recent EC Directives not related to 
the Seveso Directive [ 10].) 

Hazard Listing 

It is recommended that a high-level HAZOP (or HAZOP I) technique is used to identify 
hazards. This differs from the usual HAZOP II technique [9] in that it considers the plant 
at a less detailed level. and without examination of the detailed process parameters. A 
HAZOP study is undertaken by a multi-disciplinary team. chosen for their specialist 
knowledge of the process. the installation and its potential hazards. It is a simple, structured 
procedure used for the identification of plant hazard and operability problems through 
examination of either flow-sheets. flow diagrams, plant layouts or operating instructions. 

The team typically numbers six people. As well as the chairman. who is skilled in the 
technique. but independent of the installation, and possibly a secretary who records the 
HAZOP session. it may contain a designer, an operator, a maintenance engineer, a safety 
expert, or an environmental expert, depending on the purpose and scope of the study. The 
composition may change during the session. 

Systematic questioning of the plant and processes is performed by applying a list of keywords 
to each plant item. sub-system or system as appropriate. The key words might include items 
from the following table: 
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Toxic release, Equipment failure (vessels, Strucrural failure, 
Fire. pipes, valves, protection Dropped loads, 
Explosion. systems. control systems). Noise. 
Corrosion I erosion Operator error (itemise Emergency services. 
Maintenance, tasks), Natural features. 
Effluents, External hazards Transport (access road, 
Ventilation. (earthquake, subsidence) railways, loss of supplies, 
Loss of services. Extreme weather loss of exports), 
Impact (vehicle. aircraft, (lightning, Pipework, 
missile) storm. "Other hazards" 
Escalation. wind. flooding) 
Sabotage. 
Communications 

It is not recommended that all these keywords be used in every study: selections should be 
made to reflect the particular concerns at the site and activity. In particular, the chainnan 
and secretary should familiarise themselves with the environmental targets around the plant 
(see Appendix) in order to be able to raise possible issues which might otherwise be 
neglected during the session due to lack of familiarity of the remainder of the team with 
environmental hazards if no environmental specialist is present. 

These keywords are then used as prompts to rl-te team to identify possible causes of the 
keyword hazard. The information provided in C2 describing the process will also be useful 
in identifying hazards. 

For each keyword, the team identifies any event which might cause the hazard it implies. 
The causes are entered on the table, and the possible mechanisms for prevention, control and 
mitigation are identified, and entered in the safeguards column. Emergency plans - on- or 
off-site would not nonnally be included here. The consequences of the hazards if the 
safeguards fail are then entered in a descriptive manner. 

A remarks column is not included, though this would be useful to allow the team to enter any 
comments or items for further action. This is normally a very important part of a HAZOP 
report. but may be only of marginal interest for the main purposes of the OSD. If necessary 
remarks can be appended to the form. 

The hazard identification may be augmented by information derived from the history of the 
plant (Fonn C3) or that of other plants. Accident databases ma} also be useful in identifying 
the potential major accidents which might result from the activity (see [33] for example). 

The format of the identification of hazards table is very close to standard HAZOP 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
worksheets; it will be acceptable to provide HAZOP worksheets if they contain the required 
information. These may be used to itemise any comments or remarks, as noted above. 
Experience shows that the results inspections and HAZOP sessions can conveniently be 
summarised in such a tabular form. though the table provided is not large enough to contain 
all the data. 

Finally, whatever method is used for the identification of the hazards, it should be marked 
up on Form E. 

I Categorised Risk Assessment 
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At this stage it is possible. and very useful. for the assessor to carry out a first risk 
assessment using the categorisation techniques described under Form E3. It is often possible 
to make a judgemental assessment of the likelihoods and consequences, thought this is aided 
by experience. 

Consequently this is optional at this stage and may also be included in the final risk 
assessment in the conclusions section, Form F. 

Potential :\lajor Accidents 

The final column of the table records the judgement of the study team or the assessor as to 
whether the hazard is a potential major accident. In the Seveso Directive the following 
definition is given: 

Major accident means: 

an occurrence such as a major emission, fire or explosion resulting from 
uncontrolled developments in the course of an industrial activity, leading to a 
serious danger to man, immediate or delayed, inside or outside the 
establishment, and/or to the environment, and involving one or more 
dangerous substances 

It should be noted that uncontrolled developments may arise not only from failures on the 
site but also due to threats from off-site, such as aircraft crashes, or flooding. 

Serious danger to people means a risk of death, physical injury or harm to health. The effect 
may be immediate or delayed. Note that the definition only requires serious danger to be 
present; it does not require actual harm to people. Major accidents may arise from amounts 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
of dangerous substances much less than the thresholds set in Annexes II and III, and 
accidents giving rise to indirect potential for hann such as through contamination of a 
drinking water or food supply. Thus the decision as to whether a hazard can cause a major 
accident must take account of the local and site infonnation provided in Section C. 

A major accident will also have taken place if there has been serious danger to the 
environment. The Appendix provides guidance on the measures of hann which have been 
suggested as appropriate in the UK for use under CIMAH [3]. 

It can be seen that guidance on environmental major accidents is much more extensive than 
those that hann man. This because of the much greater range of targets and effects. The 
development of environmental risk assessment is still in its infancy - that is why the 
inf onnation is contained in the Appendix - and it is very much up to the judgement of the 
analyst as to whether a hazard should be classified as a potential major accident - whether 
human or environmental. The reasons underlying the judgement should be recorded. 
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E3: POTE~'TIAL ACCIDE~'T ASSESSME~I FOR.\I 

The purpose of this form is to provide the necessary information concerning those hazards 
which have been previously identified as having the potential to lead to a major accident. 

This form is completed for all such hazards in the previous section. The form is split into 
four parts: description of the accident; estimates of likelihood; estimates of consequence; and 
evaluation. 

The descriptive section provides the further necessary detail to understand the accident. 
including its possible escalation routes. This description will enable the correct methods to 
be identified for quantification of likelihood and consequences if this is desired. Aids are 
provided for classifying t' · 1ccident into one of several categories, though these are unlikely 
to be exhaustive. particulany for environmental accidents. 

The likelihood section sets out a number of techniques for estimating the chance that the 
incident arises. These range from categorised judgements, the use of generic and site
specific data and. if necessary. synthetic techniques such as fault trees. The guidance 
provides only an overview. especially for the more complex techniques. Further detail can 
be found in the references mentioned at the appropriate points. 

The consequence section is required for two reasons. One is to provide necessary 
information for the development of on- and off-site emergency plans. The other is to feed 
into the risk evaluation along with the likelihood information. In the same way as for 
likelihood. consequences can be estimated at differing levels of detail. ranging from 
assignment into very loosely defined categories. to detailed calculations using computers. 
Consequence assessment is the least generic part of risk assessment: modelling the 
consequence is very dependent on the type of accident. Many physical processes may need 
to be modelled. Description of the many processes and the ways they can be estimated are 
beyond the scope of this guidance. Some references are provided, but in any case it is very 
important that these methods are not simply used in an unthinking way. If detailed 
consequence estimates are to be made, this should be done by an experienced chemical 
engineer or safety analyst who is aware not only of the methods available, but also of their 
limitations and boundaries of validity. 

Having said this it is also important to think about the purpose of the consequence estimates. 
For emergency planning, the plans tend not to be dependent on very accurate estimates of 
hazard ranges: what is much more important is to understand the nature of the hazard and 
the approximate extent of the effects. For risk assessment, it is recognised that the major 
source of uncertainty is not usually the consequence calculations, but the estimates of 
likelihood. This is particularly likely to be the case in Hungary where it is not known if 
generic failure rates used in the UK and elsewhere have any relevance to local conditions. 
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Description 

Description of the accident: 

Number of persons exposed to the accident: 

This description should enlarge on the infonnation provided in E2, giving all detail necessary 
to assess the risk from the accident. It should describe the different escalation routes where 
appropriate (see below). The request to supply the number of persons affected by the 
accident is derives from a requirement in the Seveso Directive. 

Classification of the accident: 

Figure 1 is a diagra.n of the various ways in which major accidents can arise. It is not 
complete. but it does provide an overview of the main features. For accidents leading to 
harm to man the situation is relatively well understood. For harm to the environment the 
diagram is vaguer and undoubtedly less complete. This reflects our less developed 
understanding of major environmental accidents. The diagram shows the potential for almost 
all events leading to serious danger to man as possibly harming the environment, though this 
depends on the circumstances of the plant. Some of the environmental accidems of particular 
concern are marked explicitly. An indication is also given on the diagram that operational 
or fugitive emissions can lead to a major environmental accident over a period. though this 
lies outside the scope of this methodology. The diagram can be used to provide descriptive 
material to answer the question, or alternatively a copy of the diagram can be attached with 
the accident route highlighted. This might be especially useful if a single hazard may have 
several escalation routes, or several routes to harm. 

Escalation is the process whereby one incident gives rise to another. For example, a fire in 
an LPG tank farm may give rise to a BLEVE which generates missiles leading to a tank 
being punctured and a toxic gas being released. This can be dealt with in several ways, but 
it is implicit in Figure 1 that the approach recommended here is to consider the final release. 
noting that it is caused by escalation of a previous incident. This emphasises the point that 
more than one scenario may be considered on one of these form;. In the present example 
this would be a major toxic release caused, perhaps, by catastrophic containment failure, and 
also the same magnitude of release caused by missiles from a BLEVE. Equally the events 
could be treated separately, especially if identified separately at the hazard identification 
stage. The choice is up to the analyst, and will be mainly based on convenience. 

I Description of on-site response: 

I 
I 
T 

Has the on-site response been specifically designed against this accident? 
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Figure 1 Diagram of Major Accident Processes 
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Description of off-site response: 

Has tlze off-site response been specifically designed against 1his accident? 

The descriptions should be brief. drawing on the material entered in Section C. Any 
shoncomings in the arrangements should be noted. These are panicularly likely if the plans 
were not designed against the accident being considered. 

Estimates of Likelihood 

This can be approached in three ways: 

assignment to likelihood categories based on the judgement of the analyst. or the 
hazard identification team. taking plant experience into account: 

quantitative estimates based on generic failure rates. simple assessments of the 
protective systems. plant experience and the quality of the safety management 

quantitative estimates based on synthetic techniques such as fault tree analysis. In this 
..:ase data will need to be provided for the base events of the fault tree in the same 
way as for the second method. 

These methods go into successive levels of detail. and the final area will be described only 
in outline. Cse of the first two is likely to be adequate for most purposes. 

The need to go to a funher level of detail is likely to be due to either: 

a demonstration from the total risk evaluation stage in Section F that the accident is 
dominating the risk and therefore warrants more detailed study; or 

a view that there is a serious inadequacy in the higher level method; this might be a 
feeling that the gross assessment misses some feature or that detailed assessment of 
a highly engineered protection system is necessary to identify single failure modes. 

Thus it is recommended that the form is not completed in detail for every accident. but that 
instead a simple assessment is made initially. The evaluation in Secti: ·' . . . ~'Cgun and 
further analysis carried out only as appropriate. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Categorised likelihood assessment 

A scheme is prepared base1 on qualitative descriptions of the likelihood or frequency of the 
accident. A possible scheme. based on bands of approximately 30 in frequency is shown in 
the following table: 

Approximate Descriptive 
Approximate recurrence time recurrence time 

Cat Description frequency 

A Often happens 10 per year - many times a 
year 

B Has happened .3 per year 3 years every few years 

c Might happen 10-::. per year 100 years many times in a 
thousand years 

D Unlikely to 3xl0~ per year 3000 years every few 
happen thousand years 

E Extremely 10·5 per year 100.000 years many times in a 
unlikely million years 

F "Incredible" 3x10·· per year 3.000.000 years every few million 
years 

Obviously it is unlikely that a major accident would be in classes A or B, but these are 
included to help the analyst think about frequencies. These are also the levels at which there 
will actually be plant experience. and this can be used in the assessment in the way described 
below. 

The first point to make is that the difference between each class is quite large - a factor of 
30. This means that a high degree of reliability is required to move an event frnm one class 
to the a lower one. This would typically be done 

to assess the frequency of an accident for which there was plant experience of a 
precursor (or "near miss") using an estimate of the likelihood of the precursor 
acrually leading to the accident; 

to assess the frequency with which an initiating event which is normally prevented 
from causing a major accident by a protective system will escalate due to failure of 
the system. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Experience in the nuclear industry shows that a well engineered system will at best have a 
failure probability of 0.()0! per demand. that is. two categories on the scale set out on the 
table. Less well engineered systems. such as operator interventions. should be assigned an 
impro\'ement of one category only. if at all. 

Thus the follo·.ving items of information can be used to assign accidents to categories: 

overall view of the analysts or hazard identification team about the likelihood of the 
accident; 

exist..!nce of related precursors or near misses recorded in Form C3: 

overall view of the effectiveness of the protection systems. based again on plant 
experience. degree and quality of engineering and so on: 

overall view of the quality of safety management based on information in Section D. 
especially 02: areas panicularly rele\'ant to the accident should be identified. 

Obviously a common categorisation scheme should be used for the assessment. and this 
should be recorded on the assessment methods form. Form E. 

Category assigned: 

Reasons I data: 

The accident should be assigned to one of rlle categories in the scheme using the processes 
and information indicated above. The reasons and data for making the decision should be 
recorded so that the judgements are understandable co the reader. 

Generic frequency assessment 

In its own risk assessments of major hazards sites, the HSE uses a number of generic 
frequencies for losses of containment. They are based on recent UK experience for well 
designed and managed plant. These frequencies are not used without critical appraisal: they 
are adjusted to reflect local conditions. especially as regards the safety management, and are 
also adjusted in the light of guidance from specialist inspectors on panicu'ar topics. Thus 
the HSE recognises the difficulties involved in estimating accident frequencies to the same 
level of accuracy as accident consequences, and also recognises that quite crude methods are 
the best that can be done. provided always that expert advice on particular topics is sought. 

This emphasises the point that risk assessment cannot be regarded as a mechanical exercise 
with a single set of methods and data guaranteeing the :nost appropriate result. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
The generic frequencies used by the HSE for different losses of containment are set out in 
the following table: 

Failure ~lode Frequency Comment 

Vessel. cataStrophic 4xl0"° per year Depending on the 
marerial, there may be a 
flashing release or 
evaporation following 
capture in a burul. 

Vessel. 50 mm diameter 5x10"° per year Holes are assumed co 
hole occur roughly 503 in the 

gas space and 50 3 in the 
liquid space. 

Vessel. 25 mm diameter 5x10"° per year As above 
hole 

Vessel. 13 mm diameter 1x10-s per year As above 
hole 

Vessel. 6 mm diameter 4xl0-5 per year As above 
hole 

Pipe (less than 50 mm lxl0-6 per metre per year All pipe-work figures are 
diameter). guillotine break assumed to include valve 

body failures. 

Pipe (grearer than 50 mm 5xl0-7 per metre per year HSE recommends that 
diameter). guillotine break above 150 mm diameter a 

topic specialist should be 
consulted. 

Pipe. 25 mm diameter 5x10-6 per metre per year 
hole 

Pipe. 4 mm diameter hole lxl0-5 per metre per year 

Flanged joint. ejection of 1 4xl~ per joint per year This is the average figure 
gasket segment between of those used by the HSE. 
boles 

Pump body failure 3x10-5 per yea;: Assumed to be equivalent 
to downstream guillotine 
failure 
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Flexible transfer hose. 3x1Q-6 per loading cycle 
guillotine failure 

Cantilevered transfer 7 .5x10~ per loading cycle 
arms. guillotine failure 

In assessing the releases due to these failures, account should be taken of any back-flow 
which may occur. 

The HSE also provide release durations for simple protective systems, assuming success. and 
also failure probabilities. These are set out in the following table. 

Release 
Duration Failure 

Protective System (mins) Probability Comments 
-
~ lanual Valve 20 small Emergency closure by 

operator taking suitable 
precautions 

Remotely operated shut- 5 0.03 This would also include 
off valve a pump which could 

prevent the release 

Automatic shut-off valve 1 0.01 For a gas detection 
system rhe duration may 
be longer. and the 
failure probability 
greater 

Excess flow valve or 1 0.013 Could be an order of 
non-rerurn valve magnitude more 

unreliable if checked 
infrequently 

These figures provide a basis for estimating the frequency of losses of containment based on 
counts of the number of vessels, pumps. flanges and transfer points, and also the length of 
pipe-work. They include all failures, including operator errors. 

Clearly there is considerable uncenainty associated with them and they need to be altered to 
reflect local conditions, including materials used, pressure and temperature, scope for 
operator intervention, reliability history, and in particular the quality of management. 
According to (11] the range of accident frequencies experienced by well and badly managed 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
plants can differ from the average by up to a factor of 5 either way. The HSE [11] 
recommend adjusunents to account for this of up to half an order of magnitude. However, 
in situations where the management of safety is particularly poor compared with average UK 
standards the frequencies may be increased by considerably more than this. However. this 
is a highly judgemental area. and has to be left to the discretion of the analyst and his 
specialist advisors. 

I Basic generic frequency used: 
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Reasons/data: 

Effect of protection systems: 

Reasons/data: 

Adjustment factor: 

Reasons/data for adjustment: 

These questions allow the analysts to input a basic failure frequency, modify this to allow 
for the success of protection systems so that a release time is obtained, and finally to adjust 
the frequency to account for the safety management or other relevant factors. The reasons 
and information used in all these judgements should be described. 

In many cases this may best be done in a separate attachment. In this case the complete 
assessment, including the use of adjustment factors may be ~est kept together. 

Detailed systems analysis 

If the assessment based on generic failure rates is thought to be insufficient for some reason, 
a more detailed systems analysis and quantification can be carried out. This would allow the 
detailed causes of the accident to be identified and quantified. The following is a brief 
description of what can be done. A full account is beyond the scope of this guidance and the 
references should be consulted (and the need for training considered). 

The main technique for this is fault tree analysis [12]. This is a method which allows a 
logical model to be drawn up which shows all the ways in which the accident can come 
about. In some cases, preliminaries to carrying out the fault tree analysis might be failure 
modes and effects analysis (FMEA [13]), or perhaps a detailed HAZOP II [9}. Both these 
techniques allow a detailed analysis of a .)ystem or procedure with a view to identifying how 
it can go wrong. 
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The fault tree will contain a number of base events the frequency of which will need to be 
quantified_ The methods for doing this depend on their narure. Reliability failures. such as 
pumps or electronic systems can be obtained from databases. or databases_ Human failures 
can be assessed using appropriate techniques which account for the nature of the task to be 
perfonned. Two popular alternatives arc HEART [14) or ASEP [15]. It is also imponant 
to check the fault tree for common cause failures. This is where the integrity of redundant 
systems is compromised due to some common cause affecting both lines of protection. 
Assessment of common cause failures can be carried out using appropriate methods [16). 

When failure data has been identified for each base event, the fault tree can be quantified. 
This is normally done using specialist software. This allows the detailed estimate of accident 
frequency to be made. 

I Methods used should be recorded on Form E. assessment methods. 

I Estimates of Consequences 
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It has been previously noted that calculating the consequences of major accident is a 
complicated matter. This is because different models are needed for each process shown on 
Figure 1. In many cases more than one model may be required. for example to cope with 
different conditions. or because different degrees of accuracy are required. It is also the case 
that consequence calculations are quite uncertain, though this is often retained within limits 
by dimensional considerations. 

The models used are often embodied in software. However, the provision or development 
of software is beyond the scope of this methodology. In any case it is possible to become 
over-confident in the results of computer calculations, and in carrying out risk assessments 
it is important to retain a level of specialist input to the modelling co check that the models 
are not being used outside their domain of validity. 

Thus in this guidance it is possible only to give an overview of the topic. No attempt is 
made to compile a handbook of models - this has in any case been done elsewhere [ 11, 17. 
19]. The approach taken is first to suggest a categorisation method similar to that proposed 
for likelihoods. This is supported by a qualitative description of the consequences of the 
main processes in Figure 1. This is followed by a overview of tr.e methods available, based 
principally on HSE guidance on this [ 11]. It should be possible using the references cited 
to make hand calculations of the effects of interest, and also to see which areas would be 
be:ter treated with computerised models. 

This will allow the analyse to make very approximate assessments of consequences and to 
find ways of making better assessments, whether these involve hand calculations or software. 
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Categori.std consequence assessment 

The following tables describe a suggested set of categories which could be used for major 
accidents. There are separate tables for hann to man and to the environment. It should not 
be assumed that the categories are intended to be comparable between man and the 
environment. To the greatest extent possible the factor of 30 between consequences has been 
retained in a similar way to that for likelihoods. 

Harm to Man 

Cat Description 

A No effect 

B Worker injury 

c Worker death 

D Widespread worker deaths 

D" Deaths off-site 

E Multiple off-site deaths 

The categories D and D" have been so labelled since it is not apparent that one is more 
serious than the other - indeed in many cases they will represent roughly eqmvalent 
accidents. but simply as a convenience to distinguish bern:een on- and off-site effects. 

For environmental accidents it is possible to introduce some idea of the cost of the accident. 
This would include the cost of the clean-up following the incident. and also the value of those 
environmental targets which could not be restoreri. This is clearly controversial but is not 
unreasonable at this level of detail. and to help in thinking about the consequences of 
environmental accidents. The figures insened are probably more appropriate to Western 
conditions; they could be adapted for Hungary by sening the Category B consequence at an 
average annual salary and using the x30 multiplying factor. 
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Hann to the Environment 

Cat Description "Cost" 

A No effect -

B Nuisance $30k 

c Minor environmental incident SlM 

D Major environmental incident $30M 

E Environmental catastrophe SlOOOM 

Again it should be emphasised that these categories are only suggestions and other categories 
might be more suitable for a particular site. This would be particularly true for 
environmental accidents where the categories could account for different levels of hann to 
the main environmental targets. Whatever categorisation is used, it should be included on 
the a.;sessment methods Fonn E. 

A series of questions to help in estimating major accident consequences is provided in the 
Appendix. It is based on Figure 1. It was developed particulady in the context of 
environmental risk. but in principle applies to all major hazards. For accidents to man the 
picture is relatively well understood: for accidents to the environment it is based on 
experience gained from risk assessments carried out at 2. number of sites and from real 
incidents. 

What follows here is a very brief summary of those parts of Figure 1 which lead LO hann to 
man. together with an order of magnitude indication of the hazard range. 

Fire 

Fires can include BLEVEs, flash fires from the release of flammable gases, jet and pool 
fires, particularly where these have the potential to lead to escalation. and fires involving 
buildings, such as warehouses. The consequences of fires depend on the ignition point and 
probability and in the case of dispersing flammable clouds, the weather conditions. Basic 
guidar.::e on hazard ranges is: 

BLEVES - hundreds of meters 
flash fires - extent of cloud. hundreds of metres to fall to lower flammable limit 
jet fires - tens of metres 
pool fires - twice pool size 
storage fires - many tens of metres 
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Explosion 

Explosions can include vapour cloud explosions following the release of flammable material, 
the missile generation effects of BLEVEs and detonations of solid phase explosive materials. 
For humans inside buildings, the main hazard arises from collapse of the building. Thus for 
large explosior.s the hazard range can extend to about a kilometre. Missile generation 
hazards exist over a range of hundreds of metres. For people outdoors, the hazard range 
is only a fow hundred metres. 

Toxic Release to Air 

Toxic releases to air can occur as a result of release of toxic material and subsequent 
advection in the atmosphere or release in a fire or explosion event. The hazard range for 
humans can extend several kilometres downwind of the plant with a plume width of several 
hundred metres. Material released in fires can be spread even further afield. 

Detailed consequence assessment 

This section of the guidance sets out a brief overview of the methods available for carrying 
out an assessment of the consequences of a major accident in more detail where this is 
required. This is done only for harm to man where the position is relatively well established. 
For accidents to the environment specialist techniques are needed, and there is as yet no 
consensus as to the best set of methods to use. 

The following discussion is heavily based on the methods recommended for use by the HSE 
in connection with CI MAH saf ecy reports [ 11]. and is therefore very appropriate for use in 
the OSD context. Once again the discussion is based around Figure 1. 

The purpose of these models is to determine a hazard region for the accident. There are two 
basic ways to characterise th: hazardous properties of an accident. One is to develop a 
probit. that is a relationship between some sort of dose and the fraction of the population 
likely to be affected, and then examine the dose levels as a function of position. The other 
is to simply say that at some dose level 1003 of the population is affected in some way. 
The area bcunded by the corresponding dose level is the hazard region. This second 
approach hr.s been adopted by the HSE for land-use planning and other purposes. However 
if the dose chosen ;s sub-lethal for most of the population, the calculated risk will be higher 
than the average risk of death and a more realistic assessment may be appropriate. However, 
this approach is considered adequate for the purposes of the OSD. Indeed it will be useful 
to characterise the hazard region as simply as possible so as to facilitate risk calculations 
using tools such a~ spreadsheets. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
In any event the end output of the detailed analysis should be an estimate of the number of 
casualties and the degree of environmental damage from each incident, as a function of wind 
direction and other weather conditions if appropriate. 

Release Rates 

(11} gives an overview of the methods available for calculation of release rates for liquids, 
flashing liquids and gases. These methods are suitable for hand calculation and are based 
on information in Lees [19) and the Chemical Engineers Handbook [20). Alternative 
specialist publications such as the Chemical Industries Association guidance on chlorine [18] 
may be useful. 

Pool Evaporation 

If pools of volatile material form following a release the rate at which the material can fo:m 
a cloud and disperse is determined by the evaporation rate from the pool. This calculation 
needs to be carried out using computer programmes. One such is the code GASP [21]. 

BLEVEs 

Simple correlations are available [11) to calculate the size and duration of the fireball 
produced by a BLEVE. and hence the thermal radiation flux at a target some distance away. 
The hazard region is a simple circle centred on the fireball. 

Pool Fires and Jet Fires 

These fires are mainly of interest for their ability to cause escalation of incidents by 
impinging on other parts of the plant. Methods for calculating their thermal fluxes are 
referenced in [ 11]. 

Flash Fires 

A cloud of flammable gas can drift some distanc~ before being ignited. The hazard range 
of the resulting fire is determined by this drifting distance as there are few casualties outside 
the extent of the cloud. This requires dispersion modelling which is discussed below. 
However correlations for butane and propane have been given in (22) based on dispersion 
models. The hazard region can be estimated from downwind and crosswind distances to the 
lower flammable limit. It is also important to consider ignition probabilities. 

1 gnirion Probabilities 

A major source of uncenainty for flammable or explosive materials stems from lack of 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
knowledge of the ignition probabilities, and how they vary as a function of distance from the 
release. A typical approach is given in the Canvey study [25) which indicates that this is 
highly dependent on the judgement of the analysts. 

Vapour Cloud Explosions (and other explosions) 

Reference [ 11] pro\·ides a method for estimating blast overpressure from the explosion of 
larger clouds of flammable gas and also refers to a paper by Considine and Grim [22) which 
expands on this. The hazard radius is circular about the site of the cloud, though it should 
be remembered that the cloud may have drifted from its release position before ignition - see 
comment on ignition probabilities again. 

Thermal Radiation Effects 

Reference [11) provides dose information based on work in [23]. This is used to provide 
simple look up charts for the range at which 503 lethality is attained for fireballs. The same 
information can also be used for other types of fires if required. though. as stated, the effects 
of flash fires can be estimated from knowledge of the cloud size. 

Blast Effects 

As previously mentioned the main blast effects on people come from the collapse of 
buildings. 503 lethality occurs at an overpressure of 34 kPa [22] in these cases, but at 
overpressures as much as an order of magnitude higher for people outside affected by the 
blast wave alone. Overpressure models based on explosive yield are available [11]. 

Gas Dispersion 

Reference [ 11) provides models for the dispersion of instantaneous and continuous releases 
of a passive gas. It also points to the need for special techniques for dense gas clouds. For 
hand calculations the Britter-McQuaid workbook [27] can be used. Alternatively [11) 
recommends use of the codes DENZ and CRUNCH which are now superseded by the code 
DRIFT [24]. However, this is also an area where the individual properties of the gases - for 
example how they interact with water - can be extremely important, and again the need for 
specialist advice is indicated. The same is true for special properties of the location such as 
terrain and obstacles. 

Toxicity 

This is a ctifficult area in general. Reference [11] provides a number of references to HSE 
reports setting out the approach used, in particular for chlorine, acrylonitrile, hydrogen 
fluoride and ammonia, and, in the future, hydrogen sulphide. The general HSE approach 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
is discussed in [26]. Funher information on toxicities are given in [34]. 

Evaluation 

This stage to some extent pre-judges the total evaluation in the next. The main purpose here 
is to summarise the risk from the accident at the appropriate level of detail and to question 
whether any obvious improvements are required to the plant in the areas of prevention, 
control, mitigation, or emergency response. 

For categorised assessments the risk is determined by the frequency-consequence category 
pair previously worked out (or possibly pairs if several scenarios are being considered at 
once). 

For the detailed assessments more calculation is required to calculate levels of individual and 
societal risk if this is thought to be needed. This area lies outside the scope of the OSD and 
so only a few brief comments will be made to point the way if required. In any case the 
information could alternatively be provided in Sec ii on F. 

Individual risk represents the chance with which an individual identified person will suffer 
a given level of harm. usually death. This is genera!ly calculated as a function of position 
around the plant in terms of the annual probability of being killed. One representation is thus 
in terms of individual risk contours. 

Societal risk is the chance of accidents of different consequences occurring. These are 
generally represented by an fN line. This is a plot on a log-log scale in which the horizontal 
axis is number of people killed (or other measure of severity) and the vertical axis is the 
frequency. The fN line at point N is the frequency of accidents killing N people or more and 
is thus cumulative. In order to calculate this it is necessary to have estimates of the 
population distribution around the plant. 

Computer codes can be used to calculate the individual risk contours and fN lines due to 
accidents on a site. However these are not likely to be available for use in preparing an OSD 
and it is recorrunended that spreadsheets be used to store and aggregate the relevant data. 
This is relatively straightforward if the hazard region is parameterised in a simple way. 
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Likelihood: 

Safety consequence: 

Environmental consequence: 

These three questions should summarise briefly what has been found in the previous pans 
of the assessment. 

Overall risk: 

This should provide estimates of individual and societal risk as appropriate if these 
calculations have been carried out. 

Opportuniti"!s for prevention: 

Opportunities for control: 

Opportunities for mitigation: 

The ways in which the accident could be prevented should be systematically thought through, 
and following this the same can be done for means of controlling the accident if it occurs, 
and mitigating its effects. 

Actions proposed or to be taken: 

Finally the analyst should set out what actions are recommended on the plant in the light of 
the assessment if this is appropriate. 
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F: CONCLUSIONS FORM 

The nature of the conclusions of the OSD will depend on its purpose, as set out in Section 
A. For example, the function of a safety justification is to answer the question of whether 
the activity is adequately safe and to set out the proposed action if it is not. A safety 
assessment might simply analyse the hazards and perhaps suggest a list of improvements. 
However, the discussion that follows looks at this mainly from the point of view of a safety 
case or justification. Note though, that it is not the function of this methodology to set out 
what would constitute a tolerable level of risk in Hungary; in the UK and other EC countries 
this has been the subject of considerable debate. 11terefore very little guidance has been 
given in this area. 

It was remarked at the stan that the Seveso Directive is concerned with the prevention of 
major accidents. This is enlarged on in the UK where the objectives of the safety repon are 
[2]: 

to identify the narure and scale of the use of dangerous substances at the activity; and 

to identify the type, relative likelihood and consequences of major accidents that 
might. occur; and 

to give an account of the arrangements for safe operation of the activity, for control 
of serious deviations which might lead to a major accident.. and for emergency 
procedures at. the site. 

Following on from this the HSE say: 

It is for the manufacturer to satisfy HSE that all major accident hazards have been 
identified and the proposed. or actual precautions are as described. and are 
appropriate to the hazards. 

Thus the material presented here should panicularly address this last issue. assuming the 
material presented previously satisfies the main objectives. If not, the fact should be noted. 

A risk-based approach depends on showing the hazards have been identified and are 
appropriately controlled. The level of control is best illustrated by examining the likelihood 
and consequences of major accidents in parallel. This can be done either at the level of a 
categorised assessment, or in a quantitative way as outlined in the previous section. Once 
again we shall not go into much detail concerning the quantitative evaluation since this lies 
outside the scope of the OSD for the purposes of satisfying the present Seveso Directive, or 
future veri;ions. 
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Summary table of potential major accidents 

This table is used to collate the results of the previous accid'!nt analyses. There are columns 
to identify and describe the accident briefly. The results of the assessment in terms of 
likelihood and consequence are marked. The final column is for use following the main 
assessment: it can be used to record the priority attached to the accident. whether any follow
up action is planned or suggested to reduce its risk and so on. 

Categorised Risk Evaluation 

The potential major accidents considered in the previous section can be plotted on a so-called 
risk matrix. This is a simple structure where the consequence categories are plotted 
horizontally and the likelihood categories vertically. Thus an accident which is high 
likelihood and consequence will tend to appear towards the top right corner of the matrix. 
Such accidents are the ones which deserve the most attention. 

The categories could be set up in such a way that the lines of equal risk run at 45 degrees 
through the matrix. For example, if risk is considered to be defined by frequency times 
consequence and equal jumps are chosen for each category ( eg the factor of 30 used in Form 
E3 for frequency and envirorunental consequence), this would be the case. However it needs 
to be emphasised that this would be a value judgement and that it may be more appropriate, 
for example. for the higher consequence accidents to be given higher weight. 

It was noted previously that the categorised risk assessment could be carried out following 
the initial hazard identification. 

At any rate the risk matrix provides a way to clearly identify those accidents which need to 
be given more detailed consideration. This can take the form of r. quantitative analysis on 
Form E3 or it may take the form of proposals for reducing the risk - either by reducing its 
likelihood, its consequence or both. Finally it may be that the risk is considered tolerable, 
that it is adequately controlled, in which case a statement tc this effect should be made. 

I issue 1 ~ 1993 AEA Technology Page 62 j 

·-.....:---:· 

\ 

.. 



.. Q!l•· r -
---~-- -- ------. • • . 

I· -

-

t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

I OUTLINE SAFETY oo_c_u_M_E_N_T __________ G_u_1o_A_N_c_E_N_o_T_Es__,f 

L 
i 
k A 
e 
1 
:l. 

h 
0 

0 B 

d 

c 
a 
t c 
e 
g 
0 

r 
y 

D 

E 

F 

A B c D E 

Consequence category 

Risk matrix for hann to man 

Risk matrix for hann to the environment 

These two matrices should be filled in for all the accident analysed in E3 using the 
categorisation method. The accidents can be marked using a code, or perhaps by a brief 
phrase indicating their narure if this is possible. It needs to be done for both hann to man 
and :o the environment if different categorisations are required for these two effects. 
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Quantitative Risk Evaluation 

If, for the risk-dominant hazards, details of individual and societal risk have been calculated 
and are available in the form of individual risk contours and fN lines for example, these 
presentations can be aggregated to show the risk for the activity as a whole. It might be 
more appropriate to present this evaluation as an anachment to Form F. 

This presentation would permit an evaluation of the risks on an absolute basis. The debate 
on acceptable or tolerable levels of risk has been long-lasting and is still unresolved. The 
question of what levels ~e appropriace for Hungarian conditions has not been addressed 
within the developmenc of this methodology and should be studied elsewhere. 

In the UK the debate has been crystallised raost re..:ently within the report of the Advisory 
Committee on Dangerous Substances [28] and on the Tolerability of Risk from Nuclear 
Power Stations [29). The copic is not pursued further here. 

This part of the form should be used to set out the quantitative risk levels and the way they 
are viewed . 

Overall Risk Evaluation 

The main purpose of assessing risks is to identify and prioritise wea!Jtes~.s in the systems 
which can then be addressed so as to reduce risk. This issue sh1Juld alre.1dy have been 
addressed for each accident in the detailed analysis form. Thus at this stage it is necessary 
to ask. using the information provided by the qualitative and quantitative assessments what 
more can be done to reduce risk, and whether the resulting risks ar~ acceptable, tolerable, 
as low as reasonably achievable or whatever criterion is appropriate. 

ls rhe informarion supplied above comp/ere? 

This question should be used to note any major omissions in the information supplied and 
or in the scope of the case. For example. if it does not cover all the dangerous substances 
in im;tallations operated by the manufacturer within 500 metres (see Section B), this fact 
should be explained and justified. Obviously the completeness of the information will have 
a major effect on the utility of the safety assessment. 

Are rhe measures which have been identified ro prevenr. control, mirigate and prorect againsr 
major accidents adequate? 

If the answer is yes. then a justification of this needs to be provided which is appropriate for 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
Hungarian conditions. 

Set out the measures which are suggested/planned such thal major accidents will be further 
prevented, comrolled, mitigated and protected against: 

This pan of the form is used to set out the action plan which is necessary to ensure adequate 
safety for the industrial activity_ This plan might simply be that proposed in the light of an 
internal assessment, or it might be a plan of improvements commined to by the manufacturer 
in order to be to allowed to continue operation by a regulator, or in order to meet his internal 
targets for safety and environmental performance. 
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APPENDIX: GUIDANCE ON ENVIRONMENT AL ISSUES 

This Appendix contains two sections. The first covers the information which is useful at the 
hazard identification stage (Form E2). It classifies potential enviromnental targets and the 
measures of harm which could be used to estimate risk. The second provides advice, in the 
form of a series of questions, to assist the ar.alyst in estimating consequences in filling in 
Form E3. This takes account of the fact that the field of risk assessment for major hazards 
is less well developed for harm to the enviromnent than for harm to man. 

Hazard Identification 

For the purposes of this guidance. targets at potential risk from a major accident have been 
categorised within five groups: terrestrial sites and habitats; aquatic environment; particular 
species; historic sites and buildings; and environmental impacts upon man. Suggested 
indicators or measures of harm are given against the different categories. based principally 
upon those suggested in the UK in the context of the CIMAH Regulations [3]. To a large 
extent. the standards proposed draw upon the features and standards defined in existing 
conservation legislation in the UK and will need to be adopted to Hungary. Where 
appropriate, further guidance on the basis of the categorisatioa is given. 

Te"estrial sites and habitats 

Environmental Category Measure or Indicator of Harm 

Nature Sites of National or Loss of nature conservation value measured in terms 
International Importance of: 

i) Permanent or long term damage to a defined 
fraction(> 103) or area (>0.5 hectares) of 
the site; 

ii) Permanent or long term damage to a defined 
fraction ( > 103) of a particular habitat at the 
site; 

iii) Loss of or damage to defined fraction ( > 103) 
of a particular species at the site. 

Nature Sites of Local Permanent or long term damage to a defined area ( > 5 
Importance hectares or less if falling into scarce habitat category 

below) of the site. 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 

Scarce Habitat Pennanent or long tenn damage to a defined area ( > 2 
hectares). 

lntennediate Habitat Pennanent or long tenn damage to a defined area ( > 5 
hectares). 

Wider Environment Pennanent or long tenn damage (including 
contamination leading to prevention of agricultural use 
and denial of public access as well as ecological 
damage) to a defined area ( > 10 hectares). 

Deflrut10ns w1thm each cate o wdl depend on conditions withm each count gry ry . lnthel ~ 
systems exist for identifying these targets, and the equivalent will need to be present or be 
set up in Hungary . 

Aqua.*ic environment 
-

Environmental Category Measure or Indicator of Harm 

Rivers Effect upon a specified length ( > 10 km) as judged in 
tenns of: 

i) Lowering of water quality against a defined 
classification relating to biological and chemical 
characteristics for a defined period ( > 1 year); 

ii) Long tenn damage to the habitat overall. 

Lakes Effect upon a specified area ( > 1 hectare) as judged in 
tenns of: 

i) Lowering of water quality against a defined 
classification relating to biological and chemical 
characteristics for a defined period ( > 1 year); 

ii) Long tenn damage to the habitat overall. 

Aquifers/Groundwaters Contamination (or other) effect which would: 

i) Preclude use for public domestic or agricultural 
water supply; 

ii) Cause significant adverse impact on surf ace 
waters, as judged by the criteria defined above 
for rivers and lakes. 
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I Particular species 

I Environmental Category Measure or Indicator of Hann 

Plant or animal species in The loss (or inability to reproduce) of a significant 
I ,. 
' 

I general proportion ( > 1 % ) of the national population, by direct 
effects (fire or acute poisoning), or indirect effects 
(destruction of habitat or effects on the food chain). 

I Nationally rare or The loss (or inability to reproduce) of a significant 
endangered species proportion of the national population where the 

I -
quantitative threshold representing a "significant" 
proportion may be judged to be lower than 1 % on the 
basis of the national rarity of the species. 

I Internationally rare or The loss (or inability to reproduce) of a significant 
endangered species proportion of the population where the quantitative 

I 
threshold representing a "significant" proportion may 
be judged to be lower than 1 3 of the national 
population by reference to its significance in respect of 

,. 

I 
the total international population lost and the wider 
international rarity of the species. 

' 
Agam comments regardmg local nauonal conditions apply. 

I Historic sites and buildings ., I '~ ~ 

Environmental Category Measure or Indicator of Harm 

Ancient Monuments Damage resulting in loss of archaeological importance, 

~ I 
against defined national criteria. 

Areas of Archaeological Damage resulting in loss of archaeological importance, 

.. 

I 
Importance against defined national criteria. 

Historic Buildings Damage resulting in loss of historic or architectural 
importance, against defined national criteria. 

I A am comments re ardm g g g local nauonal s stems a y 11· • ppy 

I 
I 
I 
I 
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Environm~ntal impacts upon man 

Environmental Category Measure or Indicator of Hann 

Recreational Facilities Damage resulting in loss of aesthetic. cultural or 
public amenicy value. 

Public Access Long term ( > l year) contamination resulting in the 
need for restriction of public access to a defined area 
( > 10 hectares) of the wider environment. 

Agricultural Areas Long term ( > l year) contamination which prevents 
the growing of crops or grazing of animals on a 
defined area ( > 10 hectares) of the wider environment. 

Fisheries Long term contamination which prevents fishing or 
aquiculture over a significant area. 

Water Sources Interruption of supply to a defined number ( > 10.000) 
of consumers due to: 

i) Contamination which renders water unfit for human 
consumption; 

ii) Damage t\l Water Treatment Works or distribution 
system. 

Sewerage Facilities Damage leading to: 

i) risk to public health due to contamination of a water 
source; 

ii) wider hazard to public health through flooding. 

Consequence Assessment 

This series of questions for identifying the environmental effects of potential major accidents 
is based on experience gained from risk assessments carried out at a number of sites and 
from real incidents. It is not exhaustive and the assessment team should always be alert to 
the possibility of identifying risks specific to a given situation which are not covered by 
previous experience. 
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Fin 

a Direct Effects 

i) 
ii) 
iii) 

What is the limit of the hazard range of the direct effects of fire·~ 
Which human and environmental targets fall within this hazard range? 
What is the likely extent of damage to any human and environmental 
targets identified as being at risk? 

b Fire Spread 

i) 

ii) 

iii) 

What is potential extension to the hazard range due to the fire 
spreading from its source? 
Which human and environmental targets fall within this extended 
hazard range? 
What is the likely extent of dan1age to any human and environmental 
targets identified as being at risk? 

c Fire Water Run-off 

Explosion 

a 

b 

I issue 1 

i) What toxic materials might contaminate any fire water run-off and at 
what concentration levels? 

ii) How might fire water run-off reach environmental targets? 
ii) What. in terms of the aspects noted in the guidance on toxic releases 

to water below, are the potential consequences to the aquatic 
environment of any run-off? 

Direct Effect11 

i) What is the limit of the hazard range of the direct blast effects? 
ii) Which human and environmental targets fall within this hazard range? 
iii) What is !he likely extent of damage to any h1.1man and envirorunental 

targets identified as being at risk? 

Translocated Effects 

i) 

ii) 

What is the potential for translocation of explosive mixtures, for 
example through drainage systems, which would extend the range of 
the explosion hazard? 
Which human and environmental targets fall within this extended 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
explosion hazard range? 

iii) What is the likely extent of damage to any human and environmental 
targets identified as being at risk? 

Toxic Rtleast to Air 

a Direct Effects 

i) What is the hazard range for acute toxic effects? For environmental 
targets the hazard range is obviously very dependent on the nature of 
the target as well as that or the toxic material. 

ii) What human and environmental targets lie within this hazard range? 
iii) What is the likely exient of acuce (shon term) damage to any human 

and environmental targets identified as being at risk? 

b Indirect Effects on Land 

i) 

ii) 
iii) 

iv) 

v) 

vi) 

Will there be toxic fall-out to land and, if so, over what area will these 
be at levels likely to cause ecological harm? 
What environmental targets lie within this potentially affected area? 
Is the toxic fall-out chemically persistent in the longer term (i.e over 
months or years)'? 
Will the toxic fall-out be retained (by binding to soil) or be washed 
rapidly (on the basis of high aqueous solubility) from the contaminated 
site and dispersed? 
If persistent, what is the potential for bioaccumulation within the 
ecosystem and knock-on effects in the food chain, to higher animals 
more widely in the environment and to man? 
Taking into account the ecotoxicity, persistence and bioaccumulation 
as necessary, what is the likely extent of acute (shon term) and chronic 
(longer term) damage to any environmental targets identified as being 
at risk? 

(Note. The persistence and bioaccumuiation of chemicals within the environment are 
important factors determining the longer term impact of a release. Quantitative 
indicators of levels of persistence and bioaccumulation which are considered to 
represent a threat to the aquatic environment have been defined in the context of the 
implementation (30] of EC legislation [4]. Such quantitative indicators may be of use 
in determining which chemical releases are likely to be of most concern regarding 
their potential to cause a major environmental impact.) 

c Indirect Effects on the Aquatic Environment 
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I OUTLINE SAFETY DOCUMENT GUIDANCE NOTES I 
i) 

ii) 

ls the water run-off from the site likely to contain harmful 
concentrations of toxic materials derived from the fall-out? 
What, taking into account the aspects addressed under toxic releases 
to water below, are the potential consequences on the aquatic 
environment? 

Toxic Release to Water 

a Surface Waters 

b 

I 1ssuE 1 

i) What is the pathway for surface water run-off in the event of a liquid 
release? 

ii) What is the range within surface waters of any contaminant above its 
aquatic toxicity limit? It is not possible to give guidance on this 
without detailed modelling. 

iii) What will be the overall effect on water quality in the receiving waters 
and over what length of river or area of lake? 

iv) What specific environmental targets are contained within the 
potentially affected area? 

v) What are the water uses down stream from the pcint of contamination 
(domestic water supply, livestock water, irrigation, fishing, leisure and 
general amenity) which might be affected? 

vi) Is the released dangerous substance chemically persistent in the aquatic 
environment in the longer term (i.e over months or years)? 

vii) Will it be retained (by binding to sediment) or be flushed rapidly 
through the surface water system and be dispersed? 

viii) If persistent, what is the potential for bioaccumulation within the 
ecosystem and knock-on effects in the food chain, to higher animals 
more widely in the environment and to man? 

vi) Taking into account the ecotoxicity and any persistence and 
bioaccumulation as necessary, what is the likely extent of acute (shon 
term) and chronic (longer term) dlmage to any environmental targets 
identified as being at risk? 

Aquifers/Groundwaters 

i) 

ii) 

What, according to local geology, is the local general vulnerability of 
groundwaters to contamination? (Note. Work on defining 
vulnerability is going on in the UK.) 
What are the local uses of any groundwater (domestic or livestock 
water supply, irrigation) which might be affected by contamination? 
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IDENTIFICATION 

I INDUSTRIAL ACT'VITY: 

I 
I 

NUMBER: I 1sSUE: I DATE: 

I Industrial activity: 

~ I 
- I 

I Manufacturer: 

,. 

I .. 

' I 
.~ I 
'~ ~ 

Site: 

"' ~ I ... 

I 
Purpose of assessment: 

I 
I 

Responsible Person: 

I 
I 
I 
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OUTLINE SAFETY DOCUMENT B APPLICABILITY 

INDUSTRIAL ACTIVITY: 

2 
NUMBER: I 1sSUE: I DATE: 

Is the industrial activity carried out in an industrial installation referred to in Annex I and 
involving one or more of the substances listed in Annex ill? 

Does the industrial activity involve storage of one or more of the substances and preparations 
in Annex II? 

Substances listed in AllllCx Il and Annex III 

Number Chemical Name Stage of Activity Quantity Further Study? 
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OUTLINE SAFETY DOCUMENT B APPLICABILITY 

INDUSTRIAL ACTIVITY: 

3 
NUMBER: I 1ssuE: I DATE: 

Other dangerous substances 

Number Chemical N2mc Stage of Activity Quantity Funltcr Srudy? 

Docs this information include all quantities of dangerous substances in any group of 
installations belonging to the manufacrurer which are within 500 metres of each other? 

Does this information include all quantities of dangerous substances in any group of 
installations belonging to the manufacturer where the distance is not sufficient to avoid. in 
foreseeable circumstances. any aggravation of major accident hazards? 
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OUTLINE SAFETY DOCUMENT 

LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 

NUMBER: I issue: I DATE: 

Factors Relevant to Major Accidents 

Is a geographical map of the location attached? 

I In what respect is infonnation missing"? 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

Predominant meteorological conditions 

Wind Probability Stability Wind speed 
direction cacegory 
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' I - OUTLINE SAFETY DOCUMENT C1 LOCAL INFORMATION 

I 
I 
I 

INDlJSTRIAL ACTIVITY: 3 
NUMBER: I 1sSUE: l DATE: 

-. 

I Off-site Emergency Plan 

Is there an off-site emergency plan for the imtallation'? 
,-.- I 

- Name and address of person responsible for maintaining the plan: 

I 
I Brief description of the plan: 

,, !' 
I 

' I 
.~ I 
'~ 

~ ~ I 
I 

Specify the areas in which the emergency plan appears to be deficient: 

I 
I 
I 
I Is the plan up-to-date? 

I I -. 
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OUTLINE SAFETY DOCUMENT C1 LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 

4 
NUMBER: I 1ssuE: I DATE: 

Information to the Public 

Is information supplied to the public? 

How. and to whom is it supplied'? 

Does it: 

(a) provide the name of the company and the address of the site'? 

(b) identify, by position held, the person giving the infonnation'? 

(c) Confirmation that the activity is subject to legislation implementing the Seveso 
Directive - not yet relevant in Hungary 

(d) explain, in simple tenns, the activity undenaken on the site? 

(i:) name the substances and preparations involved on the site which could give rise to 
a major accident, with an indication of their principal dangerous characteristics? 

(t) provide general infonnation relating to the nature of the major accident hazards, 
including their potential effects on the population and the environment? 
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OUTLINE SAFETY DOCUMENT C1 
LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 5 
NUMBER: I 1sSUE: I DATE: 

(g) provide adequate information on how the population concerned will be warned and 
kept informed in case of an accident? 

(h) provide adequate information on the actions the populations concerned should take. 
and on the behaviour they should adopt in the event of an accident'? 

(i) confirm that the company is required to make adequate arrangements on-site. 
including liaison with the emergency services, to deal with accidents and to minimise 

their effects? 

(j) refer to the off-site emergency plan(s) above? 

(1) advise cooperation with any instructions or requests from the emergency services at 

the time of the accident? 

(k} supply details of wher: further relevant information can be obtained? 
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OUTLINE SAFETY DOCUMENT C2 SITE INFORMATION 

INDUSTRIAL ACTIVITY: 

2 
NUMBER: I 1ssuE: I DATE: 

Site and Process Description 

Is a site plan attached? 

In what respects is information missing? 

Maximum number of persons on site: 

Number of: permanent employees: 

contractors: 

temporary staff: 

visitors: 

Describe the industrial activity: 

Main items of safety critical equipment, their location and arrangements for ensuring their 
availability: 
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OUTLINE SAFETY DOCUMENT C2 SITE INFORMATION 

INDUSTRIAL ACTIVITY: 

3 
NUMBER: I 1sSUE: I DATE: 

On-site Emergency Plan 

Is there an on-site emergency plan'? 

I Brief description of emergency plan: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

Specify the areas in which the plan appears to be defective: 

Name of the person(s) and their deputies authorised to activate the plan and alen the 
competent authority: 
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INDUSTRIAL ACTIVITY: 4 
NUMBER: I 1sSUE: I DATE: 

Is the plan u~to-date? 

Are affected people. including contractors and visitors, informed of its provisions? 

Is the plan tested? 

Are the off- and on-site emergency plans consistent'? 

... 
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INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

NUMBER: I 1sSUE: 

Overview of Installation History Search 
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OUTLINE SAFETY DOCUMENT 

INSTALLATION HISTORY 

iNDUSTRIAL ACTIVITY: 

NUMBER: I 1ssuE: 

EVENT: 

Source: 

Date information collected: 

Does documentation exist? 

Date or period of incidem: 

---~-~-

I DATE: 

I Description of incidem: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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Cause of incident: 

Type and category of incident: 

Potential safety implications (on- and off-site): 

Potential environmental implications: 

Action taken: 

I issue 1 ~ 1993 AEA Technology 

\ 

C3 
1 

• 



--· ------- -----&.- ---- --

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ I ,• 
~ 

I 
I 
I 
I 
I 
I 
I 

OUTLINE SAFETY DOCUMENT 

MANAGEMENT SYSTEM 

INDUSTRIAL ACTIVITY: 

NUMBER: I 1sSUE: 

I Prepared by= I Signarure: 

Attachmmt List 

No Tide ID Issue 

Revision History 

Date Issue Comments 

D 
1 

I DATE: 

I Dale= 

No 
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MANAGEMENT SYSTEM 

INDUSTRIAL ACTIVITY: 

NUMBER: I rsSUE: 
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I DATE: 

I Information Relating to Stafrmg 
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Provide an organisation chan for the management of the industrial activity: 

What are the arrangements for activating on-site emergency plans? 

What are the arrangements for activating off-site emergency plans? 
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INDUSTRIAL ACTIVITY: 

3 
NUMBER: I 1ssuE: I DATE: 

Information Relating to Aclmioistrative Control Systems 

Provide a summary (based on Form 02) of the adminstrative control systems used to achieve 
engineering control. operacional control and control of macerials. highlighting inadequacies: 
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INDUSTRIAL ACT:VITY: 4 
NUMBER: I 1sSUE: I DATE: 

Information Relating to Training 

Provide a summary (based on Fonn 03) of the arrangements (and their inadequacies) which 
arc in place to ensure all staff receive appropriate training for the safety aspects of their jobs: 
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OUTLINE SAFETY DOCUMENT 

STAFF INFORMATION 

INDUSTRIAL ACTIVITY: 

NUMBER: I 1ssuE: I DATE: 

JOB TITLE: 

Name of current job-holder: 

Reports to (job title): 

Deputising arrangements: 

Safety responsibilities: 

Safety-related decision-making: 

Qualifications and training: 

Experience: 
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NUMBER: I 1ssuE: I DATE: 

I Prepared by= I Signature: I Date: I 
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Revision History 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

2 
NUMBER: I 1ssuE: I DATE: 

Engineering Control 

Control of design 

Is the design process set up to: 
a Ensure that the technical objectives are achieved? 
b Identify stages of the process where checks are required? 
c Provide a specification for safety requirements? 
d Identify and accommodate commissioning and maintenance requirements? 

l!: use made during design, comm1ss1orung, maintenance and modification of hazard 
identification and assessment techniques such as: 

a Hazard and operability studies (HAZOP)? 
b Hazard analysis (HAZAN)? 
c Failure Mode and Effects Analysis (FMEA)? 
d Fault trees and event trees? 
e 
f 

I issue i 

Reliability assessments? 
Task analysis and installation procedures? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

3 
NUMBER: I 1SSUE: I DATE: 

What standards. codes etc~ used in the design process? 
a Hungarian. otht;r European. US or international standards? 
b Company engineering and design standards? 
c Company codes of practice? 
d Competent authority (regulator) guidance notes? 

Do company directives and guidance provide adequate design advice, to help achieve future 
integrity. such as: 

a The use of approved standards? 
b Mandatory hazard assessments? 
c Safety assessment of design modifications? 
d Approval requirements for completed designs? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

4 
NUMBER: I 1sSUE: I DATE: 

Do company directives and guidance define suitable construction or modification 
requirements, including: 

a Preparation of work schedules and meth~ statements? 
b Testing and inspection during installation? 
c Approval of test results? 
d Safety assessment of modifications during construction? 
e Handover procedure prior to commissioning? 
f Monitoring, recording and reporting requirements? 
g Material certificates and treatment records? 
h Quality assurance requirements? 

Control of maintenance, inspection and testing 

Are routine maintenance requirements fonnally identified and schedules produced for each 
plant item? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

5 
NUMBER: I 1ssuE: I DATE: 

Is "safety critical" maintenance, inspection and testing identified and are sufficient safeguards 
employed for: 

a Work with potential to damage plant? 
b Work with potential for personal accident? 
c Work on safety related equipment? 

Are written procedures in place for the safe handover and hand-back of plant between the 
operator and maintenance staff? 

Are records kept of maintenance, inspection and testing carried out and are any problems 
encountered analyzed to: 

a Improve procedures? 
b Identify training requirements? 
c Initiate incident investigations? 
d Identify incomplete maintenance? 
e Record variations to the maintenance procedure? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

6 
NUMBER: I 1sSUE: I DATE: 

Are arrangements in place to ensure that the programmed. completion of routine maintenance 
is monitored to identify and correct any maintenance, inspection and testing backlog? 

Are statutory maintenance requirements recognised and is compliance ensured? 

Are Permit-To-Work (PTW) methods/procedures for controlling hazardous work 
implemented where maintenance and construction work is performed? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

7 
NUMBER: I 1sSUE: I DATE: 

Is there a procedure by which persoODel are made aware of their rcspomibilities under the 
hazardous work procedure? 

Have all the requirements for S?CCialised safe working procedures been assessed? 

Do the hazardous work procedures emure safe working with regard to: 
a Electrical work and isolation? 
b Hot work? 
d Lockouts and disabling devices? 
e Falling and moving equipment? 
f Use of chemicals? 
g Confined space I Hazardous location working? 
h Roof access? 

j 
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Excavation? 
Crane maintenance and rail access? 
Other (identify) ? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTR!AL ACTIVITY: 

8 
NUMBER: I 1sSUE: I DATE: 

Are procedures applied to conttol the use of safety critical tools and equipment such as: 
a Blanks. spades and disabling devices·~ 
b Scaffolding. bamesscs and ladders? 
c Lifting tackle and cranes? 
d Ponable electrical tools and machines? 
e Maintenance shielding? 

Are acceptance criteria included in maintenance and installation procedures? 

Are procedures in place for reponing any abnonnalities or deficiencies found during 
maintenance? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

9 
NUMBER: I 1sSUE: I DATE: 

Control of modifications 

Aic safety asscssmems carried out to look at the effect of modification on the plant and bow 
such modifications affc:L-c the as-built design safety? 

a Aic modifications categorised? 
b What assessment methods are employed for modifications? 

Does the assessment process include the implementation stage of modifications as well as the 
operatior.al stage? 

Is fonnal authority and approval required in the procedure before commencement of the 
proposed vvork? 
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OUTLINE SAFETY DOCU~1ENT D2 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 10 
NUMBER: I 1ssuE: I DATE: 

Is a procedure ~ to control the handover of modified plant between those responsible for 
the modif~ons and those woo controUuse the modified plant and does it include 
authorisation and approval of any concessions'? 

Are drawings. procedures :ind training programmes updated as part of the modifications 

procedure? 

Is guidance provided for all those involved regarding the use of a modifications procedure? 
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OUTLINE SAFETY DOCUMENT D2 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

1 1 
NUMBER: I 1ssuE: I DATE: 

Is there a procedure which ensures that the workforce is informed and kept up co date with 
progress? 

Are quality assurance procedures applied to the design process for: 
a Setting company design standards? 
b Auditing against those standards? 
c Identifying and implementing required corrective actions? 

Does the commissioning (of new plant) procedures provide rigorous control including: 
a Approved and witnessed commissioning schedules? 
b Approval of procedures and operating instructions? 
c Approval requirements at identified stages? 
d Safety approval of modifications during commissioning? 
e Monitoring, recording and reponing requirements? 
f Handover procedure prior to operations? 
g Quality Assurance requirements? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

12 
NUMBER: I 1sSUE: I DATE: 

Are methods used to register and updarc drawings ctc so that: 
a Drawing originals arc recained at one centtal location? 
b Superseded copies arc destroyed? 
c There is a current list of persons issued with drawings? 
d Unique numbers arc issued and copies are controlled? 

Are design safety reviews and engineering reviews held at appropriate points in the design. 
construction and installation of a new facility or modification? 

a Are checklists used to prevent missing out important safety considerations? 
b Is a range of disciplines involved in the review? 

Is the effectiveness of the engineering and design features of the system adequately 
demonstrated against company safety standards? 

a Are there relevant design policy statements? 
b Are details of all significant changes recorded? 
c Is auditing and feedback incorporated into the system? 
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OUTLINE SAFETY DOCUMENT D2 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

13 
NUMBER: I 1sSUE: I DATE: 

Control of Operatiom and Emergmcies 

Cbntrol of OJHrations 

Are company and depanmental guidelines used to identify what procedures are required for 
normal and abnormal operations, and emergencies? 

Are the results of hazard analyses, new legislation, incident investigations and monitoring 
used as an input to identify and modify operating or other procedures? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

14 
NUMBER: I 1ssuE: I DATE: 

Are there formal safety assessed procedures for all normal plant and equipment operations·? 
Are documentation systems controlled: 

a Are suitably qualifed and experienced persons selected to develop and improve 
procedures? 

b Are all procedures and instructions subject to a formal check and review 
process? 

c Are all documents periodically reviewed? 
d Are all operational procedures registered and subject to controlled issue'? 
e Are all copies of superseded procedures withdrawn and destroyed? 
f Are all document changes subject to an adequate modification procedure? 

Do the company directives and guidance for operational facilities clearly identify the safety 
requirements, including: 

a Formal emergency procedures and exercises? 
b Safety approved operational procedures and rules? 
c Approved and acknowledged operating instructions? 
d Formal maintenance: schedules and procedures? 
e Safe systems of work which are to be used? 
f Monitoring, recording and reporting requirements? 
g Procedures for accounting/control of hazardous substances? 
h Waste monitoring and discharge requirements? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

15 
NUMBER: I 1sSUE: I DATE: 

Are safety critical tasks highlighted and do special provisions exist to ensure compliance with 
the procedures regarding: 

a Manning levels and staff standards? 
b Plant safety limits? 
c Calibrations? 
d Special operating conditions? 
e Emergency routines? 
f Shift hand.overs? 
g Special equipment? 

Are systems in piace for the reporting and investigation of any abnonnalities, malfunctions, 
etc? 

Are the procedures for the shut down of plant or process in the event of an emergency 
adequately promulgated and displayed? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

16 
NUMBER: I 1sSUE: I DATE: 

Are procedures in place for the inspection and hand-back of plant, after maintenance, by 
operations staff! 

Has each member of staff whose duties include responsibility for emergency command, been 
assessed for suitability in this role? 

Control of emergencies 

Are staff aware of written company guidance on what emergency arrangements are required, 
and the procedures for implementing them? 
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INDUSTRIAL ACTIVITY: 

17 
NUMBER: I 1sSUE: I DATE: 

Do local arrangements exist for communications with external authorities, the media, and the 
public. in the event of a major emergency. and do they include control of statements, etc? 

Do arrangements exist for the protection of vital records (for example duplication. dispersal, 
etc)? 

Do procedures exist to limit the effects of business interruptions, such as the loss of output 
due to a fire, on other parts of the organisation and its customers? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

18 
NUMBER: I 1sSUE: I DATE: 

Are management promptly informed of all significant incidents or emergencies, as part of 
a formal infonnation procedure? 

Do emergency procedures address all accident scenarios required by legislation and those 
identified in the hazard assessments? 

Are all persons attached made aware of their duties and responsibilities in the event of an 
emergency? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 19 
NUMBER: I 1sSUE: I DATE: 

Are emergency procedures practised and assessed by holding: 
a Routine emergency drills? 
b Periodic large scale emergency exercises? 

Do practices involve all employees and contractor's staff present during the time of the 
emergency exercise/drill? 

Are large scale exercises programmed, which involve emergency and rescue services and all 
employees and contractors' staff present, to provide a realistic test of the envisaged 
procedure? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 20 
NUMBER: I 1sSUE: I DATE: 

Are the results of exercises recorded, analyzed and utilised? 

Are minimum manning levels specified for control rooms and other vital manned areas and 
are they supplemented during b·Jsy work periods? 

Is specific emergency training provided for: 
a Pennanent staff? 
b Contractors? 
c Emergency services? 
d Visitors? 
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INDUSTRIAL ACTIVITY: 

21 
NUMBER: I 1sSUE: I DATE: 

Are the emergency procedures reviewed at a suitable frequency? 

Is the provision of emergency equipment such as emergency lighting, fire-fighting equipment, 
breathing apparatus and emergency egress equipment reviewed to ensure adequacy: 

a Periodically on a regular basis? 
b In the event of modifications to plant? 
c With regard to technological advance? 
d Against changes of legislation? 
e As a result of incident investigations or analysis? 

Are emergency response teams provided and are they suitably trained to perform their 
required duties of: 

a Fire fighting? 
b Rescue of personnel? 
c Administering of first aid? 
d The wearing of respiratory protective equipment? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INOUSTRiAL ACTIVITY: 22 
NUMBER: I 1sSUE: I DATE: 

Are installed emergency protection devices tested regularly and the results recorded for: 
a Emergency shutdown devices? 
b Deluge systems? 
c Audible and visible alarms? 
d Fire fighting equipment? 
e Escape and rescue equipment'? 
f Emergency lighting? 
g Scrubbing/venting systems? 
h Flame arrestors'? 

Are scrubbing and venting systems used on vessels containing quantities of hazardous 
materials? 

Are such systems: 
a Capable of s~'"llbbing the full vessel capacity? 
b Suitable for the hazardous material in the vessel? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 23 
NUMBER: I 1sSUE: I DATE: 

Is the size and composition of an emergency response team regularly reviewed and are their 
duties formally identified? 

Do the emergency procedures require liaison and notification to external agents and 
emergency services such as: 

a Local Authorities? 
b Fire Brigade? 
c Ambulance? 
d Police? 
e Ministries? 
f Police? 
g Competent authorities? 
h Other countries? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 24 
NUMBER: I 1sSUE: I DATE: 

Control of Material 

Are Plant/Departtnent arrangements in place for the maintenance of an inventory of all 
substances which are classified as hazardous or which may become so during a work 

activity? 

Are there requirements for all such substances to be assessed, suitably labelled and 
catalogued in order to provide procedures and instructions for: 

a Safe storage? 
b Safe handling? 
c Safe use? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 25 
NUMBER: I 1sSUE: I DATE: 

Has the following questioning approach and order been applied to the use of hazardous 

materials used on site? 
a Is the material really needed (can the material be eliminated)? 
b Can a less harmful material substitute for it? 
c What engineering controls can be put in place to reduce the danger (for 

example deluge/sprinkler systems)? 
d And only as a last resort - what personal protective equipment should be 

used? 

Are there arrangements which ensure that any work which involves the use of hazardous 
substances is subject to the requirements of the relevant legislation? 

Are quality and safety checks performed on all material which is: 
a Purchased from an external source? 
b Manufactured or produced by operations? 
c Likely to deteriorate over a period of time? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 26 
NUMBER: I 1sSUE: 1 DATE: 

Are monitoring arrangements in place which track all materials used and record details of 

their final disposal route? 

Are arrangements in place which ensure that surplus material is returned to a store and 
disposed of externally if no longer required? 

Have suitably authorised persons been identified trained and appointed in writing for the 
receipt, issue and control of panicularly hazardous material? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

27 
NUMBER: I 1ssuE: I DATE: 

Is training provided and formal assessment required to ensure that material handling plant 
and equipment is operated only by qualified staff who have been formally appointed? 

Are there implemented schedules which ensure that all material handling plant and equipment 
whether owned by the company or hired from an external source is subjected to: 

a Periodic maintenance and servicing? 
b Regular safety examination and testing? 
c Pre-use checks by the operator? 

Are suitable material handling procedures provided to those concerned in order to ensure that 
loading, unloading, handling and the storage of material for movements within and outside 
the Company are carried out correctly to avoid injury and loss? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 28 
NUMBER: I 1ssuE: I DATE: 

Are procedures in place which ensure that any company material which is transported on a 
public highway has been correctly packaged and labelled according to the relevant 

legislation? 

Is there a procedure on waste material which encourages recycling or careful disposal with 

regard to the environment? 

Has consideration been given to the safety of other storage areas/places of significant 
hazardous substances belonging to this plant such as:-

a Separate warehousing? 
b Transit depots? 
c Tank farms? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 29 
NUMBER: l 1sSUE: I DATE: 

Are members of the public prevented from entering the premises? 

Are the security arrangements appropriate to the hazards of the activities? 

Are there any special security considerations such as:-
a nearby schools or prisons? 
b hazardous materials? 
c dangerous plant? 

Are site boundary fences regularly patrolled, inspected and kept in good condition? 
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OUTLINE SAFETY DOCUMENT 03 TRAINING AUDIT 

INDUSTRIAL ACTIVITY: 

1 
NUMBER: I 1ssuE: I DATE: 

l Prepared by: I Signarure: I Date: 

Attachment List 
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OUTLINE SAFETY DOCUMENT 03 TRAINING AUDIT 

INDUSTRIAL ACTIVITY: 2 
NUMBER: I 1sSUE: I DATE: 

Do managers receive adequate safety training or have access to suitably qualified and 

experienced safety advisors? 

Do managers identify new training requirements: 
a As a result of incident/accident analyses? 
b As a result of audit, survey, and inspection reports? 
c As a result of new or modified processes or equipment? 
d As a result of changes in legislation? 
e As a result of task analyses? 

Is management monitoring of safety training requirements and achievements applied at all 
the line management levels and to all members of the workforce? 
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OUTLINE SAFETY DOCUMENT 03 TRAINING AUDIT 

INDUSTRIAL ACTIVITY: 

3 
NUMBER: j 1SSUE: I DATE: 

Do the staff and safety advisors' training include: 
a The concept of loss control? 
b Planned inspection techniques? 
c Accident/incident investigation? 
d Safety management monitoring techniques? 
e Occupational health and industrial hygiene? 
f Purchasing and engineering controls? 
g Personal communications? 
h Legislative duties and requirements? 

Group meetings? 
J Property damage and waste control? 
k Environmental issues relevant to the plant/process? 
1 Refresher training? 

Are suitable teaching facilities and tutors provided in order to meet all the training 
requirements? 
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OUTLINE SAFETY DOCUMENT 03 
TRAINING AUDIT 

INDUSTRIAL ACTIVITY: 4 
NUMBER: I 1sSUE: I DATE: 

What training methods are used: 
a On the job training? 
b Internally organised courses? 
c Formal external training? 

Are the requirements for induction and refresher training, identified and programmed? 

Are checks made on the training needs of all contractors to ensure tltat they are met before 

deployment on the plant? 
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INDUSTRIAL ACTIVITY: 5 
I 

NUMBER: I 1sSUE: I DATE: 

I Do systems exist for assessment of the effectiveness of training? 

I 
- I 

I 
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I 
Are the training records comprehensive and regularly updated? 
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\ I 
Are the training requirements for long term contractor's employees implemented regarding: 

I 
a Emergency training? 
b Safety training? 
c Induction training? 
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OUTLINE SAFETY DOCUMENT E ASSESSMENT METHODS 

INDUSTRIAL ACTIVITY: 

2 
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I Overview of Hazard ~t 
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OUTLINE SAFETY DOCUMENT E ASSESSMENT METHODS 

INDUSTRIAL ACTIVITY: 

3 
NUMBER: I 1ssuE: I DATE: 

Assessment Methods List 

Method Stage Nature Purpose Additional Inf onnation 
and References 
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' 

I Categorisation scheme: likelihood 

Approximate Descriptive 

I 
Approximate recurrence time recurrence time 

Cat Description frequency 
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Class Description 
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INDUSTRIAL ACTIVITY: 

2 
-' 

I 
NUMBER: I 1ssuE: I DATE: 

SUBSTANCE: 

I 
Identity, Composition and Handling of the Substance 

I Substance identity: 

I 
I 

Degree of purity of the substance: 
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I Main impurities 

' I Relative percentage Impurity 
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Detection and determination methods available to the installation: 
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OUTLINE SAFETY DOCUMENT E1 SUBSTANCE INFORMATION 

INDUSTRIAL ACTIVITY: 3 
NUMBER: I 1sSUE: I DATE: 

SUBSTANCE: 

Methods and precautions laid down in connection with handling storage and fire: 

Emergency measures laid down in the event of accidental dispersion: 

Methods available to render the substance harmless: 
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OUTLINE SAFETY DOCUMENT 

SUBSTANCE INFORMATION 

INDUSTRIAL ACTIVITY: 

NUMBER: I 1sSUE: I DATE: 

SUBSTANCE: 

Brief Indication of Hazards 

Immediate hazards for man: 

Delayed hazards for man: 

Immediate hazards for the environment: 

Delayed hazards for the environment: 
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OUTLINE SAFETY DOCUMENT E1 SUBSTANCE INFORMATION 

INDUSTRIAL ACTIVITY: 5 
NUMBER: I 1ssuE: I DATE: 

SUBSTANCE: 

Behaviour of the Substance 

Chemical and/or physical behaviour under normal conditions of use: 

Forms in which the substances may occur or into which they may be transformed in case of 

foreseeable abnonnal conditions: 
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INDUSTRIAL ACTIVITY: 
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NUMBER: I 1sSUE: I DATE: 

SUBSTANCE: 

I 
Hazard Listing 

I Supply the requested infonnation in a suitable fonnat 
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SUBSTANCE: 

I Categorised Risk ~t (optional) 

I Risk matrix for harm to man 
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I Risk matriA for harm to the environment 

I L 
i 
k A - I e 
l 
i 

I 
h 
0 

0 B 

d 
, 

I c 
a 

' I t c 
e 
g 

\\.' I 
\~ 

0 

r 
y 

D 

~ I 
I E 

I 
I F 

I A B c D E 

I Consequence category 

I 
t I .... ( 1_s_su_e_1 ______ c_19_9_3_AEA Technology 



... ~~..,..·-~ 
7/1.i-~---- . . -. I· -

I 
\ 
- I OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

\ 

I 
I 

INDUSTRIAL ACTIVITY: 

1 I : 
• i 

! 1 

I 
NUMBER: I 1ssuE: J DATE: 

SUBSTANCE: 

\ 

I POTENTIAL MAJOR ACCIDENT: 

I 
-

I 
I I Prepared by: I Signature: I Dace: 

Attachment List 

I No 
No Title ID Issue Pages Comment 

I 

I 
\ 

I 
\\' I 
\~ 

" I 
.. , 

I 

I 
I 

Revision History 

Date Issue Comments 

I • 

I 
I 
I 
T 

I issue 1 © 1993 AEA Technology 

. 



• . ~ ... 

I 
\ 
- I 

I 
I 
I 
I 
I 

- I 
I 

.. I 
\ 

I 
6-' I 
\~ 

~ I 
I 
I 
I 
I 
I 
I 

' 

' ---- _ . ....._ __ --
-~- - ------ ··-

""'""'-&.!::• ..,._. -:>·- -· . - ---- . 

OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

2 
NUMBER: I 1sSUE: I DATE: 

SUBSTANCE: 

POTENTIAL MAJOR ACCIDENT: 

Description 

Description of the accident: 

Number of persons exposed to the accident: 

Classification of the accident: 

Description of on-site response: 

Has the on-site response been specifically designed against this accident? 
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POTENTIAL ACCIDENT ASSESSMENT 
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SUBSTANCE: 
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I Description of off-site response: 
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OUTLINE SAFETY DOCUMENT 

POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

NUMBER: I 1ssuE: I DATE: 

SUBSTANCE: 

POTENTIAL MAJOR ACCIDENT: 

Estimates of Likelihood 

Categorised likelihood assessment 

Category assigned: 

Reasons/data: 

Generic frequency assessment 

Basic generic frequency used: 

Reasons/data: 

Effect of protection systems: 

Reasons/ data: 

Adjustment factor: 

Reasons/data for adjustment: 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

5 
NUMBER: I 1sSUE: I DATE: 

SUBSTANCE: 

POTENTIAL MAJOR ACCIDENT: 

Detailed systems analysis 
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I Estimates of Consequences 
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Categorised consequence assessment 
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Opportunities for prevention: 

Opportunities for control: 

Opportunities for mitigation: 
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Actions proposed or to be taken: 
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Is the infonnation supplied above complete? 
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INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

I 
NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

I Contents 

Inder.: Title Issue Comment 

I -
A Identification - 2 pages 
B Applicability 1 3 pages 

I 
Cl Local infonnation 1 5 pages and 5 attachments 
C2 Site infonnation 1 4 pages and 4 attachments 
C3 Installation history 1 14 pages 

I 
,. ~ 

D Management system 1 5 pages and 1 attachment 
Dl Staff infonnation 1 6 pages 
02 Control systems audit 1 17 pages 

I 
03 Training audit 1 3 pages 
El Assessment methods 1 5 pages 

'\ E2 Hazard identification 1 2 pages and 4 attachments 

I E3(1) Pipework release 1 6 pages and 1 attachment 
E3(2) Storage vessel release 1 5 pages and 1 attachment 
E3(3) Release from drum/cylinder filling 1 6 pages and 1 attachment .. ~ I \~ 

"': 
E3(4) Release from railcar filling 1 5 pages 
E3(5) Railcar failure 1 6 pages 
F Conclusions 1 6 pages ar:l 1 attachment • 
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OUTLf NE SAFETY DOCUMENT A IDENTIFICATION 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I issue: 1 I DATE: 16/2/93 

Industrial activity: 

This assessment covers the production. storage and shipment of chlorine at the lllatos 
UI works of Budapesri Vegymuvek in Budapest. It covers the electrolysis plant. the 
compressing and condensing plant. the storage facilities and on site transport of 
chlorine to user plants and shipment off site. It does not cover brine dissolution or 
the user plants themselves. 

Manufacturer: 

Budapesti Vegymuvek 
I 097, Budapest, Ken urea 5 

Site: 

lllalos Ul site. Budapest IX. 

Purpose of assessment: 

Trial assessment to test the Outline Safety Document technique. This is the main 
purpose of the assessment, and although many results have been gained which would 
be of US£ to improve the safety of the activity it is advisable to check the validity of 
the data and the working before embarking on modifications to plant or operations. 

Responsible Person: 

AR Garlick 
SRD 
Wigshaw lAne 
Culcheth 
Warrington 
WA3 4NE 
UK 

Tel: 0925 254278 
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OUTLINE SAFETY DOCUMENT B APPLICABILITY 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A j 1SSUE: 1 I DA TE: 16/2/93 

Is the industrial activity carried out in an industrial installation referred to in Annex I and 
involving one or more of the substances listed in Annex ill? 

Yes; condensation; production of non metal by means of electrical energy (Annex I). 
Chlorine > 25te (Annex 111) 

Does the industrial activity involve storage of one or more of the substances and preparations 
in Annex Il? 

Not applicable, since identified as process in previous question 

Substances listed in Annex II and Annex III 

Number Chemical Name Stage of Activity Quantity Further Study? 

1 Chlorine All up to 100 te Yes 

2 Hydrogen Electrolysis up to 150 kg No 
<1500 nrJ 

Other dangerous substances 

Number Chemical Name Stage of Activity Quantity Further Srudy? 

3 Mercury Electrolysis 66 te No 

Does this information include all quantities of dangerous substances in any group of 
installations belonging to the manufacturer which are within 500 metres of each other? 

No; there are many other processes and stored substances on the lllatos ut site. 
Furthennore, the BVM Ken utca site lies within 500 m. This aspect needs to be 
considered in this analysis, and also borne in mind for future work. 
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OUTLINE SAFETY DOCUMENT B APPLICABILITY 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I issue: 1 I DA TE: 16/2/93 

Does this infonnation include all quantities of dangerous substances in any group of 
installations belonging to the manufacturer where the distance is not sufficient to avoid, in 
foreseeable circumstances, any aggravation of major accident hazards? 

No - see above. 
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OUTLINE SAFETY DOCUMENT C1 LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I ISSUE: 1 I DA TE: 16/2/93 

Attachment Ust 

No 
No Title ID Issue Pages Comment 

1 Key to maps 2 
2 Land use maps 3 1:14200 and 1:10000 
3 Notes on location 3 With references to 

photos 
4 Meteorological data 6 Supplied by 

SAFEORG 
5 Location photographs 4 

Revision History 

Date Issue Comments 

16/2/92 1 First issue by SRO 
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OUTLINE SAFETY DOCUMENT C1 LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I ISSUE: 1 I DA TE: 16/2/93 

Factors P..elevant to Major Accidents 

Is a geographical map of the location attached? 

See Anachments J and 2. These comprise a number of maps which indicate the 
position of the site, land use details, population. other hazardous plants and so on. 
Attachment 3 contains some more detailed notes on aspects of the su"ounding area 
and Attachment 5 suppons this with a number of photographs. 

In what respect is information missing? 

Site locations of specific 'safety' targets are missing, eg schools. There are no 
hospitals, prisons in the local vicinity (up to 2 kmfrom the BVM site). 

Predominant meteorological conditions (see Attachment 4) 

Wind Probability Stability Wind speed Probability 
direction category 

N 133 D 5 mis 903 
NE 83 F 2 mis 103 
E 73 
SE 73 
s 93 

SW 93 
w 153 

NW 323 
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OUTLINE SAFETY DOCUMENT C1 LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 

3 Production. Storage and Shipment of Chloaine at BVM 
I 

NUMBER: N/A I ISSUE: 1 I DA TE: 16/2/93 

Off-site Emergency Plan 

Is there an off-site emergency plan for the installation? 

The current emergency plan is about to be replaced with an improved version which 
has been prepared as a result of the explosion in January 1992. This plan was not 
yet in operation at the time of the study and we did not have access to its detailed 
provisions. 

Name and address of person responsible for maintaining the plan: 

Not knO'wn 

Brief description of the plan: 

Not available 

Specify the areas in which the emergency plan appears to be deficient: 

No: known 

Is the plan up-to-date? 

See above 

~ 1 993 AEA Technology 
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OUTLINE SAFETY DOCUMENT C1 LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Information to the Public 

Is inf orraiation supplied to the public? 

Yes 

How. and to whom is it supplied? 

Open days for the local population and local dignitaries on an i"egular and 
infrequent basis. A monthly newspaper is issued which gives information on the plant 
and cu"ent issues. This is distributed to the local munidpal authorities for wider 
circulation. Any member of the public can visit by making an .:zppointment. The 
contact number is given in the monthly newspaper. 

Does it: 

(a) provide the name of the company and the address of the site? 

Yes 

(b) identify, by position held. the person giving the information? 

No 

(c) Confirmation that the activity is subject to legislation implementing the Seveso 
Directive - not yet relevant in Hungary 

NIA 

(d) explain, in simple tenns. the activity undenaken on the site? 

No 

(e) name the substances and preparations involved on the site which could give rise to 
a major accident, with an indication of their principal dangerous characteristics? 

No 

I DRAFT c e 1993 AEA Technology 
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OUTLINE SAFETY DOCUMENT C1 LOCAL INFORMATION 

INDUSTRIAL ACTIVITY: 

Production, Storage and Shipment of Chlorine at BVM 5 
NUMBER: N/A I ISSUE: 1 I DA TE: 16/2/93 

(f) provide general information relating to the nature of the major accident hazards, 
including their potential effects on the population and the environment? 

No 

(g) provide adequate information on how the population concerned will be warned and 
kept infonned in case of an accident? 

No 

(h) provide adequate infonnation on the actions the populations concerned should take, 
and on the behaviour they should adopt in the event of an accident? 

No 

(i) confinn that the company is required to make adequate arrangements on-site, 
including liaison with the emergency services, to deal with accidents and to minimise 
their effects? 

No 

(j) refer to the off-site emergency plan(s) above? 

No 

(I) advise cooperation with any instructions or requests from the emergency services at 
the time of the accident? 

No 

(k) supply details of where further relevant information can be obtained? 

Yes 
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Cl: Attachment 3 

Notes on Location 

Figures in braces [] give photograph numbers. 

1 General Off-site Description 

High density urban and industrial area. The specific locations of other hazardous 
plant, offices, factories and housing could be highly significant in estimating the 
consequences of a major industrial accident on the BVM site. 

There is also a high level of general dereliction and waste land, particularly around 
the southern boundary of the BVM site. 

2 Residential Areas 

There are 2 main t)pes of housing. High rise/high density housing and lower rise 
(single storey) high density housing. 

The high rise housing [3,6, 7,11] is fairly modem and appears to be generally in a 
good state of condition. There are also wide spaces between each building (50-
100 m). However they could pose problems of evacuation, depending upon the type 
of hazard. 

The lower rise housing [8.15,16,24] is potentially an area of greater concern. The 
streets are relatively na"ow and there is very little space between each house. Most 
of this housing is also in a poor condition. This type of housing lies in the prevailing 
wind direction from the BVM site. 

There was also some evidence of temporary/shelter accommodation in the derelict 
areas. The number of people affected appears to be small, but given the difficulty in 
sending information and communicating with these people in the event of an 
emergency further investigation in this area may be important. 

3 Industrial Areas 

The main industrial areas are to the North and South West {2,5,13,14,17,18,20, 
21,23]. We only have workforce numbers for the hazardous companiel, however 
there are large numbers of offices and warehouses and there is soon to be a 
supermarket to the North. Based upon a very superficial study we estimate a further 
5000 to the workforce giving a total of 10,000. Given the plans for new buildings 
and factories in the area one may assume that the workforc." is lilwly to increase. It 
is difficult to judge how many also live within the 2 km radius of BVM. 

4 Schools 

There are potentially 40 schools within the 2 km radius of B VM based upon figures 
from each electoral ward. However some of these wards extend beyond the 2 km 
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radius_ It appears some are high rise [19) and would pose problems for evacuation. 

Population l>P.nsity 

The population figures from the electoral wards total 105,000. Given that 
appropriately 303 of the 2 largest wards are outside the 2 km radius, we reduced this 
by 30,000 giving an estimate of 75,()()() inhabitants. In addition to this are 10,()()() 
(workforce) and 4,000 ',pupils, estima.te based upon a total of 16,()()(), 4,000 coming 
from outside the 2 km radius and therefore adding to the daytime population), giving 
a population density of over 7000 km-:. We also estima.ted the population density in 
the low-rise residential areas to be around 9000 km-2

• This is based on dividing the 
total population in the two wards (78, 000) by the total area of the wards. 

Environment 

There appears to be only one significa'll environmental target in the local vicinity, a 
loop of the river Danube which forms Csepel Island. This loop is used for 
recreational activities and fishing. Contami:wtion of the loop may be possible, 
depending upon the local drainage system, from both routine releases and accident 
conditions (see section D). It is likely that water is extracted from the loop for 
industrial use on Csepel Island. 

The aquifer may also be an important environmental target. Wells near the banks of 
the Danube are used for drinking water in Budapest. Contamination and subsequent 
movement of groundwater near BVM may pose an environmental hazard. In 
particular mercury contamination, for which BVM have been repeatedly fined by the 
local inspectorate, may be important. 

It is understood that the groundwater depth on the BVM site is about 4 m. 

Other Hazardous Plant 

A number of other hazardous plants exist in the local vicinity but only one, an 
acetylene plant (2) appears ro pose an escalation hazard to BVM. This plant is 
marked number 2 on map Attachment 2, page 2). 

BVM [9,10] 

The 2 km "Hazard Range" as determined by the local authorities has been based upon 
a maximum release of 150 te of chlorine or 30 te of hydrogen fluoride. It is not 
common for either quantity to be found on site. This year the average is between 80 
and JOO te of chlorine. 

The chlorine plant in BVM is located in the southern area of the site. It is separated 
from the nearest residential area fJy 300 m. The housing in the immediate vicinity is 
of ;he low rise (single storey) type. 

A recently built motorway [12} is also close ro the site boundary. A very busy road 
{4] can also be found to the West of the sire, as well as /llaros ur itself and Harar ur 
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which forms the boundary of the nearest housing. 

A number of offices and warehouses can be found to the North and F.ast of the site 
[2.13.14.17.20.21.23]. They may be difficult to evacuate in the evenl of an accident. 
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6. Meteccological data 

·The neteorological data needed for the consequence analysis were 

obained from the HAZOP investigation of the flourination plant by 
Vegyterv in 1990. Considering that the data represented averages 

of lo and So years, we did not think it was necessary to obtain 

new data. 

Meteorological data used for consequence analysis 

Atmospheric stability: instable neutral stabile 

Stability category A B c 0 E F/f~· 
+ 

Occurence (%) no data 

Occurence ass~med during the investigation: 
0 category 9o % 

F category lo % 

Wind directions 

Direction N NE E SE s SW w Nw 

Occurence (%) 13 8 1 1 9 9 15 32 

(Conment: We consider the direction fro~ which the·wind is blowing 
as the cbminant. We have no data on still-wind occurence.) 
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Wind speed 

We have I'll data about stability categories and distribution of the 

wind speed according to wind directions. 

Assumed wind speed in case of D category: 5 m/s 
Assumed wind stieed in case of F category: 2 m/s 

Air temoerature: - 11°C ta + 30 °c 
We took the air temperature to be + 20 °c in the analysis. 

Relative humidity: 71 % 
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The annual average wind speed as a function of ~eight ~ 
above gr(lund level : 
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Year~y wind conditions frequency in Budapest 
based on to years average 
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OUTLINE SAFETY DOCUMENT C2 SITE INFORMATION 

INDUSTRIAL ACTIVITY: 

1 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Attadunent List 

No 
No Ticle ID Issue Pages Comment 

1 Site plan 26.681 6111/<)(J 1 Scale 1:1000 

2 Key to site inventories 5192 4 In Hungarian 

3 P&:IDs and keys 17 Prepared for study. 

4 Produaion jlowsheet 1 

Revision History 

Dace Issue Conunents 

1 Firsc issue prepared by SRO 
16/2/92 

I Prepared by: I Vince I Signarure: Cl Ait(E I Dace:'l-Yh-·l''J 

I DRAFT c ~ 1993 AEA Technology 
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OUTLINE SAFETY DOCUMENT C2 SITE INFORMATION 

INDUSTRIAL ACTIVITY: 

2 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: N/A l ISSUE: 1 l DA TE: 16/2/93 

Site and Process Description 

Is a site plan attached'? 

Yes. See Anachmems I and 2 

In what respects is infonnation missing? 

- Liquid Chlorine in pipework = 0. 2 te 
- Offices and organic plant (numerous staff) ca. 300 m to NE. 
- Approximately 20 people for pan of day at HCl e:cpon bay, which is very near. 

Maximum number of persons on site: 

Permanent employees: 603 
Contractors: 50 
Temporary staff: 5 
Visitors: 12 

Describe the industrial activity: 

Production of chlorine by electrolysis of brine; after drying and compression, the 
majority of the chlorine is burned with hydrogen (also produced in the electrolysis) 
and dissolved in water to form hydrochloric acid, with (usually) lesser amounts being 
used in BVM's organic planls on the same site, or being condensed, stored and 
eventually exponed as liquid chlorine in rail tank cars, drums and cylinders. Waste 
gases containing chlorine are routed to react with sodium hydroxide solution (again, 
an electrolytic by-product), forming sodium hypochlorite. A simplified jlowsheet is 
provided as Anachment 4. 

With reference to Attachment I, the two cell rooms are mar/red (29) (old) and (29) 
(new). (33) is the building where the chlorine is compressed, condensed and stored 
in 4 x 25 te tanks. The drum and cylinder shipment area is (34), the hypochlorite 
plant is (35) and the HCI plant is (36). The hydrogen produced in the electrolysis is 
stored in a tank at (30). 

More detailed P&/Ds are provided in Attachment 3. 

I DRAFT c e 1993 AEA Technology 
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OUTLINE SAFETY DOCUMENT C2 SITE INFORMATION 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Main items of safety critical equipment and their location: 

- hypochlorite plant to dispose of routine and accidental emissions of chlorine (needs 
to be available at all times). 
- compressors to extract chlorine from electrolysis process (if these shut down an 
automatic system shuts down chlorine production). 
- extraction systems from chlorine compressing and condensing facility. 
- natural circulalion to extract chlorine from electrolysis rooms. 

Note we were not provided with detailed information on how high availability of these 
systems is achieved. 

On-site Emergency Plan 

Is there an on-site emergency plan? 

Yes - in draft - to be finalised and approved February 93 

Brie~ description of emergency plan: 

I. Introduction to site - road approaches; nature of neighbourhood; site population etc. 

2. Process upsets; incidents 
- minor: definition, examples, respon.:ibilities (!-i page) 
- major: definition (!-i page) 
- catastrophic: lists possible scenarios (generic) on filling/emptying. 

3. Most hazardous materials; state and quantities on site (C/2, Hf). 

4. Definition of catastrophe (realisation of major hazardl - loss of ~ 20 te Cl/HF. 
Procedure on catastrophic loss of containment (5 steps). 

5. Raising the alarm. Procedure, including notifications - emergency services etc. 

6. Procedure after major process upsets, including composition and.tasks of emergency 
committee and of groups reponing to this committee. 

Annexes: Propenies of C/2, HF. 

I DRAFT c c 1993 AEA Technology 
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OUTLINE SAFETY DOCUMENT C2 SITE INFORMATION 

INDUSTRIAL ACTIVITY: 

Production, Storage and Shipment of Chlorine at BVM 4 
NUMBER: N/A j 1ssuE: 1 I DA TE: 16/2/93 

Inventory of hazardous items. 
Inventory of emergency equipment, including PPE. available on sire. 
List of nearest industrial neighbours and their most hazardous materials. 

Specify the areas in which the plan appears to be defective: 

The plan seems insufficiently detailed in most sections. The following have not been 
adequately addressed: 

- Hazards from liquid S01 (Ken urea) 
- Means of identifying emergency 
- Access for emergency services 
- All aspects of fire fightine 
- Communication links 
- Evacuation a"angements 

The draft plan has many e"ors, some of critical imponance (eg omission of HF 
storage from inventory). 

Is the plan up-to-date? 

Yes 

Are affected people, including contractors and visitors, infonned of its provisions? 

Perr.umenr staff yes, visitors no - but visitors are continuously accompanied. 

Is the plan rehearsed? 

Yes - annually (bur see Section D) 

Do the off- and on-site emergency plans match? 

Not known 

I DRAFT c © 1993 AEA Technology 
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...... 

0 -··• N 

1. 

2. 

3· 

4. 

5. 

-
6. 

-
7. 

DPA Ditropil - amiH. 
Aromat.ol 
Dietil - amitt. 

Hallar.f6ksav 
Keyettsav 

i:zemcm kiviH 

I Bettz6trif 1o"rid 

I Hwl laddksav 

2 db 25 m3-es rm.ac.tart. 
l db.25 " " 
2 db. s m3-es " 

ti 13 II 

..... ...... _._. ............. _.t-........... ._ ..... _. .......... ~ ... ---------------------------t---------------"'"11------------------~------------~~ 
2 db 20 m3-es rm.ac.tart. 

lo t 

2 db lo " " 

Folyamatos mottottitral6 
"Cft[3 SQV, · w::em" 

2 db s m3-es ac.tartAly 

"i:izemett kivwl" 

"E" 

"C" 

-- ·~----------------._ ... ._ __ ~ __________________ .,... ______ ,,,_~--~·--~--~t---._·-----~------------------------._--~--~ ... --------------.-,~--------------~~--------~---
8. I Hidrog6tt 

;Nyers/Bettzitriflowrid 
s Norm. m3 Hidrogdttez~ Uzem tech- I "E" 
l,5 t ttikai rattdszerdbett. 

-·~ Hidrogcht 180 Norm.m Gazom~terbett I ''A" 

-- ---
lo. I Hidrog6H ' l palflcfa•sO No1·111.1w· 

.. I 
30 db Ac~lµalackba t,ltve ~ "A" 

11. I 3 Amin6-bettzotriflworid 25 t Techttikai rettdszerbett I "A" 

/(,40 So-o ·~. i:,-~c, 
... - ........ 
/ 

• - u .. ---·-·-

. . ' ~ ~-.... ....... 
. 

.. 

4' 
I 

I 

~ 

f 

r' I 
I 

I 



I 2. 1un1no-bettz6trifl 01..cr·ta so t 

Uettz6t 40 t 

l3. Herhicidek (Aromatol) 40 t . . . -
Li. cscppfoly6s Nitrog~tt 8 t 

15. 
PropiottSay s t 

I Foszf or-triklorid I 3 t 

I 

Ma'tanol 4 t 
KPS 3 f 
Tolwol 3 t 
Bwtil-aldvel 3 t 

. 
l6. olajraktdr 40 .tbt 

l 7. Aro-iz6-bwtir6-ttitri1 3 t 

lB. Regetter41t iz6bwtil-alkokol 20 m3 

19. Kl ·,rs zwf orttsnv 8 t 
- -

20. Kl or ~'ropiottsav-met i l i!s zt er lo t 

21. Met.anal 20 t 

22. i~x 50 ~ vi%es Metattol loo m3 

Kloroform loo m3 

' 1\ 

~ QO. 5v m--a~ ~m.w~.~w~~. .. 
1 db. .. " - -
3 db 25 m3-es tartaly .. [3 .. 

.. 

5 bar. nyom6s alatt tarolv I "A" 

Az Uzem.techttihai rettdsze- "A" 
rdbett. 

Zart kordokbatt(200 lit) "A" 

Zart raht~r ·cpapirdobokba 11) "A" 

30 m3-es ac.tart41y 
(karmettt6} "B" 

3 25 m -as ac. tarttlly "C" 

Mwag.bt!lc!ses 200 l-es11ord6 

20 m3-es fed~tt ac.tart. "A" 

1 db lso m3 -es tartaly 
I db. " " "E'' 

·-· 

olitref f kiszerel~ 

-· 
"N2 t,~rolv!1 " 

. 
Vizzel ttem drint~n~-
ket robb.:n11~sszorit 
kevess6ggel bomliR - -

--

. 
--· 

/ 

I >I 
I -4 
I -t. 
I li · 
I :Z: 

K 
~· :J 

,I 
h 
If 

'; I _., 
) : 

~ 
J. 
! ,. 



\ , ._ ·- - - - - - - -------·~A-?.•(•.{r\~=·.~~.j~~-~1~·1lii1.~,?j·;j)~·~-~~3·~;:~~~~it.~·;~·ilt'~~·:~·;l4f/t··t~ftfti"4·1~'ff,~· !·•i.•T1lt-'.~·,!'r 

>rszaas . 
... 23· 

24. 

~~ 
25. 

-

~ ~6. 
27. 
-

28. 

29. 

30 

~ 1. 

J2. 

'~ 

·"~~~; <.· ~- .. ··:;. ~\~.J-.j~$~•l•~t.f:.~~ t.*·-l:\·w 1;.i~.;;·.~r!£·~~·.1t'1·., ·""'·\ :~:""':i-~·~:~,~~·1o1"1(;g, "•'"'~:4:\1 ?'·~~ lHT·fN~· .. '!"i~ ~:11 1· .• ,,::i, .L .. ~:.J:.Ji.~ "· 

vesr:,1y~~.: .... 1ac·~··~ .. ~vez_,8~i~':j 11e.-11~~i·~:\tj ;i~O:r.1iJ.~·;f~6a~-~~.;~i·~:::: :·:I iru~v.'·~,;t··j ·.llecjogyz•ai ~·~·ff' t 
· fi..~'t'···t:~· :1 ":'';~';(~r1~~if-~,k'i,:f'i'~· l'~::.(,~J:•'"~t·141:.rlt~i:' ~ :t:\~i»t~~.,.,~l\~ .. 9'~\'f!~~'': F•k• :~tij~~~ .1'~.~.;,.,., '! ·~·!i.., .. , .. ,.J.·'.~'l';i '''.'., 
Meta110~(~··. : •.\ ... • ; ': : ~o t · ... ; ~· 9 db ~o :m3-as~~c.~.1 ta1·tdly I r .. , 
Tohtol ·:=_ 30 t Nyitot t st'H lyesztet t tdro-

. : 16 tartdlyok ·::Jft1.,;;. · · "A" 
"'1lol · ls t · ·· • ·• ... · · · n a.:·~ .• :. ·. . ';:-,,'1(Jl'·~f .: 

Cikl6hexa11011 lo t I. 'Szezontol. f_ag'g·~~-~.~ mwhodik"I "B" 

Arom..itol loo t 

Propionsav 25 t 

S6sav 50 t 

Xilol 47 t -
37,7 t 
25 t 

Higany 
Mar611.:" t ron lwg ~ ...... \J.l-l 

K611s av l~h> '°" d t 
-

Higany 28 t 
Maron.~ t ro11 1 wg Is t 

Hidrog~11 50 Norm M
3 

-
J<:t!,Hs av 90 t 

-
- I "T- t 

,, 

. 

3 ·~· i 
2 db 300 m -as~ac.tart4ly 

i 1.~ 

b db 25 m3-es Al~.tartaly 

;: ... 
. ' " 

: ' .. , hit 1·;!.· 

3 . ,;, ~ 

1 db. 200 m -es·ac.tart. 

.Techno16giai ~andszerben 
3 db ~o m3-e~ ~~.tart~ly 
1 db s I H • ... } ··'." • - ti -

Techno16giai rettdszerben 
2 db 20 m3-es d~.tartdly 

1 db 50 m3-as gazom6ter 

4 db 2 s m3-as 4116 a<.. tart 

·,' .. ,.. 

"13" 

"ll .. 

••A" 

".E" 

"E .. 

"A" 

"E" 

"E" 

~ __ _....._ ..... 
/ 

/.'' 
I 
I 
I 

0 
I 

...., .. 
> 
:i 
~ 
:z: 
I: 
m z 
-t 
...., 

·~ 

~ 

·f 
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33. 

_.. . ~ ... . ,.. 
' #. , .. " 

,,, ... 
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.saa ·:·/ ') ·: ... 
Mecj ecYI'. , ... ··>·.. • .·: . ., .J f ·It. p~t ~ .t ', . ' I, ' ' 

,;J... . . . .. . • . ... I . . . . . . . ~ 1 · . . .· . . . . . .. 
Yee1a~lyes ... ~;rac aepe"{~z.Sse: ·:. Me:uyis~c• i { •·~a.rel.a~: a6d,j!f-& ':·:.··Jr'.~·.~ .: :;: .:· Mzv. · ··. · 
· ~-~.Jo .,. ., ·~ •. . ., ·'i•JJ ~-· ).~ ~, .. s::·!!'-t.'.\' .. .1.. • ~.:.; .1·,·:\•,-.~ -~. ~• r-~ t.l~.·".'.:r .. ~ -::· .1 ~:: .• ·t ··t·~·· ·J· ·-~·~I•·• ··.~ 1 :-' 'P-;~ 1W :'•i .1 I I Fek •.•.. ·~ ··~ ·r . . . . . -, . 

: , .. 

Csepf~·· kl.6r 
' t : .. r) 

3· 4 db 25 m -as.ac.tqrtd1y1_ 
_,.,,. . .., i..J...{,, 

,, 
so t 

I~ 

(") 

~ 

!1 

I 



- " -· ( ldoszakosm~} \~ -··~ 
......._ I...--- ......,.,/ 

35. Hypo (gyartas)' 

--
36. 56sav ( gyar t as ) P<r-J~k: 

37. 56sav ( rampa ) _s--1<. ·~..-......-(' 

38. Hypo (rampa) 

! 

I 
I 

: 
i Hidrog6ttperoxid 70 ~-os 39. 

- •f -
- It -

40. Maronatron li:fg 
I ~ 

I ' 

-
~ . 

60 t 

:u t 

35 t 

450 t 

180 t 

ls t 
I, 7 t 

5 t 

200 t 

Vaswti tartdly kocsiban 
(..,,.., ,~!~ U• . .../, 

3 db 20 m3-as titantart. 

6 db lo m3-as Mi.iag.tartal} 
. . 

6 db 150 m3-as polidszter 
tartdly 

4 db 50 m3-as betonb616sQ 
: acl!lltartaly 

2 db so m3-as polidszter 
tartaly 

2 db 20 m3-a$ MMag.tartdly 
2 db l,7·m~es It - -

50 lit. Mwag.balonban. 

2 db. 500 m3 ac.tartaly 
1 db 200 m3 - It -

.. 
.. 

. 

:Iii 
m z 
-t 
N. 

~ 

f ,, 
' 
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\ I 
\ - I C2: ATTACHMENT 3 

I 
~ 

I P&IDs AND KEYS FOR PRODUCTION, STORAGE AND SHIPMENT OF i CHLORINE AT BVM 

I 
I 

Translated Titles 

1 New cell room, ventilators and emergency neutralisation. 

I 2 Old cell room and auxiliary fans. -
I 3 Extraction system to hypo plant. 

4 Chlorine washing with water and cooling. 

I 5 Chlorine drying by sulphuric acid. 
,. 

I 6 Sulphuric acid plant. 

' 7 Chlorine compressing and filtering. 

I 8 Chlorine condensation. 

.~ I 9 Chlorine evaporation and distribution. 
'~ ~ ... 

I 
10 Chlorine storage. 

~ ... 
' 11 Chlorine shipment in railcars, crums and cylinders. 

I 12 Padding pressure air supply. 

I 
13 Hypo plant. 

HCI plant. 14 

I • 

I 
I 

•• I ,,,.,,,. 

t T 
,, 4 

-t ' 



.. WC'.19 •• .......... 

• . ~ -
I 

I \ - I 
I 
I 
I 
I 
I -
I 
I 

. 

I 
' 

I 
.. ~ I '~ ~ 

~ I 
I 
I 
I 
I 
I 

f, I 
t ' 

---·-
~y.-- .. --

C2: ATTACHMENT 3 

P&IDs AND KEYS FOR PRODUCTION, STORAGE AND SHIPMENT OF 
CHLORINE AT BVM 

Translated Titles 

New cell room. ventilators and emergency neutralisation. 

Old cell room and aux.iliary fans. 

Extraction system to hypo plant. 

Chlorine washing with water and cooling. 

5 Chlorine drying by sulphuric acid. 

6 Sulphuric acid plant. 

7 Chlorine compressing and filterin 

8 Chlorine condensation. 

9 Chlorine evaporation and distribution . 

10 Chlorine storage. 

II Chlcrine shipment in railcars, drums and cylinders. 

12 Padding pressure air supply. 

13 Hypo plant. 

14 HCI plant. 
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Csatlakozasi pontok es kapcsolt folyaaatabrik 

szamozasa, megnevezese. 

Folyamatirik megnevez~se, szimozisa. 

1 sz. 

_,._. 

'} s--,_,. 

-t. ·---::>~. 

.. . _,._ . 
I) • _,,_. 
I :5..:. 

8. s-
9. ~.;:: . 

Folyamatabra 

Folyamatabra 

l-' 0 l :·;1ma ti:. bra 

Fa L:·amatibra 
Fel ;·:im:_1 Libra 
Fal yamat<.ibra 
Fu 1 :·a ma tab r:i 
Folyar:1atabra 
Fo 1 :-·ama tibra 

Cj cellatermi klorvonal, ventillitorh~z 
\"E~szsemmisi tese. 
Regi cellatermi klcirvonal, tis:::titci rekesz 
me~sz i \·as. 
Sole kif11\·~t~is, Hipo iizerr. s:::iv:i:sa al:1tt 
jllo klortartalmu gazvezetekek kapcsol~sa. 
Kloriiz vizes mosisa, hlit~se. 
Kt-~ns:.:\·as klorsza1· i t;is. 
K~nsavfejtes, tirolas, eloszt~s. 
Kldrgi::: s~rit~se, szUr~se. 

El6r cseppfolycisitis. 
El~t· elosz:~is elparcLlg~.at6.s, au~a:::, ·.-e::•_.
t: ,_; ke k :~~' i'C su l 0i~~a. 

l 'J. :3 .: • F ~J 1 '.· amu t.c-i b ::-a Cseppfulycis klor trirolisa. 
l l 5=. Fol::amatilbra Csepµ:o b·cis kl..Sr t:S l t.isc :- [lrLil ykoc~i t:ia, 

ho rd,) ta. palackba. 
l '.' s:::. F o 1 :-· ama tab r a Le\·egoal lomas. 

. ~7 ,,_. 
~ s:.:. 

Fo 1:-·ama tabra 
Fol•: >lmi:I ~. ;i b r-:1 

Hip6 U2~m, kl6rme~semmi~i~~s. 
So . .;a" i.i::t>mi k.!.on·o:1al 

(3at!nkozcisi pontok megnevezese, s:::~moz~sa: 

I \ 
.}elclesi mod: I C3atlakoz.pont (foly.~bra -> foly.abral ) 

1. 
2. 

( 1 -> .t) 

( 2 -> -l 1 

I I 

Kl6rgaz uj cellaterembol a mos6tornyokhoz. 
Klorgaz re1i cellatermbol a mosotornyokhoz. 

3. (-1 -> l) Kloros viz szaporulat az uj cellatermi jobb oldali 
lparosl hi~ s6le vezet~kbe. 

(~ -> 

,) . 
6. 
I' 

~. (3 -> 

ll Titan hiit5k elfoly6 hiiti:ivize az uj cellatcrmi hidr0-
genhi.itokhi:iz. 

51 Kl6rg~z I. mos6toronyt61 I. turb63zarit6i;. 
5l Kl6rgaz II. mosotoronytol II. turbciszaritoig. 
51 A K~nsav a tarol6parkt61 a klorszarit6 ilzemi napi 

tartal;.·ig. 
61 Kl6rszarit6 Uzcm1 cc. k~nsav napi tartaly tulfoly6 

vezeteke a IV. cc. kensav tarolohoz. 
9. (5 1; Szaritott kl6r a klorszarit6 tizemtol a 

kl6rkompresszorokhoz. 
10. (3 -· 61 Hig k&nsa\ a klorszarit6 tizemi ~yUjtotnrtdlyt61 a hi~ 

kensav t4rol6khoz. 
11. (7 -> 6) Kl6ros k'nsav a klorkompresszorokt61 a hig k~nsav 

tarol6khoz. 
12. (6 -> 71 cc. kensav a tarol6parkt61 az F.kl6r tizemi napi tar

talyhoz. 

\ 
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13. (7 -> 6l F.kl6r iizemi napi tartrily ttllfolyci a IV. cc. k~~sn~ 

1-L ( 7 -· 
1 ;; . ( 7 
li.i . ( 1 

_ .... 

1 I. ( 2 -> 
1 0 ( ~ .L ".J. 

• tl 
l -· . ( ~ 

8) 
9: 
JI 
3 l 
3 l 
3 l 

t.:iralciho:::. 
Komprimalt, sztirt kl6r~dz a cseppfol~6sit6khoz. 
Kumpr im:.i.1 t, s:.:iirt klor~az az eloszt6 szelepfalhoz. 
lT.-~.kl6r ventillit0r h~zb61 a hip6 tizem fele. 
RT. ~al oldali tisztit6 rekesz megszivis. 
RT. jobb olduli tisztit6 rekesz me~szivds. 
PT. khir g-yii.jtotal a hip<l iizem fele Cre~i 
kozvPtl .. :n klur \:e::;etek l hi~ :..;ole tartaly le:;zoinek 
megsz f\·asa. 

~O. (" -· :31 RT. k<52"·~tlen klor\.·ezetf>k h~p6 i.izem fele (ujl 

:: 1. 

23. 

- .. 

::J;, 

., -
' - '·' .. 

~:.:: .. 

". 

··-. . ..,, .... 
.j._ 

•). 
·.> -t. 

'l -
•J;) • 

~) F. • 

J 7. 

33. 

39. 

;o. 
H. 

-l2. 

n. 
H. 
-l 5. 

16. 

.17. 
48. 
49. 

~tlac.:;ony terhelesnel. 
i 1:-~ 3: Klcirfejt~s abgizve=e~eke. 

19 -' 3l F.kl6r tizem abgjzvezet~ke. 
CJ ->131 Hip6 iizem sziv~sa alatt illci ab~~= vezetekrendszer 

t::.;:ll_ l,1h.az<isa ~'\ h ipo tornyokliu:..:. 
: l I-'- .'.: '-).):.,:\\- ii.::1•11ii :_1.b;:i.:- es ~~·fu·.;Jt;) '.'L•:.:ete;. ·.1 Ei;;.) 'i~'.('ffi 

{ ~ 1-· .. "7 \ \":t·~:1n~_J!.tU ('l~):;::tC .:-sat1~·1.ko2.rl.::>1:1 a klc..Jr:..:omp!:e·.: .. ~~.J_:--\)l\. 

' 
~0-. Ii 

' ~Q-:- . ' 
( ~0-' - . 

' 
- . •) ' ., ' 

i ' ) .. 
( ,j 1 l 
I !'-~ -· ) 
! : :~- ·' '.) i 
( 10-> 9; 

( 10-: 91 

( 10-> 9 l 

110-> 9 l 

(10-> 91 

18 -> 1·1 l 

I l u-. 11 ) 

I 10->111 

( 12->lOJ 

I 12-> 1: ) 

( 12->11 I 
( 8 -> 91 

( 8 _., 91 

ClO-> 8) 

( 10-> 9) 
( 9 ->14) 

s::i\·,j a;;a:102. 
I-II. t:irolok \.'E~szme:;szi\·:is C Idei:;lencsen ._iinamikas 
n::c.m:is k > ·~:- e!d it o is. 
D · r::_::n: hi~ kie~:--€-nl i to csat laI~ozas i n~m iizemel l 
r : : - I ;: . !~ .:.~ r c l 15 ... e ·5 ~ m v .; .:> z i •: c..i :-5 i i J e i '4 l e n e 'j e n c! i n ~ m .:. k ~-~ s 
: 1 :··om ::L s k t e g ;.- t • n ::._ i t o i 3 l 
:5i:~<t<'rt i-::..ut· \·~::eteL lefu\·at:is :.1 hi.)..: (:zem fL·le. 
~ :1:.~r-··3 i(.~t .. mLe helyez\·e i 
E £ ~.: i :-5 n s ;_1 \: :J. s .. _.a~ 'Jn 1~:;t1~ !"" ;n.-.: ·..;- :; z i \':is .. 
I. lii·s- kens:n taroic legter mt'gs::i·;a:-;. 
I~. hi4 kensa\· t•irol<.i le~te1· :nf·~sz!.\·<\::;. 
r.s::o:.;;:ab.il:--ozo 1E-gt0rme·.,;szi"·a3. 
I- II. kl6rt.:irolo hasac..h) t<irc:>airiak, biz ton::;,ig i 
szelepeinek lef~vatdsa 
III-I~. kl6rtarol6 hasad6tarcsriinak, biztons<igi 
sze::..epeinek lefuvat.:isa 
~a~ont0lt6vezetek csatlakozasa az elpjrologtatci 
closztohoz. 
I-II. kl6rtarol6 elpdrologta~6 vezetek csatlakozasa 
az elparologtat6 eloszt6hoz. 
III-IV. kl6rtarol6 elparologtat6 vezetek csatlakozdsa 
az elpdrologtat6 eloszt6hoz. 
Abgaz vezet~k az F.Kl6r tizemi rotametert61 a s6sav 
.. I 
ll::Pm.J<>, 

.::- . k 1 j r a kl c rf e j t es h !.! 2 , a I II - I\', kl 6 rt .:i r :J l o t cl. 
\':igon t6 l ti..i \·ezetek cs at 1 <ti.::ozasa a vagon t61 t6 elosz t6-
hoz. 
Prjslevegci aleveg6rillomast61 az F.klrir Uzemi 
klo rLiro l 6khoz. 
Pr~sleve~6 a hord6t6ltcih6z. 
Preslevegci a vagontciltci eloszt6hoz. 
Cseppfolr6sitasi veggaz es I-II.kl6rtdrol6k 
abq.:izvezetekenek csatlukozasa az F.klor Uze~i abgaz 
g:·iij ti..ivezetekbe. 
Cseppfoly6s kl6r a cseppfoly6sit6kt61 az 
usz6szabalyoz6hoz 
I-II. kl6rtarol6k abg6zvezetekenek csatlakozasa 
I1I-IV. kl6rtarol6k abgazvezetekenek csatlakozasa 
Komprimalt kl6r az F.Kl6r tizemi eloszt6t61 a s6sav 
i.izembe. 

• 
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Paratlan otdat 1 etek tot1zalo 

cellasor t 1- 25) 

1(1-4) 

t 
Hig sole szivattyu 

melegt art alekkal 

m_-1v G J- -i-
KLORTARoLO kJ ' I 

EPULET n ·;J 
1 - 11 

KL~RTAROLOO. 
EPULE T • 

• 

'~,·~-· 

J 

- - - - - - - - - - - - -
-- --1 

. 
I 

--. --. ---1 Paras oldali elektol1zalo 

cellasor 11 - 261 

Kemeny 

- . --- . t--, 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

\ 

I 
I 

INDUSTRIAL ACTIVITY: 

H Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

I 
List of CJ Forms Attached 

I No Incident Classification Comment 

I -
1 Liquid chlorine 9 March 1988 Inadequate work systems and 

release operator error 
2 Chlorine release 26 September 1988 Equipment failure and operator 

I 
error 

3 HCI release 20 September 1989 Equipment failure 
4 Chlorine produced 31 December 1989 Operator error 

I in reaction 
5 Chlorine release 31 January 1990 Equipment failure and operator 

error 
,. 

I 6 Liquid chlorine 5 November 1990 Operator error 
release 

\ 7 Cylinder explosion 14 November 1990 Operator error 

I 8 Chlorine inhalation lOJune 1991 Inexperienced worker 
9 Chlorine inhalalion 24 August 1992 Operator error 

\\.' I '~ 

L. I 
teVJ.~OD Histo ry 

Date Issue Comments 

I 16/2/93 1 First issue prepared by SRO 

I 
/f 

I 
, 

Signature: , , /Y/"'-._ Prepared by: B Blackbum 

I 
I 
I I DRAFT c ~ 1993 AEA Technology 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIA:.. ACTIVITY: 

H Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Nature of the history investigation 

The plant history was investigated by examining the incident records from the BVM 
Electrolysis Workshop for the years 1988-92 inclusive. The forms searched are called 
"Occupational Accident Repon Forms,. which are required to be completed as a resull 
of regulations brought into force in 1987. The search was restricted to the chlorine 
plant, and as a result did not include the repon of the explosion in the organics plant 
in January 1992. 

Brief descriptions of the events occurring during the five year period are given. 

Funher investigation - of incidents in other areas of the site, or of reliability issues 
was not undenaken . 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DA TE: 16/2/93 

EVENT: Liquid Chlorine Release, 9 March 1988 

Source: BVM Electrolysis Workshop 

Date information collected: 19 January 1993 

Does documentation exist'? Yes 

Date or period of incident: 9 March 1988 

Description of incident: 

Insufficient oxygen in breathing apparatus. HCl plant. 

Pipework opened for repair of leak was not empty of chlorine. including significant 
liquid chlorine. because distant organics plant had not notified electrolysis plant when 
they turned off valve. Chlorine breakthrough from boiling in the hypochlorite plant 
plus funher pipe fracture caused by cold liquid chlorine in HCl plant led to funher 
loss of chlorine. 

Cause of incident: 

Poor communications between plants: poor procedure prior to maintenance. 

Type and category of incident: 

Operator e"or I loss of containment I personal injury. 

Potential safety implications (on- and off-site): 

Serious injuries on site. 

Potential environmental implications: 

Minor 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DATE: 16/2/93 

EVENT: Liquid Chlorine Release, 9 March 1938 

Action taken: 

I Tighten procedures (communications among planls). 
2 Notify protective equipmLnt maintenance firm re fault. 
3 Wider availability of PPE through plane. 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 2 I 1sSUE: 1 I DA TE: 16/2/93 

EVENT: Chlorine Release, 26 September 1988 

Source: BVM Electrolysis Workshop 

Date information collected: 19 January 1993 

Does documentation exist? Yes 

Date or period of incident: 26 September 1988 

Description of incident: 

Chlorine compressor cur our. As a result chlorine leaked into cell room. Injured 
party donned gas mask and off-gassed to hypochlorite plant. While opening valve, 
the man inhaled chlorine. despite mask (unfamiliarity with mask). 

It is not clear if the cells shut down automatically as intended 

Cause of incident: 

Chlorine compressor had no back-up power. Man unfamiliar with gas mask. 

Type and category of incident: 

Plant failure/loss of containment/personal injury. 

Potential safety implications (on- and off-site): 

Possible serious injury to workers. 

Potential environmental implications: 

None 

Action taken: 

I Backup generator on order 
2 Funher training/drill in use of gas masks. 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

\ 

I INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

I 
NUMBER: 3 j 1SSUE: 1 I DA TE: 16/2/93 

I EVENT: HCI Release, 20 September 1989 

I Source: BVM Electrolysis Workshop 

I 
Dace infonnation collected: 19 January 1993 

Does documentation exist? Yes 

I Date 01 period of incident: 20 September 1989 

I Description of incident: 

~ ,,. HCl storage tank split, complete contents of JO m1 33% HCl spilled. No injuries. 

I Cause of incident: 
\ 

I Material failure (fatigue in stiffening member). 

I 

I ·~ \~ 

' 
Type and category of incident: 

Loss of containment. 

~ I Potential safety implications (on- and off-site): 

I 
Serious hazard to employees from HCl release. 

Potential environmental implications: 

I Possible discharge into drains system causing pollution 

I 
Action taken: 

Tank repaired 

I 
I 
I 

t 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 4 I 1sSUE: 1 I DA TE: 16/2/93 

EVENT: Chlorine Produced in Reaction, 31 December 1989 

Source: BVM Electrolysis Workshop 

Date information collected: 19 January 1993 

Does documentation exist? Yes 

Date or period of incidem: 31December1989 

Description of incident: 

Hypo drained into line containing acid (from earlier planned release from Organic 
"B" plant) leading to chlorine evolution. The release should have gone into alkaline 
drain. 

Cause of incident: 

Type and category of incident: 

Unintended chemical reaction/toxic gas evolution. 

Potential safety implications (on- and off-site): 

Danger to site personnei from chlorine. 

Potential environmental implications: 

None 

Action taken: 

l Hypochlorite storage/buffer capacity increased. 
2 Improvement of drain line control system. 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 5 I 1sSUE: 1 I DA TE: 16/2/93 

EVENT: Chlorine Release, 31 January 1990 

Source: BVM Electrolysis Workshop 

Date information collected: 19 January 1993 

Does documentation exist? Yes 

Date or period of incident: 31 January 1990 

Description of incident: 

Liquid chlorine from a filling point was routed via the off-gas line into the old eel/
room. One worker inhaled before putting on mask. 

Cause of incident: 

Faulty valve. 

Type and category of incident: 

Equipment failure I toxic gas I personal injury 

Potential safety implications (on- and off-site): 

Danger to site personnel from chlorine. 

Potential environmental implications: 

Minor 

Action taken: 

Valve replaced 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 6 I 1ssuE: 1 I DA TE: 1 6/2/93 

EVENT: Liquid Chlorine Release, 5 November 1990 

Source: BVM Electrolysis Workshop 

Date information collected: 19 January 1993 

Does documentation exist? Yes 

Date or period of incident: 5 November 1990 

Description of incident: 

Following an operation by the previous shift to purge the railcar loading manifold, 
several valves had been left in an inco"ect configuration and a blanking plate 
insufficiently secured. This was not checked by the next shift prior to a tank transfer 
operation and consequently there was a liquid chlorine leak from the railcar loading 
point, and liquid chlorine was drawn to the compressor. This led to loss of suction 
and chlorine release in the cell rooms as well. Two workers were hospitalised for 48 
hours. 

Cause of incident: 

Coincidental e"ors by 2 operators - inco"ect procedure: failure to check valve 
settings. Impact aggravated by failure to don gas masks - out of reach. Relatively 
inexperienced operators. This was exacerbated by complex plant and safetj systems 
not designed for this type of incident. 

Type and category of incident: 

Operator e"orslloss of containment/inhalation of toxic gas/personal injury to 
workers. 

Potential safety implications (on- and off-site): 

Liquid chlorine release - potentially fatal near point of release (within tens of metres). 

Potential environmental implications: 

Minor 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 6 I 1sSUE: 1 I DA TE: 16/2/93 

EVENT: Liquid Chlorine Release, 5 November 1990 

Action taken: 

I Tutorial re incident for all staff of chlorine plant. 
2 Correct procedure re-emphasised (as set down in operating instructions). 
3 New procedure: changing shift during process, valve positioning to be recorded in 

shift log. 
4 Three employees reprimanded. 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 7 I ISSUE: 1 I DA TE: 16/2/93 

EVENT: Cylinder Explosion, 14 November 1990 

Source: BVM Electrolysis Workshop 

Date information collected: 19 January 1993 

Does documentation exist? Yes 

Date or period of incident: 14 November 1990 

Description of incident: 

Two chlorine cylinders, contaminated by off-site user's waste water, overheated. One 
exploded on a lorry off-site en route to safe disposal. Bottle flew 60 m. BVM 
employee did not check cylinder weight before filling with chlorine. 

Cause of incident: 

Incorrect installation by user (no buffer vessel between cylinder and water to be 
treated). User's day log unclear on cylinder weights, dates of change overs. There 
had been previous incidents of water in cylinders from this user, who had had 
warnings. 

Type and category of incident: 

F.xplosionlmanagement failures/operator e"or. 

Potential szr!ty implications (on- and off-site): 

Serious danger to site employees and the public. The incident caused a severe danger 
both from explosions (missile production etc) and of toxic release. On-site, the 
explosion could have caused junher escalation. 

Potential environmental implications: 

Minor 

I DRAFT c ~ 1993 AEA Technology 

\ 

I 

t 
\. 

r 
I' 

.. 



'29*' r - ---

• 1! • 

•• I \ - I 
I 
I 
I 
I 
I -
I 
I 

,. 

I 
I 

\\.' I \~ 
~ 

~ I 
I 
I 
I 
I 
I 
I 

t T 
; 

--- - . ---t-

OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

Production, Storage and Shipment of Chlorine at BVM 2 
NUMBER: 7 I 1sSUE: 1 I DATE: 16/2/93 

EVENT: Cylinder Explosion, 14 November 1990 

Action taken: 

I No chlorine to be sold to user until his set up complies wilh regulations!BVM 
instructions. 

2 Filling operator reprimanded. 
3 New procedure: tare checked on receipt of empty cylinder from customer. (However, 

we were told that procedures for non-empty cylinders depended on their contents 
being either chlorine or water.) 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 8 I ISSUE: 1 I DA TE: 16/2/93 

EVENT: Chlorine Inhalation, 10 June 1991 

Source: BVM Electrolysis Workshop 

Date information collected: 19 Jamuuy 1993 

Does documentation exist? Yes 

Date or period of incident: 10 June 1991 

Description of incident: 

Man inhaled chlorine through gas mask. co"ectly worn. while making adjustment to 
chlorine cell. Due co inexperienc •. adjustment took longer than planned. 

Cause of incident: 

Worker it.experienced (training/supervision/inadequacy of protective equipment?) 

Type and category of incident: 

Personal injury (management failure). 

Potentic&l safety implications (on- and off-site): 

Personal 

Potential environmental implications: 

None 

Action taken: 

None 
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OUTLINE SAFETY DOCUMENT C3 INSTALLATION HISTORY 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 9 I 1ssuE: 1 I DA TE: 16/2/93 

EVENT: Chlorine Inhalation, 24 August 1992 

Source: BVM Electrolysis Workshop 

Date infonnation collected: 19 January 1993 

Does documentation exist? Yes 

Date or period of incidem: 24 August 1992 

Description of incidem: 

Power failure to old cell room. Incoming brine displaced chlorine. Workforce 
donned masks and exited. Power returned. Man went in to check if all equipment 
functioning. Phone went, so he took off mask to answer it. lnha/.ed chlorine. 
Emergency power cut in as designed, but only coped with critical items. It is not 
meant to prevent localised chlorine releases. 

Cause of incident: 

Human e"or. 

Type and category of incidem: 

Operator e"orlhuman injury. 

Potemial safety implications (on- and off-site): 

Danger to op:!rator. 

Potential environmental implications: 

None 

Action taken: 

Reinforcement of requirements to retain mask in place. 
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OUTLINE SAFETY DOCUMENT D MANAGEMENT SYSTEM 

. I INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

I NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2i93 

I 
Attachment List 

I No 
No Title ID Issue Pages Comment 

I -
I 

I Organisation chart 2 Drawn up from 
information provided 

I 
,,-

I 
I 

\\.' I \~ 
'\ 

Revision History 

Date Issue Comments 

~ , I 16/2193 l First issue by SRD 

I 
I 
I • 

I 
I Prepared by: B Blackbum Signature: Date: I J / f "J 
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OUTLINE SAFETY DOCUMENT D MANAGEMENT SYSTEM 

INDUSTRIAL ACTIVITY: 

2 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DATE: 16/2/93 

Information relating to staffmg 

Provide an organisation chart for the management of the industrial activity: 

Chan appended - Attachment 1 

What are the arrangements for initiating on-site emergency plans? 

A new Site Emergency Plan has been published (see C2) but is as yet untried. The 
sit:! a"angements such as control rooms. communications and siren warning system 
are considered inadequate. 

Initiation of the emergency alarm is through the .>ite dispatcher office. The initial 
respor.sibility rests at the plant level. 

No emergency exercise has been carried out since 198611987. 

What are the arrangements for initiating off-site emergency plans? 

The emergency plan requires local authorities to be alened. Civil defence, police, 
fire and ambulance. This is done by the site dispatcher. 

The local authorities have not been involved in exercising the new site emergency 
plan. 

The status of local authority a"angements is not known 
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OUTLINE SAFETY DOCUMENT D MANAGEMENT SYSTEM 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Information relating to administrative control systems 

Provide a summary (based on form 02) of the administrative control systems used to achieve 
engineering control. operational control and contro! .:>f materials and their inadequacies: 

There are many control arrangements in place covering engineering, operational and 
material safety management: 

Maincenance schedules 
Safe working procedures (fire, confined spaces. hazardous areas) 
Safety control of modifications 
Incident reporting and investigation 
Operating instructions for safety sensitive tasks 
Maintenance instructions for safety sensitive tasks 
Safety directory 
Emergency Plan (1993 recently written) 
Inventory of hazardous materials 
Hazardous material accountancy 
Training, authorization and re-examination procedures 
Computerised training records 
Contractor training and control 
Safety inspections by both Management and Safety Department 
Hazardous chemical transport procedures - western system being adopted. 

There are a number of inadequacies identified: 

I The Emergency Plan has not been actively put into use as yet. No training or 
exercising has been undertaken since 198611987. The emergency facilities, 
control rooms, communication, etc are inadequate to cope with an emergency. 
Consideration needs to be given to the site emergency alert system to 
differentiate between different types of emergency which may require different 
responses. 

2 Operating instructions are 'general' in nature. These require to be re-written 
in a more specific fonn - particularly for hazardous operations. 

3 Maintenance instructions need to be more widely used; they are cu"ently 
limited in number. 
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OUTLINE SAFETY DOCUMENT D MANAGEMENT SYSTEM 

INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

4 The Safety Directory requires a review, and needs to be pUl into a more 
adaptable ring binder form to ease revision. 

5 There are no BVM written requirements for environmental control. Since the 
company has received a number of fines for breaches of environmental limits, 
this area of control should be improved and documented. 

6 A more formal approach to the design process is required with the inclusion 
of Risk Assessment and Quality Assurance. 

7 'The intent to adopt the Western style system of transpon safety for hazardous 
substances should be progressed and implemented fully, and staff should be 
trained in its application. 

8 'The cu"ent action to implement quality assurance to ISO 9000 should be 
applied to the plant safety management system. 
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OUTLINE SAFETY DOCUMENT D MANAGEMENT SYSTEM 

INDUSTRIAL ACTIVITY: 

5 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Inf onnation relating to training 

Provide a summary (based on form 03) of the arrangements (and their inadequacies) which 
are in place to ensure all staff receive appropriate training for the safety aspects of their jobs: 

All staff are trained and authorised to carry out their duties from Directors 
downwards. 

Wrinen tests are given and pass rares of 75% for workers - and 95% for managers -
are required. 

Retraining and assessment takes place every 4 years . 

The system is well documented, and training resources are provided, and there is a 
training school on site. 

The system appears to be comprehensive. However, in looking at causes of incidents 
a major common factor is operator e"or. 

It would be wonhwhile to review the adequacy of training bearing in mind the 
incidents caused by operator e"or. On job training may need to be improved. 

We have suggested improving operating instructions. 
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OUTLINE SAFETY DOCUMENT 01 STAFF INFORMATION HEADER 

\ 

I INDUSTRIAL ACTIVITY: 

H Production, Storage and Shipment of Chlorine at BVM 

I NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

I 
List of DI Fonns Attached 

I No Job Title Comment 

I Technology Leader (A) 

I -
2 Shift Leaders 
3 Workshop Lerder 

I 
4 Technology lt.'c;der (B) 
5 Technology Leader (CJ 

I 
. 

I 
\ 

I ., 
I \~ 

~ • 

\ I Revision History 

I Date Issue Conunents 

16/2/93 1 First issue by SRO 

I 
I 
I 
I Prepared by: B Blackbum Signature: Date: I 1 '11. 
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OUTLINE SAFETY DOCUMENT 01 STAFF INFORMATION 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DATE: 16/2/93 

JOB TITLE: TECHNOLOGY LEADER (A) 

Name of current job-holder: MR FERENC PUHR 

Repons to (job title): MR MOLNAR 

Deputising arrangements: 

Any of the ocher cn.·o Technology Leaders. 

Safety responsibilities: 

Cell Halls responsibility for operation. 
Preparation of salt solution. 
Caustic soda filtering department (mercury cleaning). 

Safety related decision making: 

Responsible for safe operation of the above plane areas. 

Qualifications and training: 

Qualified Chemical Engineer. 

Experience: 

Technology Leader in pharmaceutical factory 10-15 years. 
Appointed 1991. 
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OUTLINE SAFETY DOCUMENT 01 STAFF INFORMATION 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 2 I 1sSUE: 1 I DA TE: 16/2/93 

JOB TITLE: SHIFT LEADERS 

Name of current job-holder: FIVE SH/Fr LEADERS APPOINTED 

Repons to (job title): TECHNOLOGY LEADERS 

Deputising arrangements: 

Any of the other Shift Leaders. 

Safety responsibilities: 

Safe Plant operation on a shift basis. 
Authorization of safe working procedures on the plant on a shift basis. 

Safety related decision making: 

On a shift basis he makes decisions on plant safe operations. 
Authority to shutdown plant if unsafe. 

Qualifications and training: 

Must be a qualified "skilled worker" having attended training after secondary school. 
Minimum of 5 years' experience in the chemical plant. 

Experience: 

See above 
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OUTLINE SAFETY DOCUMENT 01 STAFF INFORMATION 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 3 I 1sSUE: 1 I DA TE: 16/2/93 

JOB TITLE: WORKSHOP LEADER 

Name of current job-holder: 

Repons to (job tide): 

Deputising arrangements: 

MR GYULA MOLNAR 

HEAD OF PRODUCTION FLECTROLYSIS 
WORKSHOP 

Technology Leaders will depurise in Mr Molnar's absence from sire. Technology 
leaders are rrained and aurhorised re fulfil rhe depury role. 

Safety responsibilities: 

Overall responsibiliry for safery of operarions of rhe Elecrrolysis Workshop. 

Safety related decision making: 

Decides safe operarional acrions. 
Aurhoriry to iniriare planr shurdown in unsafe siruarions. 
Production of safery operaring procedures. 

Qualifications and training: 

Qualified Chemical Engineer - Hungarian Technical University Trained and 
aurhorised l1y BVM under their com:ietence requirements. 

Experience: 

5 years' experience ar BVM prior ro appointment. Appointed in 1990. 
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OUTLINE SAFETY DOCUMENT 01 STAFF INFORMATION 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 4 I 1ssuE: 1 I DA TE: 16/2/93 

JOB TITLE: TECHNOLOGY LEADER (B) 

Name of current job-holder: MR ISTVAN SZABO 

Repons to (job title): MR MOLNAR 

Deputising arrangements: 

Any of rhe ocher rwo Technology Leaders. 

Safety responsibilities: 

Chlorine Drying Workshop ) 
Chlorine Liquidisation Workshop ) 
Sodium Hypochlorire Workshop ) 
Hydrochloric Acid Workshop ) 
Chlorine filling acriviries ) 

Safety related decision making: 

Responsible for 
Safety of Operations 
in these areas. 

Decides on safe operational acrions in the above Workshops. 
Producrion of safery operating procedures. 
Aurhoriry to shutdown planr if unsafe. 

Qualifications and training: 

Qualified Chemical Engineer. 

Experience: 

Technology leader for 20 years in BVM. 
Appointed in 1990 ro this post. 

I DRAFT c o 1993 AEA Technology ] 

\ 

• 
t 
1 

"' 



.. 3§1•· 
p - -

• a! .. 
-1 

I 
' - I 

I 
I 
I 
I 

... I 
I 
I 

/ 

I 
' I 
(,/ 

·~ 1 I 

" I 
I 
I 
I 
I 
I 
I 

t 
?' 

; 

__ z __ -·-. -- ~ 

OUTLINE SAFETY DOCUMENT 01 STAFF INFORMATION 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 5 I 1ssuE: 1 I DATE: 16/2/93 

JOB TITLE: TECHNOLOGY LEADER (C) 

Name of current job-holder: MR ANDRAS VARGA. 

Repons to (job title): MR MOLNAR 

Deputising arrangements: 

Any of the other two Technology Leaders. 

Safety responsibilities: 

Sodium Hydroxide Distribution Control and Transpon. 
Hydrochloric Acid Distribution Control and Transpon. 
Sodium Hypochlorite Distribution Control and Transpon. 
Hydrogen Peroxide Distribution Control and Transpon. 

Safety related decision making: 

Decision on safe distribution of the above chemicals - packaging and transpon. 

Qualifications and training: 

High School Chemical Qualification. 
Control of Chemical Processes. 
Trained and aulhorised by BVM under their competence requirements. 

Experience: 

Work in Maintenance Depamnent of BVM. 
Appointed in 1992. 
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OUTLINE SAFETY DOCUMENT D2 CONTROL SYSTEMS AUDIT 

\ 

I 
INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

I NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

I Attachment List 

I No 
No Title ID Issue Pages Comment 

I 
None 

I 
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I 
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I 
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·~ I '~ 

Revision History 

Date Issue Comments 
• 

~ I 16/2/93 1 First issue by SRO 

I 
I 
I 
I 
I 

I Prepared by: B Blackbum I Signature: t/ (f.i; I Date: '/7/f7. I 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Engineuing Control 

Control of Design 

Is the design process set up to: 
a Ensure that the technical objectives are achieved? 
b Identify stages of the process where checks are required? 
c Provide a specification for safety requirements? 
d Identify and accommodate commissioning and maintenance requirements'? 

No written procedures - relies on experience and communication of staff. 
A procedure is required to control the design process. 

Is use made during design. commissioning, maintenance and modification of hazard 
identification and assessment techniques such as: 

a Hazard and operability studies (HAZOP)? 
b Hazard analysis (HAZAN)? 
c Failor: Mode and Effects Analysis (FMEA)'? 
d Fault trees and event trees'? 
e Reliability assessments? 
f Task analysis and installation procedures? 

No requirement for formal risk assessment - assessment based on experience. 
The used of formal assessment needs to be written into the procedures. 

What standards, codes etc are used in the design process? 
a Hungarian, other European, US or international standards? 
b Company engineering and design standards? 
c Company codes of practice? 
d Competent authority (regulator) guidance notes? 

Use Hungarian standards in design . 
.Vo established company codes and standards. 
Regulatory and standards office combined - no specific guidance established by the 
regulatory bodies. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INCUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Do company directives anJ guidance define suitable construction or modification 
requirements. including: 

a Preparation of work schedules and method statements? 
b Testing and inspection during installation? 
c Approval of test results? 
d Safety assessment of modifications during construction? 
e Handover procedure prior to commissioning? 
f Monitoring. recording and reporting requirements? 
g Material certificates and treatment records? 
h Quality assurance requirements? 

Personnel safety document defines handover procedure for safe working and 
declaration made in form of handover that repairs are carried out to Hungarian 
standards. 

JI odifications considered to have safety significance are assessed by jury prior to 
construction. and prior to opera:ion. and a documented handoi•er prepared 
A re-appraisal of the proadure to improve assignment of modification category 
would be appropriate. 
Currently the workshop leader decides. 
Safety directory contains requirements for new equipment. 

Control of Maintenance, Inspection and Testing 

Are routine maintenance requirements formally identified and schedules produced for each 
plant item? 

2 week outage/year 
Some routine maintenance is ca"ied out during operations on equipment that can 
he released 
New items replace i"eparable plant. 
Maintenance schedules exist mechanical statutory items are checked to statutory 
requirements, but a large degree af maintenance (mechanical) is breakdown 
maintenance. (Finance is a problem - spares costs.) 
The maintenance schedule is prepared and administered by the workshop leader. 
7 he system is paper based and cumbersome. 
A change to computer systems and the development of a planning department would 
release workshop leaders to spend more time on plan: operatic"lal management. 
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OUTLINE SAFETY DOCUMENT D2 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Is "safety critical" maintenance, inspection and testing identified and are sufficient 
safeguards employed for: 

a Work with potential lo damage plant? 
b Work on safety related equipment? 

Wrillen procedures for work in dangerous areas, permit its work system is in place. 

No detailed maintenance procedures to cover all plant. 

Safe working instructions do exist. 

Are written procedures in place for the safe handover aud hand-back of plant between the 
operator and maintenance staff? 

Labour safety department controls safe working and inspects safety precautions 
applied on the plant. 

There is a permit to work procedure which requires operator permission prior to 
work. and handback after work. 

Are records kept of maintenance, inspection and testing carried out and are any problems 
encountered analyzed to: 

a Improve procedures? 
b Identify training requirements? 
c Initiate incident investigations? 
d Identify incomplete maintenance? 
e Record variations to the maintenance procedure? 

Records kept of statutory inspections - pressure equipment etc, but other equipment 
not recorded It is unlikely that analysis can be ca"ied out formally with the 
systems in place at present. Finance is a problem in plant facilities. 

No comprehensive plant records systems. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

5 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 l DA TE: 16/2/93 

Are arrangements in place to ensure that the programmed completion of routine 
maintenance is monitored to identify and correct any maintenance. inspection and testing 
backlog? 

No formal monitoring system in place - overshoot of maintenance periods can occur. 

Workshop leader controls the issue of maintenance work from the schedule_ 

Are statutory maintenance requirements recognised and is compliance ensured? 

It was stated that statutory maintenance requirements are complied with and records 
maintained - pressurised systems quoted as a typical example. 

Are Permit-To-Work (PTW) methods/procedures for controlling hazardous work 
implemented where maintenance and construction work is performed? 

This is a requirement of the labour safety directory. 

Is there a procedure by which personnel are made aware of their responsibilities under the 
hazardous work procedure? 

Labour safety directory states the requirements. 

Staff with safety responsibilities are tested at periods of 4 years - dependent on 
responsibilities. 

Have all the requirements for specialised safe working procedures been assessed? 

This has been addressed for particularly dangerous areas. Not identified that this 
is comprehensively covered in some form of listing of these areas. 

Are procedures applied to control the use of safety critical tools and equipment such as: 
a Blanks, spades and disabling devices? 
b Lifting tackle and cranes? 

a Control of spades has given problems - control is by the maintenance leader 
noting in the diary - tighter control would be appropriate. 
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OUTLINE SAFETY DOCUMENT D2 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

6 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DATE: 16/2/93 

b Only authorised and examined staff can carry out lifting operations and 
operate cranes. 

Are acceptance criteria included in maintenance and installation procedures? 

Statements are required at handover that maintenance has been carried out to 
Hungarian standards. 

No formal acceptance criteria are issued. 

Control of Modifications 

Are safety assessments carried out to look at the effect of modification on the plant and 
how such modifications aff e\:t the as-built design safety? 

a Are modifications categorised? 
b What assessment methods are employed for modifications? 
c How and by whom are modifications categorised? 
d Are checks made to ensure that the assessment requirements are being 

applied correctly and the modification procedure applied strictly . 

a 

b 

c 

d 

Plan is written, and a jury is formed - if the jury approves - the modification 
is implemented - Protocol signed. Only the areas or workshops are 
classified in Hazard categories. 
Discussion and assessment by the jury. Leader of safety dept, Director of 
Production, Technical Director, Workshop Leader, Electrical Department 
Leader Machinery Department Leader. 
The workshop leader initially decides how the modifications will be assessed 
- by jury or others. A procedural document for this process exists. 
The jury assesses the modification on completion prior to operation. 

Does the safety assessment process include the implementation stage of modifications as 
well as the operational stage? 

Yes - the installation information package is submitted to the jury for assessment. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

7 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: NIA I 1sSUE: 1 I DA TE: 16/2/93 

Is formal authority and approval required in the procedure before commencement of the 
proposed work? 

Protocol is required to be signed by the jury. 

Is a procedure used to control the handover of modified plant between those responsible for 
the modifications and those who controVuse the modified plant and does it include 
authorization and approval of any concessions? 

The authorization and control of concessions is at the workshop leaders discretion. 
Not referred back to jury. 

Committee formed to check paperwork and carry out site inspection (Jury members) 
before approval for operation. 

Are drawings. procedures and training programmes updated as part of the modifications 
procedure? 

Update of a'iSociated paperwork and training requirements are considered in the 
modification procedures. Sometimes modification procedure not applied in cases 
where it should be. 

A tighter control of the modification procedure is required. 

Is guidance provided for all those involved regarding the use of a modifications procedure? 

There is a procedure written on how modifications must be addressed, workshop 
leaders are aware there is no evidence of formal training in procedure. 

Are quality assurance procedures applied to the design process for: 
a Setting company design standards? 
b Auditing against those standards? 
c Identifying and implementing required corrective actions? 

Hungarian design standards for equipment are set. 
BVM have not declared QA procedures. but we understand this is being addressed. 
Work is carried out to regulatory standards. 
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OUTLINE SAFETY DOCUMENT D2 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

8 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Does the commissioning (of new plant) procedures provide rigorous control including: 
a Approved and witnessed commissioning schedules? 
b Approval of procedures and operating instructions? 
c Approval requirements at identified stages? 
d Safety approval of modifications during commissioning? 
e Monitoring. recording and reporting requirements? 
f Handover procedure prior to operations? 
g Quality Assurance requirements? 

All the abo\•e are not ful(v in place. In the application of Quality Assurance. the 
above list should be written into the procedural requirements. 

Are methods used to register and update drawings etc so that: 
a Drawing originals are retained at one central location? 
b Superseded copies are destroyed? 
c There is a current list of persons issued with drawings? 
d Unique numbers are issued and copies are controlled? 

a Originals retained in Technical Planning department. other copies in 
operators department, ./ copies. 

b Yes 
c Yes 
d Yes 

Are design safety reviews and enginr,ering reviews held at appropriate points in the design, 
construction and installation of a new facility or modification? 

a Aie checklists used to prevent missing out important safety considerations? 
b Is a range of disciplines involved in the review? 

Yes. The regular inspections by managers cover modification work to systems. 

Design safety and engineering reviews are not a formal requirement. 

Is the effectiveness of the engineering and design features of the system adequately 
demonstrated against company safety standards? 

a Are there relevant design policy statements? 
b Are details of al: significant changes recorded? 
c Is auditing and feedback incorporated into the system? 
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OUTLINE SAFETY DOCUMENT D2 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

9 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DATE: 16/2/93 

There is a requirement that design complies with Hungarian standards. 

Inspection of the process does take place. but not formal QA auditing. 

Changes are recorded. but there are no design policy statements for BV,"\tl 

Control of Operations 

Are company and depanmental guidelines used to identify what procedures are required for 
normal and abnormal operations. and emergencies'? 

For normal operations. procedures are in place. These are very general. and moves 
are in hand to introduce equipment numbering and re-write procedures. 

Some abnormal operations procedures written. The shift supervisor must be 
informed of any abnormal occurrence (shift supervisor covers all shifts). If the 
abnormal situation requires repairs to be ca"ied out. he will decide to shut down 
or bypass. Ei.•ent recorded in log - both maintenance and operators record this, and 
daily meeting discusses this. 

On site emergency plan has been written, offsite emergency plan not yet formalised 

Are the results of hazard analyses, new legislation, incident investigations and monitoring 
used as an input to identify and modify operating or other procedures? 

Where incidents indicate the requirement for modification to plant or operating 
procedures, an action list is produced and target dates set - usually very tight, and 
action checked. 

Environmental protection department and Health and Safety departments are 
responsible for informing departments of new legislation requirements - government 
grants are provided for this. 

No formal hazard analysis, done by experience and practice. 

Monitoring by senior staff and worker protection department may require actions 
to be taken to modify procedures. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

10 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Are there formal safety assessed procedures for all normal plant and equipment operations? 
Are documentation systems controlled: 

a Are suitably qualified and experienced persons selected to develop and 
improve procedures? 

b Are all procedures and instructions subject to a formal check and review 
process? 

c Are all documents periodically reviewed? 
d Are all operational procedures registered and subject to controlled issue? 
e Are all copies of superseded procedures withdrawn and destroyed? 

a Technical director is ultimately responsible. There is a design section but 
overloaded. Operational plant management write the procedures. 

b Procedures checked by various technical support departments. Health and 
Safety, chemistry etc as appropriate - worker protection (Department) are 
responsible. 

c Yes - checked every year since last year. 
d Not previously ca"ied out. but is being introduced. 
e As answer d. 

Do the company directives and guidance for operational facilities clearly identify the safety 
requirements, including: 

a Formal emergency procedures and exercises? 
b Safety approved operational procedures and rules? 
c Approved and acknowledged operating instructions? 
d Formal maintenance schedules and procedures? 
e Safe systems of work which are to be used? 
f Monitoring, recording and reporting requirements? 
g Procedures for accounting/control of hazardous substances? 
h Waste monitoring and discharge requirements? 

There are procedural requirements for all the above. The adequacy of these 
procedures was not checked in detail, but in the annual reviews. plant management 
consider this. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

Production, Storage and Shipment of Chlorine at BVM 1 1 
NUMBER: N/A I issue: 1 I DA TE: 16/2/93 

Are systems in place for the reporting and investigation of any abnormalities, malfunctions, 
etc? 

There is a requirement to report unusual occurrences and 'near misses' - these are 
investigated as per incidents. 

Plant occurrences are recorded in a diary - descriptions of the occurrences etc by 
the operator. Workshop leader also records this in his log. The cause of 
occurrences is investigated by the shift team. 

Are the procedures for the shut down of plant or process in the event of an emergency 
adequately promulgated and displayed? 

Procedures are written for key shutdown operations and operators are trained to 
perform them. 

Control of Emergencies 

Are staff aware of written company guidance on what emergency arrangements are 
required, and the procedures for implementing them? 

There are some emergency operating instructions. 

An emergency plan is written, but staff have not yet been trained and no exercises 
have been carried out since 198617. 

Arrangements for segregation of alarms to define the type of emergency are 
required, eg fire, gas release, etc. 

Action is required to write, instruct, implement and practice these a"angements. 

Do local arrangements exist for communications with external authorities, the media, and 
the public, in the event of a major emergency, and do they include control of statements, 
etc? 

There are arrangements for communications. However these are inadequate. 
Consideration needs to be given to control centre equipment and staff duties. If a 
major release occu"ed now, the system could not cope. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

1 2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Local authorities etc - need to develop their detailed plan. and practice this in co
operation with the plant. 

Are management promptly informed of all significant incidents or emergencies. as part of 
a formal information procedure? 

There is a contact list in the emergency plan and management are to be informed 
in the event of a major incident or emergency. They are required to a11end and take 
control. 

Do emergency procedures address all accident scenarios required by legislation and those 
identified in the hazard assessments? 

There arc no formal hazard assessments. 

The instntctions and alarms to site personnel do not differentiate between the types 
of emergency. This needs to be tackled 

An asses.'iment of possible accident scenarios needs to be ca"ied out. 

Are emergency procedures practised and assessed by holding: 
a Routine emergency drills? 
b Periodic large scale emergency exercises? 

No - no exercise has been ca"ied out since 198617. 

Do practices involve all employees and contractor's staff present during the time of the 
emergency exercise/drill? 

No. 

Are large scale exercises programmed, which involve emergency and rescue services and 
all employees and contractors· staff present. to provide a realistic test of the envisaged 
procedure? 

.Vo - this needs to be developed 
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OUTL;NE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

1 3 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Are the results of exercises recorded. analyzed and utilised? 

No exercises, hut this should be done in future in the form of a review meeting of 
key emergency staff and observers. Inadequacies noted during the exercises should 
be identified and arrangements improved accordingly. 

Is specific emergency training provided for: 
a Permanent staff? 
b Contractors? 
c Emergency services? 
d Visitors? 

No - This needs to be properly addrr!ssed 

Are the emergency procedures reviewed at a suitable frequency? 

A recent emergency plan has been lltTitten, but not yet put into action . 

Quality assurance introduction should require regular reviews in future . 

Is the provision of emergency equipment such as emergency lighting, fire-fighting 
equipment. breathing apparatus and emergency egress equipment reviewed to ensure 
adequacy: 

a Periodically on a regular basis? 
b In the event of modifications to plant? 
c With regard to technological advance? 
d Against changes of legislation? 
e As a result of incident investigations or analysis? 

Emergency equipment is regularly inspected. however there is no wrillen 
requirement to carry out formal reviews at intervals of the adequacy of the 
equipment with regard to legislation or technological advance. 

Are emergency response teams provided and are they suitably trained to perform their 
required duties of: 

a Fire fighting? 
b Rescue of persoMel? 
c Adminii,1ering of first aid? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

14 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I ISSUE: 1 I DATE: 16/2/93 

d The wearing of respiratory protective equipment? 

There are some emergency staff appointed. but practical exercising is not as yet 
established. 

A suitable training programme should be established 

Are installed emergency protection devices tested regularly and the results recorded : 

.\laintenance schedules require maintenance on safety equipment. The adeqllacy of 
these was not checked in detail. 

Control of Material 

Are Plant/Department arrangements in place for the maintenance of an inventory of all 
substances which are classified as haz.ardous or which may become so during a work 
activity? 

Obligatory to make directory (/982) - this is done 

National legislation Toxic Order. Handling and transport. 

Toxic materials require regulatory permission for storage, usage, and transport -
classified according to toxicity. 

The a"angements look adequate in this area. 

Are there requirements for all such substances to be assessed. suitably labelled and 
catalogued in order to provide procedures and instructions for: 

a Safe storage? 
b Safe handling? 
c Safe use? 

Yes - forced by regulations and applied in the plant. 

Protection against spillage/neutralisation/equipment. PPE. fire precautions are in 
place. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

1 5 Production. Storage and Shipment of Chlorir.e at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Hydrogen fluoride has on plant instructions. but not all materials lun'I! on plant 
instructions. 

Has the following questioning approach i1I1d order been applied to the use of hazardous 
materials used on site? 

a Is the material really needed (can the material be eliminated)? 
b Can a less harmful material substitute for it? 
c What engineering controls can be put in place to reduce the danger (for 

example deluge/sprinkler systems)? 
d And only as a last resort - what personal protective equipment should be 

used? 

Not in a formal ha=ard assessment process. hut in the process of design and 
operations by experience of staff 

A formal process could be an improvement. 

Are there arrangements which ensure that any work which involves the use of hazardous 
substances is subject to the requirements of the relevant legislation? 

Yes - but money shortage and plant design lead to excessil·e discharges. 

Are quality and safety checks performed on all material which is: 
a Purchased from an external source? 
b Manufactured or produced by operations? 
c Likely to deteriorate over a period of time? 

Yes. 

Are monitoring arrangements in place which track all materials used and record details of 
their final disposal route? 

Yes - accountancy ca"ied out monthly; some material has been unaccounted for at 
times. 

No continuous monitoring of discharges - done by sampling on a daily basis. 

Emission monitoring arourid perimeters by local authorities. 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

16 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I fSSUE: 1 l DA TE: 16/2/93 

Are arrangements in place \\ilich ensure that surplus material is returned to a store and 
disposed of externally if no longer required? 

Slorage area is provided and is used for the storage of all feedstock - surplus 
material is returned to this store. 

Have suitably authorised persons been identified. trained and appointed in "Titing for the 
receipt. issue illld control of particularly hazardous material? 

Leader of storage area responsible for his area 

W orlcshop leaders authorise the control and receipt of dangerous materials for use 
in his area. 

Is training provided and formal assessment required to ensure that material handling plant 
and equipment is operated only by qualified staff who have been formally appointed? 

Yes - operators are trained and authorised. and are tested at ./ year intervals. 

Are suitabl~ material handling procedures provided to those concerned in order to ensure 
that loading. unloading. handling and the storage of material for movements within and 
outside the Company are carried out correctly to avoid injury and loss? 

Procedures are provided in the Safety Directory. 

Operators are trained and authorised for the operations on which they are 
employed. 

Specific material handling procedures are written into operating procedures. 

European transport safety systems are to be implemented. 

Are procedures in place which ensure that any company material which is transported on 
a public highway has been correctly packaged and labelled according to the relevant 
legislation? 
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OUTLINE SAFETY DOCUMENT 02 CONTROL SYSTEMS AUDIT 

INDUSTRIAL ACTIVITY: 

1 7 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Western European requiremenlS have to be implemen1ed shortly. 

Is there a procedure on waste material which encourages recycling or careful disposal with 
regard to the environment? 

An enviromnenlal departmenl monitors waste disposal. However due to plant 
design. discharge limits are often exceeded There is no on line monitoring of 
discharges only random sampling daily. 

Has consideration been given to the safety of other storage areas/places of significant 
hazardous substances belonging to this plant such as:-

a S~e warehousing? 
b Transit depots? 
c T anlc farms? 

Yes - storage areas are allocated on site for all hazardous substances. 

Are members of the public prevented from entering the premises? 

The security arrangemenls are weak - it is possible for a member of th2 public to 
en1er the site undetected 

Are the security arrangements appropriate to the hazards of the activities? 

No. 

Are site boundary fences regularly patrolled. inspected and kept in good condition? 

There is no routine procedure for this. 
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OUTLINE SAFETY DOCUMENT 03 TRAINING AUDIT 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Do managers receive adequate safety training or have access to suitably qualified and 
experienced safety advisors? 

There is a Worker Protection Department, which provides support in safety issues. 

Managers are trained and az:rhorised in the safe operation of their areas. Review 
of authorization is carried out -I yearly. Written and oral testing is given with a 
90% pass rate. Directors are also externally examined with re-examination 5 
yearly. 

Do managers identify new training requirements: 
a As a result of incident/accident analyses? 
b As a result of audit survey, and inspection reports? 
c As a result of new or modified processes or equf pment? 
d As a result of changes in legislation? 

.Vew training requfrements are identified by managers and the Worker Protection 
Department as a result of ali the above issues. 

Are suitable teaching facilities and tutors provided in order to meet all the training 
requirements? 

There appear to be no proble1r.s regarding the resources for training. 

Tutors are provided with training also. 

There is a training school on the site. 

What training methods are used: 
a On the job training? 
b Internally organised courses? 
c Formal external training? 

All three - written and oral examination and formal authorization is used. 

Are the requirements for induction and refresher training, identified and programmed? 

Yes. This is probably better organised than many Western companie.f. 
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OUTLINE SAFETY DOCUMENT 03 TRAINING AUDIT 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Are checks made on the training needs of all contractors to ensure that they are met before 
deployment on the plant? 

Contractors statements of competence are required prior to signature of contract. 

A BVM Inspector is appointed as contractor liaison. He checks contractor 
qualifications and liaises with workshop leaders regarding control of contract work. 

Induction training is provided for any area in which the contractor is required to 
work 

Do systems exist for assessment of the effectiveness of training? 

Yes - written and oral examinations are given. 

Are the training records comprehensive and regularly updated? 

Computer records system is in use as a records system and reminder of training 
requests and refresher training. The labour department feeds labour fluctuations -
new recruits, etc into this system. 

The record is well maintained 

Are the training requirements for contractor's employees implemented regarding: 
a Emergency training? 
b Safety training? 
c Induction training? 

Yes. 
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INDUSTRIAL ACTIVITY: 2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

• 

' 
Methods list 

I Method Stage Nature Purpose Additional Information 
and References 

I HAZOP HID Group Hazard ID See guidance notes .. brainstorm 

I session 
-

Planl HID - Identify 

I inspections additional 
hazards and 

/ pipework 

I characteristics 
for risk 

' assessment 

I See guidance notes 
CIA Chlorine CON Nomographs Release rates 

:J 

I ·~ 1 
Releases 

See guidance notes 
DENZ CON Computer Model 

" I 
programme instantaneous 

releases of 
chlorine 

I 
See guidance notes 

CRUNCH CON Computer Model 
programme continuous 

I 
releases of 
chlorine 

I Risk RSK Computer Calculates See Section F, 
calculations spreadsheets individual and Attachment 1 

societal risks 
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OUTLINE SAFETY DOCUMENT E ASSESSMENT METHODS 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DA TE: 16/2/93 

Overview of Hazard Assesmlent 

Hazards were identified by two means: 

- a 1 ~ day high level HAZOP session was carried out involving plant 
personnel. 'This was structured around the P&IDs prepared for the study (C2. 
Attachment 3) and some generic keywords. 

- a 1 day plant inspection carried out by an HSE Principal Specialist 
Inspector. 

'The outcome of these two activities was then incorporated into a list of hazards. The 
assessment of severity anJ likelihood was then made against a categorised scheme and 
plotted out on a risk matrix (harm to man only). The potential accidents to be studied 
funher were identified. 'These consisted only of chlorine releases with the potential 
for offsite effects. 

Frequency and consequence were then estimated in more detail. For frequency the 
method used was the generic frequency approach put forward in the guidance; for 
consequences, the release rates were estimated using the Chemical Industries 
Association "General Guidance on Emergency Planning within the CIMAH Regulation 
for Chlorine lnstal/alions". 'The releases were then soned into a very limited set and 
off-site consequences calculated using the SRD codes DENZ and CRUNCH as 
appropriate. 

Finally, the results are combined in a risk calcu/alion performed with a spreadsheet 
to determine individual and societal risk. 
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INDUSTRIAL ACTIVITY: 

4 Production, Stora~e and Shipment of Chlorine at BVM 

NUMrlER: N/ A I ISSUE: 1 I DA TE: 16/2/93 

I 
I Classification scheme: likelihood 

:;: 

I Class Description Approximate Approximate Descriptive -
I 

frequency recurrence time recurrence time 

A Often happens JO per year - Many times per 
year 

I B Has happened 0.3 per year 3 years Every few years 

_, 

I 
c Mighl happen 10-2 per year JOO years Many times in 

thousand years 

\ D Unlikely to 3xl o-4 per year 2,000 years Every few 

I happen thousand years 

E Extremely I 0-5 per year 100, 000 years Many times in a 

·~ I \~ 
~ 

unlikely million years 

F "Incredible" 3xl0-7 per year 3,000,000 years Every few million 

... ~ I 
' 

years 

Categorisation scheme: hann to man 

I Class Description 
I 

I A No effect 

B Worker injury 

I c Worker death 

D Multiple worker deaths 

I E Off-site deaths 

I 
f. I 
t T 
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INDUSTRIAL ACTIVITY: 

5 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

I 
I Categorisation scheme: hann to the enviromnent 

- I Class Description 

A No effect 

I B Environmental nuisance 

c Minor environmental incident 

I D Major environmental incident 
' ,,. 

\ 
I 

E Environmental catastroph ... 

" 
I .. ~ 
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OUTLINE SAFETY DOCUMENT 

E1 SUBSTANCE INFORMATION 

INDUSTRIAL ACTIVITY: 

2 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

Identity, Composition and Handling of the Substance 

Substance identity: CHLORINE. Chemical 1Ull1re 

Cl! Empirical formula 
7782-50-3 C.A.S No 

Degree of purity of the substance: 98 - 99.5% Cl! 

Main impurities 

Impurity Relative percentage 

Water, H:!O <0.5% 

Hydrogen, H:! <23 

Nitrogen Trichloride Not knoMm 

Detection and detennination methods available to the installation: 

Water: 

Dew point measurements taken in gas stream to measure effectiveness of dryers. 

Hydrogen: 

Gas volume contraction measured after reaction with C/1 to form HCI when exposed 
to UV light. 

Methods and precautions laid down in connection with handling storage and fire: 

Venting of chlorine trapped in pipework either to the sodium hypochlorite plant or via 
the compressor to retum to the bulk tanks. In the event that the hypo plant does not 
cope with al/ the chlorine. this would be discharged to atmosphere via a large stack. 

I DRAFT c ~ 1993 AEA Technology ] 

\ 

' 1 
t 

-



---L------------ ~----- -
• . ~ --, 

I 
\ 

I 
I 
I 
I 
I 
I 
I 
I 

-~ ,,. 

I 
\ 

I 
J 

I .. ~ 
'~ 
~ 

~ I 
I 
I 
I 
I 
I 
I 
T 

t 

OUTLINE SAFETY DOCUMENT E1 SUBSTANCE INFORMATION 

INDUSTRIAL ACTIVITY: 

3 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I issue: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

Emergency measures laid down in the evem of accidemal dispersion: 

All operators i.mlld with personal esc~ canister respirators for esc~. 

For other onLrgency measurts see the on-site and off-site emergency plans. 

Methods available to render the substance harmless: 

Absorption at sodium hypochlorire plant in sodium hydroxith. 

Brief Indication of Hazards 

Immediate hazards fer man: 

Chlorine is a highly toxic gas. At high concentrations it is instantly fatal. An 
indication of the range of effects is given in the attached Table 1. The principal 
medical effects are ouilined in Table 2. HSE use a toxic load of 108.000 ppffi min 
as being sufficient to be fatal to a small proponion of the population. These would 
be the most vulnerable, the sick. elderly and the very young. The concentration which 
would be lethal for 50% of a typical affected populalion would be around 5 times 
higher. 

Delayed hazards for man: 

The technical literature indicates that people woukl be expected to recover from a 
single exposure of chlorine if it was not severe enough to cause permanent damage. 
However there would be severe demands on hospital and other medical services. 

Immediate hazards for the envirorunent: 

Localised scorr.hing of vegetation and toxic damage to animals and fauna generally. 
Water courses would be affected by dissoluiion of chlorine, its presence could be 
detected by smell. 

Delayed hazards for the envirorunent: 

Not known. 
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OUTLINE SAFETY DOCUMENT E1 SUBSTANCE INFORMATION 

INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DA TE: 16/2193 

SUBSTANCE: Chlorine 

BebaYiour of the Substance 

Chemical and/or physical behaviour under nonnal conditions of use: 

Under ambient temperature and pressure chlorine is a pungent green gas_ On cooling 
and compression it is liquified. Storage and transfer conditions aI BVM mean chat 
it is a liql4id held above its boiling point and therefore it is UNkr pressure. Some 
physical propenies are given in anacliLd Table 3. 

Forms in which the substances may occur or into which they may be transfonncd in case of 
foreseeable abnormal conditions: 

Liquid chlorine would be apecred co vaporise on release. drawing its heat from the 
ground and the su"ounding air. If the spillage is safficiently large a boiling pool 
may form. There may be sufficient moisture to form chlorine hydrate or for the pool 
co cool below irs boiling point - reducing the evaporation rate. Ar higher 
temperatures chlorine reacts vigorously with steel, including steel pipework and 
therefore the risk of fire needs to be controlled and minimised. 
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E1: ATTACHMENT 1 

Concentration 
(ppm) Effect 

1000 May be fatal even when exposure is brief (a few 
breaths). 

400-300 A predicted a~-c:rage lethal concentration for 503 of 
acth·e heallhy people for 30 minute exposure. 

150-100 More ~11lnerable people might suffer fatality from 5-
10 minute exposure. 

20-10 Is dan!!erous for half to one hour exposure. Effects 
are immediate irritation of nose, throat and yes wilh 
cough and lach.rymation. 

IO Exposure for less than 1 minute causes coughing. 

I 3-6 Causes stinging or burning sensation but tolerated 
wilhout undue ill effect for up to 1 hour. 

Table I: Toxic Effects or Chlorine 

The principal effects arising from a single exposure of animals or humans to chlorine gas are 
exened on the mucous membranes: sensory irritation of the eyes, nose and upper respiratory 
tract. and intlammation and necrosis of the respiratory tract epithelium. lung oedema and 
congestion. There are also some reports of skin irritation and burns. Monality results from 
lung damage and deaths occur rapidly (wichin hours to a couple of days post-exposure) due 
to oedema and congestion or can be somewhat more delayed (several days) due to secondary 
pneumonia. There is no convincing evidence of serious long-term sequelae following a 
single exposure to chlorine. 

Table 2: Medical Effects 

Property 

Molecular weight 

Boiling point at l .Ol33xl0' Pa 

Freezing point at l.Ol33xl0' Pa 

Vapour pressure at 273'lJ<. 

Density at 273'lJ<. l .033x 10"5 Pa 

Water solubility at 273'lJ<. l.0133xl0' Pa 

Conversion factor at 298'lJ<. l.0133x10' Pa 

Value 

70.906 

238.4°1< 

172°1< 

2.65x10' Pa 

3.214 

14.6 kg/m3 

l ppm = 2.90 mg/m1 

T11ble 3: Physical Properties or Chlorine 
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INDUSTRIAL ACTIVITY: 

1 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DA TE: 16/2/93 

. 
. t 

I SUBSTANCE: All (see Section 8) 

I Attachment List 

No 

.. I No Tide ID Issue Pages Commenc 

I S Porrer Inspection 5 

I 2 HAZOP Records 1911193 12 HAZ.OP-PC printout 
3 Hazard Overview 3 Rep:aces standard 

table 

I 4 Risk matrix of harm to I First estimate 
man 

I ,. 

I Revision History 

' Date Issue Comments 

I 16/2/93 1 First issue prepared by SRD 
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INDUSTRIAL ACllVITY: 

2 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: All (see Section B) 

• 
i ' t 

1 

I Supply the requested information in a suitable format ~~ tlltachmmls 

, I 
Hazard Cause Safeguards Consequences POlenli?! Reasons 

Major 
Ace idem? 
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E2: ATTACHMENT 1 

Report on the Inspection of BVM. Budapest, January 1993 

S.R. Porter. Principal Specialist Inspector. M~jor Hazards Assessment Unit. Hcal:h :ind 
Safety Executive 

The following paragraphs are notes on the inspection of the Chlorine handling activities 
which I saw at our recent visit. The comments are not intended as an exhaustive list of 
requirements which would enabk the company to comply with British safety law. since the 
Hungarian system docs not appear to allow the operation of the ALARP principle and I am 
not clear about the role of the regulatory authorities. In Britain lhc regime of regular 
in:>pection and powers of enforcement has resulted in continual improvements in safety 
whereas the Hungarian plant may not have experienced this progressive influence. 

On Site Hazards to the Workforce and Visitors. 
I. BVM generate Chlorine by the electrolysis of Brine in cells where Mercury is the Cathode 
ma~erial. The Chlorine is compressed and cooled to liquefy it. stored in insulated storage 
vessels. dispatched in railcars, drums and cylinders and used in the manufacture of 
hydrochloric acid and sodium hypochlorite. During the visit I identified th! following safety 
problems to employees and visitors: 

Exposure to Chlorine 
Exposure to Mercury 
Exposure to high magnetic fields 
Fire and Explosion hazard ilSSOCiated with Hydrogen generated when the 

:\1crcury/Sodium amalgam is washed with water. 
Risk of falling from railcar loading platfonn 
Risk of Electrocution :it Rectifiers for Cell Rooms 
Machinery Guarding Problems in the Compressor Room 
Exposure to Ultra-Violet Light 

1. Exposure to Chlorine, 
Although the pipework in the cellrooms is normally at a slightly negative pressure and 

any small leaks would be expected to be inwards. there was a slight odour of Chlorine 
especially in the old cell room. The ventilator in this room was not in use because we were 
told that at low current loading its operati;.m was not necessary to sweep Chlorine from the 
cells. When the ventilator is working there may be some localised higher pressure Chlorine 
sources which could leak outwards. This may be a design problem in the process that the 
compressors drawing the gas stream through the washing and drying parts of the process are 
not sufficiently effective. In addition. the isolation for each cell was provided only by a piece 
of bent hose. wired double to effect closure; this may have been allowing air to enter the 
system reducing the efficiency of the compressor and ventilator. 

3. All operators and visitors are issued with cannist~r respirators with which to effect an 
escape from a Chlorine release if one were to occur. This type of respirator is less effective if 
the wearer has any facial hair. Some companies in Britain who issue this equipment forbid 
the growing of beards and moustaches and visitors are not permitted on to the site if they 
have facial hrur. 

So instructicr.s were issued as to what to do in the event of a release. The wind 
direction indicator was not pointed out and we were not told to escape across the wind 
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' \ 
- I direction or upwind of the release. The wind direction indicator was not 'risible from the 

Chlorine plant: a local wind sock would be useful here. 

I -t I did not sec any longer term breathing ai;paratus which might be used in order to tum off 
the source cf any release. Howe .. ·er this is one point that I did not specifically look for. Self 
contained Compressed air breathing apparatus with a duration of 30 minutes would be 

~ 

I suitable for this purpose. This should be to hand at the Railcar and drum filling operations at 

t locations either side of the operations so that even if one of the locations is enveloped in the 

I 
gas cloud the other one should be available. 

4 

! 
5. Ex122sure to Mercuo:. 

I 
Mercury is a liquid at ambient temperatures and pressures. However. experience has 

shown that lite high vapour pressure and the difficulty in cleaning the spilt liquid can lead to 
extremely high exposures which are difficult to monitor because of the absence of any odour. 

I 
I would recorr.mend the following measures which would assist in reducing the personal 
exposure of the workforce to Mercury: 

-
I 

a) Considerable amounts of Mercury have probably been spilt and have entered the 
pores in the concrete floor. Any amount of cleaning would probably not remove this. It would 
probably be more effective if a suitable floor sealant were to be found so that future spillages 

I were not to enter the concrete and could be effectively deaned. Visible liquid Mercury should 
be removed under suction to a reservoir with a small amount of water in it to prevent the 

,. pump expelling Mercury vapour into the atmosphere. Residual Mercury can be removed by 

I washing the floor with a Sulphur and water mixture. 

' b) The video of the B VM plant indicated that there could be considerable exposure to 

I Mercury in the operation to clear blockages in the amalgam flow. If possible this operation 
should be carried out under water or in a ventilated cabinet exhausted to a safe place. As a 

i last resort air-line breathing apparatus could be used. It is important that the compressed air 

·~ I f ceding the suit should be drawn from a place which guarantees a supply of fresh air. 
\~ 

I 
c) Mercury can also enter the body by ingestion and possibly by skin absorption. It is 

~ 
therefore essential that employees are encouraged to wash thoroughly before eating or 
smoking periods and before leaving to go home. I would recommend a system of Clean :md 

I 
Dirty areas in the vicinity in which the operators (and visitors) enter through the Clean area. 
change from their own clothes into ones which they only wear in the operation of the cell 
rooms. Experience in Britain has shown that it is difficult to keep the Clean Areas clean even 

I 
on thorough washing and some Mercury factories in Britain use disposable outer clothing to 
reduce the build-up of Mercury. If Mercury is found on employees shoes, then rubber boots 
put on when entering and a sulphur/water dip on leaving the cell rooms could be included in 

I 
the regime. Visitors could be issued with overshoes. 

When leaving to go home or for a meal break, employees pass through the dirty area 
and shower before putting on their own clothes again in the clean area. This also reduces the 

I possibility that employees could be taking Mercury home on their clothes and shoes, 
re-exposing themselves and also exposing their families to Mercury. 

I 
l 
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6. Exposure to High Magnetic Fields 
The high electric currents involved in the electrolysis process mean that there are 

localised areas of high magnetic fields especially around the conductor bars which pass the 
current to the cells. This has been known to affect the performance of heart pacemakers. 
Employees with such devices should not be allowed to work in the cell rooms or in areas 
where these magnetic fields are to be found ( beyond where the current is rectified to DC ). 
Visitors should be asked whether they have such devices and not allowed tc proceed to the 
cell rooms if they have a pacemaker. 

7. Fire and Explosion Hazard from Hydrogen 
The company are aware of this risk and have constructed a concrete wall around the 

water sealed gasholder used to store hydrogen from the amalgam washing process. However, 
as a visitor to the site I would have been expected to have been checked for smoking 
materials or electrical equipment, for example battery driven cameras, likely to provide a 
source of ignition for any leak of Hydrogen. 

The company had not provided heating in the water seal for the hydrogen gasholder. 
This might be a problem but I am not familiar with Hungarian winter temperatures. The 
problem could easily be resolved by installigg a steam line into the water reservoir for use in 
very cold weather. 

8. Risk of falling from Railcar Loading Platform 
We examined the valves used for delivering Chlorine into the railcar from a small 

platform constructed on the top of the railcar itself. In Britain it is a duty to provide a safe 
working platform, especially when it is necessary to work at heights over 2m from the 
ground. There should be adequate edge protection to prevent employees falling from the 
platform. It was my view that the protection provided was not high enough to do this. In 
Britain a loading gantry would be installed at the rail loading point providing safe access to 
the loading valves and an interlock to help prevent the railcar pulling away before loading 
was complete. 

9. Risk of Electrocution from Rectifiers Etc 
There was open access to the cabinets containing the rectifiers converting power for 

the cell rooms. In some cases there were keys in the doors and in some no locks on doors at 
all. Access to such high voltage and current power sources should be under management 
control and a permit to work system. 

IO. Machinen Guarding Problems in the Compressor Room 
Some of the machinery guards were incomplete or missing in the compressor room. In 

Britain it is an absolute duty that access to machinery which can cause injury must be 
prevented. 

11. Exposure to Ultra-Violet Light 
The routine analytical test for the presence of Hydrogen in Chlorine involved shining 

an ultra-violet lamp onto a sample of the gas stream contained within a glass burette or 
pipette. Although the lamp we observed was pointing towards a wall and away from the 
operator carrying out the test, it was still possible for him to receive UV radiation directly 
into the eye. This type of exposure should not be allowed and can be suitably controlled by 
enclosing the lamp in a tunnel into which the sample can be passed, without the operator or 
anyone else in the vicinity. being able to see the lamp directly. 
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Off-Site Hazards 

12. Releases of Chlorine from the site pipework. or vessels would be expected to lead to an 
off-site effect. The following events were considered to be the most likely sources of any 
release. 

a) Failure of pipework carrying Chlorine from the cellrooms to the c~ers. This 
pipework is generally at a low or riegative pressure. Small leaks would b.:! expected to be 
inward and only large failure, for example guillotirie failures might lead to an off-site effect. 
It is therefore important to be able to detect such a failure quickly and to tum off the power 
supply to the cells to prevent the generation of further Chlorine. In Britain this would 
normally be achieved automatically with a high pressure sensor in the gas line or other 
similar device. 

b) Failure of pipework. carrying Chlorine vapour from the dryers to the comp:essor 
building. This pipework is particularly vulnerable because it crosses the road at a low level 
with no protection against impact. It would be sensible to provide this pipework with a proper 
pipe bridge or to re-route it across the concrete pipe bridge a little further away. 

c) Failure of liquid Chlorine pipework used to fill the bulk storage vessels. The most 
likely cause of this is either impact at a maintenance operation or by accidentally trapping 
liquid Chlorine between two closed valves. The latter would lead to a small amount of 
forward liquid flow and a vapour flow from the headspace of the bulk tank which could only 
be stopped by the closure of a manual valve at the top of the storage vessel. Breathing 
apparatus would be required to carry this out and the release might be prolonged. 

d) Failure of liquid pipework taking Chlorine to the ev<:.porators and the rail and drum 
filling plants. A forward flow of Chlorine frorr. the bulk tanks driven by the padding pressure 
being used in the transfer operation would result from this type of failure. Even if it were 
possible to switch the compressor off it would take some time for the pressure to reduce and 
it would rnly reduce to the saturated vapour pressure of the Chlorine in the vessel. In Britain, 
Chlorine detectors in the area of the liquid Chlorine pipework automatically close valves to 
stem liquid Chlorine flow. At the meeting we discussed measures which could reduce the 
time taken to isolate the bulk tanks in the event of an emergency. This might best be achieved 
by having a single dip-pipe in each bulk storage vessel, manifolded to the different Chlorine 
destinations. A single valve could then isolate the liquid outlets from each vessel. In Britain 
this would be an automatic valve actuated by Chlorine detectors or by an operator pressing a 
remote emergency button in response to an alarm. 

e) Failure of liquid pipework at the filling of railcars. This could be caused by an 
unsatisfactory connection at the railcar or by a driveaway. The method of filling, into the 
vapour space of the tanker would preclude a liquid backflow but the liquid forward flow from 
the bulk tanks should be controlled in a similar way to para 7d) abo·1e. In this case 
strategically placed control buttons could be used to operate the bulk tank control valve. 

We discussed the arrangements for filling of railcars and drums. The system did not 
allow the displacement of vapour to allow filling to take place in one operation. Rather. the 
operator had to vent several times to admit more Chlorine to the vessel. This procedure is 
prone to operator error because so many valve operations are involved. It also means that 
high padd;ng pressures are required in the bulk tanks to carry out the transfer. I would suggest 
that the system is altered so that the tanker (or drum) is c.Jntinuously vented during filling. 
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' \ - I This may require a redesign of the valve arrangement in the railcar. This is discussed further 
in para 11 below. 

I O Failure of the liquid Chlorine r :iJework at the drum filling operation. The most 
likely causes of this type of failure are drum roll away or an ar:cident involving the lifting of 
an adjacent drum. At the meeting we discussed the provision of cradles on the on the~:um 

~ 

I storage platform and on the weigh scales to reduce the likelihood of a roll away. I understand 

l that the operators are instructed not to carry out a lifting operation whilst another drum was 

I 
filling but the delivery pipework to the filling point was very close to the scales and could 
have been damaged during a lifting operation. ~ -: 

I 
g) In Britain, releases from holes in storage vessels and whole vessel failure are 

considered for the purposes of land use planning. These could typically be caused by impact 
at a maintenance operation, corrosion or some other undetected defect in the vessel. I include 

I 
here drums, cylinders and railcars as storage vessels. I was concerned that during the life of 
some of the storage vessels, test pieces had been taken from some of them and the \'essels 

- repaired. This is likely to impair the performance of the vessel and could in itself introduce a 

I 
defect. It might be better to keep a sample from the original vessel material of construction if 
such tests are required. Other tests should be of the non-destructive type. 

I t,) The bulk storage vessels were fitted with a bursting disc and safety valve 
arrangement relieving to the Sodium Hypochlorite plant. In Britain there would be an 
intermediate expanse tank of at least 10% of the capacity of the bulk tank. This could be used 

I to hold up liquid Chlorine to be released slowly to the Hypochlorite plant in an emergency. It 
would also be useful if an incident occurred when the Hypochlorite plant were not available 

' for some reason. 

I I would recommend that the company calculate the capacity of the Sodium 
Hypochlorite plant to absorb large quantities of Chlorine without exhausting or boiling the 
sodium hydroxide. If its capacity or availability is in doubt then an intermediate vessel should .. ~ I be installed. The entrance valve to this vessel should be locked open. The exit could be 

\~ locked closed until required in the event of an emergency. ~ 

" I 13. Railcar Design 
There are certain differences in the design of the railcar seen at BVM and railcars seen 

I 
in Britain. To facilitate continuous venting at the filling operation, filling can take place 
through a dip pipe. To prevent this causing a liquid backflow on failure. an excess flow valve 
or a valve of the Phoenix type is fitted (compressed air supply keeps this valve open and if 

I 
the air supply fails, the valve closes automatically). This arrangement is particularly 
imponant at the receiving end of the journey, to prevent forward flow in the event of a 
faiiure of the liquid offloading line. 

I 14 . .RQfili and Rii!il~i!r Eilliag Q~nni2ns 
In Britain, Chlorine is transported in bulk by both road and rail. The loading and 

I unlo1ding arrangements for such vessels vary according to the numbers of them which might 
be filled or unloaded each year. However for a manufacturer where several road and rail 
vehicles could be filled each day, safety provisions are usually to a higher standard than for a 

I receiving site where there might only be 10-20 deliveries per year. On a manufacturers site I 
have seen some of the following provisions for safety: 

I 
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a) The vehicle stands on a weigh scale or load cell to monitor the amount of Chlorine 
loaded. As the amount reaches the limit for the vehicle. the flow is stopped automatically. 
This reduces the likelihood of overfilling. 

b) Interlocked barriers to prevent Chlorine driveaway during loading. 
c) Interlocked pipe testing to prevent the use of pipework unless it has been rigorously 

pressure and leak tested before commencing loading. 
d) Movement detectors connected to automatic shut-off valves to reduce the duration 

of any spillage in a roll away situation . 
e) Chlorine detectors connected to automatic shut-off valves. 
f) Some Chlorine loading/unloading operations are carried out indoors. This can have 

dramatic effect on the off-site effect. It also gives any Chlorine detectors a better chance of 
detecting any release and might allow small leaks to be effectively removed to a scrubber by 
forced ventilation. 

15. Piping Standards 
Where piping is being used to convey a hazardous substance such as Chlorine. the 

consequences of a failure in such pipework have serious implications both for employees and 
for the off-site population. It is very important that additional care is taken in the design, 
construction and maintenance of such pipework. Some examples of poor pipework 
arrangements were given in para 12 above. Especial attention needs to be given to pipework 
supports in the compressor room where the pipe taking Chlorine up to the condensers was 
particularly badly supported, in a busy plant area. 

There were indications that although valves had been selected for their resilience on 
Chlorine duty, the interconnecting pipework was not of a similar standard. I would expect 
these pipes to be more susceptible to corrosion and erosion failure. If it is not possible to 
obtain correct pipe materials a more rigorous testing regime needs to be established and a 
regular replacement program starte~ if found to be necessary. 
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'.FIRE HAZARD Hydrogen leak 
ignited by 
electric motors 

i Hydrogen fire in 
I the eel l room 
' 

i 

I Fire in 
;downstairs roOl'I 

I 
\Pipeline failure 
!chlorine. 

!electrical equip. and 
high ventilation rate in 

1 
lthe cell roOID. 

I.stop chlorine production. Check fire safety Grading subject to 
in cell rooms quantities of hazardous 

I 
Possible 
structural 

I collapse. 

Structural (plastics and non materials. 

EXPLOSlON 
HAZARD 

TOXIC 
i RELEASE 
:nAZARO 

~Fire water run 
: off 

I 
I 
I 

·Posible 
:environmMtal 
j hazard 

protection on walls and protected 
sub·fr-. electrical items) 

Permit system for hot 
work. 

Fire mitigation systems 

l
(exti~guishers, water 
curtains> 

!Fire classification grade 
,c protection (lowest 
:classification). 
i 
!Collected by site 

!'drainage system and 
treated on site. Storage 

\capacity is about 100cn3. 

I l . 
•Prcduct1on of !Release of brine \Cleanliness of brine. 
;Hydrogen abcve 'and chlorine gas j 
i fla11111able limit •from cell C3· ·Monitoring of chlorine. 

I ; in chlorine eel l., Skgm). I 
:caused by 
.contaminants in 
•brine. 

.Missile generation\ 

I 
I 

iMercury 
,contamination (50 
:tns in cells, 30· 
i l.Okg in eacn 

1 I eel l). 

i :Evaporated :occupational 
\mercury in the !hazard. 
lair. 

i 
I 

Hygiene procedures. 

Check mercury 

1 
procedures. 

/Failure of ljReleau of Electrolysis shutdown on Check how 
.chlorine suction. chlorine in room i 1<1.Skg/s) 

i Low suet ion. 
!Operator error. 

Less than above 

loss of power to compressor 
compressors. shutdown leads to 

Shutdown of electrolysis 
on loss of associated 
compressor for any 

! reason. 

'1Extraction of residual 
ichlorine. (Natural 
circulation?) 

PPE. Plant shutdown. 

Con:inuous m;.nni"g 
for chlorine 
monitoring by smell (in 
procedures>. 

electrolysis 
shutdown 

;Existing leak 
iplus spurious 

1
start·up of 

lauxilliary 
, 

1
blowers. 

i i 

:VENTILATION[ 

!HAZARD 

i 
1LOSS OF 
I SERVICES 

Loss of power. above. 

I 

I 
I 
l\lorker hazard. 

I 

Natural ventilation via 
convection. Air channels 
e~ist between first and 
ground floors. 

\ 

• 
t 
' 

• 



~--~ . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,. I 
I 
I 
I 
I 
I 
I 
I 
I 
r 

' -

~AZOP·PC: Z.02 Workshttt 

C:~y:8Vlll 

'.:tc: ! i ty: CHlOltlllE PROCIJCT !CIC A~;O STORAGE 

i~>SI:;.~: ! 18 01 93 Rev1s1on: 0 15 Cl 93 ~: CZ: Att. 2 
Node: 1 ElECTROlYSIS (1,2) 

P.:tr:wnrter: KAZ~ Intention: 

DEVIATION 

,HAlARO 

CAUSES 

i toss of eel l 
!circulation. 
' 

'toss of 
:

1

. vent i taters 
(dwg 1). 

\ass of brine 
! recycle pullP. 

C~STA!"l~ATl'See above 
ON HA:ARC !(explosions). 

:11ormal ly 2:: 
c:intamination Cit 
hydrogen, 1: 

1oxygen and air>. 

COllSEQUEllCES 

! Cell boiling .xt 
i dest:"\let ion. 

: Sm.11 l chlorir.e 
release. 

:Release in cell 
!roaa. llill be 
,r3Jlid release of 
'all chlorine in 
!cells. 

.crane oper.:ttions ~elease or 
O!!IJPPEO 
LOA:> HAZARD I 

·c~lorine in cell 
i room. 

!"A!~;TE~lANCE Leak of chlc:.rine :As above. 
HAZ.\?.D . or 

,hydrogen 
: following 
!mainten.:tnce. 

. Ignition of le.:tk As above. 
'of hydrogen by 

OPERATOR 
·ERROR 
•HAZARO 

! hot work. 
i 
:Monitoring 
j failures. 

I 

i 
!. ENVIROIJMENTIDrainage 
: Al ~AZARO 

! 
. I 

I 

'as above. 

iPotlution of 
loanube. 

I 

I 

I SAFEGUAPJ>S 

!Operator intervention. 

!Current control (trip on 
~igh voltage). 

I - . 10perator intervention .xt 
! backup supplies i 
I 

i . . 
!Operator 1ntervent1on on 
!high level alarm. 

I 
;Plastic p1p1ng as 
!protection ag.:tinst 
jcorrosion. 
I 

' !Laboratory anatysis of 
!chlorine. 
i 

; Instructions for crane 
'cperations and licensed 
operators. 

System of certific.:ttion. 

Pressure testing. 

1

1

1

Also checked in drying 
area. 
i 
I . -lnsuff1c1ent quantities. 

Check why chloine 
released .xt not 
sucked to 
COlllpl"HS ion, 

Check air content! 
~r 

COlllpl"HS ion. 

!
Also check on I 
wate:- content. I 
i ' 
I 

I 

Check level of 
water table and 
posible 
envi ronnental 
problems in other 
areas. 

OH•ER 'Electrical 
I 

shock.!Occupationat 
I 

risk. Design. 
HAZ~RC 

sr~RT·uP 

ANO SHUT 
00\IN 

: ! 
1
Explos1on hazards1See above. 

.due to st.:trt up ' 
1conditions. 

!Routeing to hypo plant. 
I 

Check explosion 
hozard dealt with 
under ~.ypo pl ant. i 

CCMEl!S 

Has happened. 
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:>ar~ter: MAZARO lntenticn: 

OEV!ATIOll : CO.SEQUEllCES 

'FIRE HAZAllOifire in drying 
I room. 

~~lorine release 
i at p;-ocb:t ion 
,r3te. 

.EllP!..OS!ON 
MAz,7,l!!) 

rax u: 
RE~=:ASE 

H.\ZAQ::J 

LCSS OF 
se:1·, r:::s 
HA!:.R~ 

iOrying , _ 

! increases 
!explosion risk. 

iPressure 
I - . 1var1at1on. 

; Potential for 
; Slll3l l c!'tlorine 
rele3se. 

Chlorine ieak 
through sulphu~ic' 
acid syste<n. · 

,Loss of water 's~lphuric acid 
S'4JPlY le3ds to release. 
corrosion 
f;ii lures 

Loss of sulphuric 
'.acid supply. 

CCNT:.l'l!NATI :sulphuric acid 
C!\ ~AZ~RO droplets in 

ichlorine l inc. 

. E'l'': i!':'<MENT, Total loss of 'Possible 
AL ~AZ~RO sulphuric acid environmental 

(less than 10m3}. hazard. 

OT~ER Storage of As above. 
P+AZ~RS '.<ulphuric acid 

:tanks. 2 out of ~: 

· not b\.nded. 

SAf E QJAROS 

!Plant shutdown. 

!Bursting disks (or 
!sections of pipe?). 

I SH led sys tee. 

I Constant -.ning. 

!sHled cascade. 
I 

l 
!reinperature 1110nitoring 
·cooling water ~ 
;sulphuric acid. 

RE~llDATIOllS 

Check how !t2S04 
syst- worts :ind 

lifaleakis 
pcssible. 

of 1 

I 
! 
' 

iAdequate supply in header! 
itanlt for several days. I 
i 
:sulphuric acid 
lubrication on 
con:pressors and filters 
thereafter. 

Hold up ~sin. 
I 
l
lcheck procedures 
for hold up 

!basin. 
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Fxili~y: CMLOll!llf PROOUCiON AllO sroRAGE 

Shs•:>r.: 1 'a 01 93 ll~ision: O 19 Ct 93 Dwg#: CZ: Att. 2 
MO<le: 3 Ct»9'RESSl•G A.O F!LTElllMC (7) 

?;i:.-ter: llAZAllC [nt~tion: 

I 
OE'J!A~ !O. I CAUSES 

FIR~ MAZAROIMydrogen ~s in 
! quantities 
~greater t~ 5~-

!OX[C 
RE~~.1.SE 

MAZ.\110 

I 

lvalve failure. 

' i Filter s.'lell 
I hi lure. 
l 

\c0111pressor 
'bearing f3i lure. 
! 

:Failurefblockage 
: of sul.phu.-i c 
: acid cooling 
'system. 

'closure at 

!Possible plant 
ldestn.ction. 
I 
I 
i 

i 
iS-ll chlorine 
ir~leas~. 
i 

l . 
1Pass1~le lage 
:chlorine release 
!cat production 
ir:ite) 

ls.at'. release. 

'As above. 

Possible 
1CC111pressor by- :\arge chlorine 
:pass by operator.'release ~to 

;over pressure~ 

"ass OF loss of electric 
:>ERV ICES ipower. 
II A ZARO 

I 

I 
I 
\Local loss of 
I power. 

!Lass of water 

1to acid coolers. 

I 

Air suc~ea 1n at 
·eel ls. 

:overpressure if 
'hypo valve not 
lo~. 

!Possible chlorine 
; re: ease in eel l 
!room. 

i 
I 

iAs above. 
I 
! 

iAcid heat 
!potential 
!tailure. 

up and 
bearing 

CONTAMINAT1jsulphuric ~cid iniPossible ch\orine 
ON HAZARD ; chlorine in 'haz3rd on 

ioutlet valves. 'maintenance. 
,Failure to close. 

MAINTENANCE Ignition source. 101 l ti re. 
HAZ.\110 

SAFEWAJIOS IECOllNEllOATIOIS 

lltiature is burnt. Fiercer Chedt 
burn signifies higher eaplosion 
levels of hydrogen. uzard ~r I c~tian. 

!use ~ium h·,ldroaide to 
detect chlorine (fonas a 
fog)_ 

Annual inspect i ans. 

!ventilation systes. 

I 
j Taperatture lllOni taring 4f 
:sulphuric acid which is 
!alarmed. 

1Sight glass for 
I . . 
1sulphurrc acid. 

i 
;Not a logical action. 
I 

i 

:Eacess chlorine goes to 
i hypo pl ant. Depends upon 

1

1 v3lve opening by 
_operator. 
I 

I 

' !sack-up power supply. 

'

!Loss of power to 
c~resser leads tc loss 

!of power to electr~lysis 
1 (automatic system). 

Automatic system as 
above. 

T~rature measurement 
on sulphuric acid system. 

I . . . 

'

Separation and f1lter1ng 
systems. 
I 

Check these 
systems. 

Check system. 

\System closed down and Check source of 
emptied when work takes oil. 

iPlace. 

,ESC.\lAT!ON Nearby fire from :Possible 

!Permit to work system. 

r.hlorine Plant shutdown. 
. HAZ.\110 storage 1rea. 1

relrase . 

I 

·~= 3 
P~: 

No specific checks that 
electroly~is plant has 
been shutdown before 
compressor shutdown. 

\ 

·' .. ., • 

' 1 

• 
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F.xtltty: CitLOR!llE PROOUCTIOM UC STOlllCE 

I Sessi~: l t! Ot 93 Revision: 0 19 Ot 93 Owg#: C2: Att. 2 

I 
I 
I 
I 
I 
I 
I 
I 

\ 

I 
J 

·~= 
I. COllCENSlllG C!l 

?:tr.-t!~r: 

:lE'JlATIOll 

!Cll!C 
ltELEASE 
otllZARil 

CCUOStCll 

eXl'LOS!Ol'I 
HAZAllO 

LCSS Cr 
SE~'l!CES 

~A!~~O 

11ALUID 

CAUSES COllSEUllCES 

!valve :liquid c~larine 
1
release. ; failure. 

I 
' I 
I 
;condenser le3kS. ;Nigher presure 

!freon in :hlarine 
, • nat dangerous. 

.C~rrasian an i11ot 3 ha:;ird. 
ivater side. ICno>on\ 
!problem. 

: tncrease in 
:concentration of 
;hydrogen !Jy 
; condens3tion. 

I 

!Plant destruction 
:ar.ct chlori~ 
·rel£ase. 

"Loss ot water 30d'~ecrease in 
,power. ,efficiency of 

1 conctensat ion. 

CCN~AMINATt,~ater in freon. 
CM liA!ARO ' 

.Qperabi l i ty 
:pr-oblen. 

~·A:'l'.E'IAllCE · Lealr.age auring 
"AZARO '.c~enser 

"mainten3nce. 

l'!ajor cnlorine 
, leak. 

·~ ,~ I 

" I 
I 
I 
I 
I 
I 

• I •• 
·, 

t T 
'; 

SAFEGUARDS RECOllEllOA Tl OllS 

I 

I 
I I Inspect ions of condenser. 

I 
!Pressure control on freon 

lcircui t. 

I 
:Hourly checking. If high Check if H can 
l ~evels checking freqJencylbe carried 
! 1ncrHses. lover in liquid 

chlorine. 
irransfer ta hypo plant I increased. 

iCan alsa be sent ta HCl 
\Plant. 
' !Excess chlorine sent ta 
I hypo plant. 

I I 
\ 
I 

:visual checks that 

1
closed. 

valvesl 

\Major jobs spade aff. 
I 

I 
I 

I 

Mode: 4 
Page: t 

lcontinuous hydrogen 
mani taring may Ix 
required. 

\ 

Ii 
t· 
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C~y: 8Vl'I 
Facility: .:MLOll!NE 

----L-

\lortshttt 

PROOUCT!OIC ANO STORACE 

I St'o;sion: 1 18 01 93 l!'vision: o 19 01 93 Owg#: CZ: ltt. Z 

I 
I 
I 
I 
I 
I 
I 
I 

' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

·~= 5 STORAGE ANO l!F!!NG (10, 12) 
Par.1111eter: llAZARO Intention: 
- I CEVrATIOIC CAUSES ' COllSEOUEMCES I I 

TOXIC !valve leaks. I S.'1131 l chlorine 
RELEASE i !releases. 
MA ZARO I I 

!Pipework 
I 

!Sudden moderate I failures ckJe to \chlorine releases. 
liquid chlorine I 

: expansion. ! 
I i -\Small tank leaks. jChlorine release. 
I 

I 
I Major tank 
ifailure 

; 

' ; Flange leaks. 

i 

: lnstr..-nt 
: fractures. 

Fl~E KAZARO,fire in tank 
! room. 
I 

i 
'. Flaamable 

I 
! Large sudden 
ichlorine release 

,Small chlorine 
:releasf's. 

i 
~Moderate chlorine 
;releases. 
! 

:Major release. 

'Large relea>e. 
imaterial covering· 
itanks • bitl#llen 
:based materials 
i for pipework. 

EXPLOSION iAir holder 
HAZAR~ l explosion. 

FILL lfllG 
HAZARDS 

I Operator error 
[leads to 
!overfill. 
I 

I I 

; 11E11 rt LA TION I Ventilation 
. HAZARD 

1

1 unavailability 
during release. 

!Fire in duct dve 

I
to foreign 
material. 

CONTAM!NATl)Oil/water 
OP! ~AZARO 1contamination 

I from the air 
\tine. 

i IMPACT !Building 
IORCPPEO collapse from 
,LOAD HAZARO,extern~l 

explosion (eg I hydrogen 

1

storageJ. 

·~AINTE~ANCE\Tank emptying 
i HAZARD 

1 

and entry. 

, I 
I 

i?ossible missile 
!generation and 
;punctures. 

!Liquid chlorine 
\sucked back in 
,compressor. 

i 
!No release 
e•tract. 

l 
I 

Failure of 
extract and fire 
spread 

Fire in tank. 

Large release. 

!
Possible release 
and hazard to 

istaff. 

I 
i 
I 

SAFEGUARDS 

Checked with ....aniua 
~ydro•ide each shift. 

Use of acCU11Ulators on 
pipes that can be closr-1 
off. 

l•a ingerit (?) seal on 
flanges etc. 

Uater+ air pressure test 
and ultrasonic thi~kness 
measurements every two 
j years. 

!All the seals are 
;Klingerit, easily 
!differentiated fre111 
I rubber seals. 
i 
I . 
iDepressur1se before work. 

!Fir~ protection 
I equ1 pment. 

!Fire proof material. 

i!:ontrol of igni~ion 

!Sources~ 

I 
I 

I 
!1om seperation and brick 
1walls. 

!Emergency alarm if 
certain level reached. 

12 operators present 
!during filling. 

!Extracts from the tank 
lroom to the hypo plant . 

!spare ventilator. 

!extract ducts kept clean. 
I 

!separation, drying and 
!filtering in air supply. 

I 
!concrete cladding on 
I ~ydrogen tank. 
l40m separation. 
I 

Procedure for tank 
checking and cleaning. 

Use water to clean and 
drain. 

Safety systems eneck~d by 
goverrYftent. 

RECOMENOATIOllS 

Check operation 
of accunulators. 

I 
i 
I 

Check emergency 
!system 
, availability. 

I 

Not 

Pri.atech Inc. 

CONIENTS 

Node: 5 
Page: t 

~ on busy shifts. 

No alarm. 

!No procedures for control! 
of flanmable materials. 

~e nave seen material in 
ducts. 

\ 
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~AZ~-Pc z_oz \lortsheet 

C~:B~ 
~3Ct l i ty: CHLORlllE PIOOUCTIGK AMO STOii.AGE 

Sess1cn: 1 16 01 93 Revision: G 19 01 93 0.,.g#: CZ: Att. 2 
~ode: 5 STORAGE All!> Llf;(NG (10, 12) 

P3r3111eter: HAZAllO Intention: 

I ' 
OEVIATIOll CAUSES i CQJISEOUEllCES SAFEQJAIOS RECOKllOA Tl OllS 

I I I Bursting disks checked 
' against specification. 
: i 

I ' luse of exhaust iliquid chlorine I system. 

I Jr~ining in 
!Moderate chlorine 

I 

pipework. Ste• heating. 
i ,release. 

: I 
!Possible release 

' 
!wort on ProdlJction stops. 
I ventilation Ito atmosphere if 
! sys tea. !system not 

! 
!available_ 

'THIRD PAR!YIRailway activity.ifire in storage None. !Check drainage 

;ACf!VITY iflamnable 1area leading to I 
of possible 

HAZARD : material present. 1 release_ i lsp!lls from 
I , 

I 

' I : i ra1l::ars. 

I I I 
ESCALATION \Explosive iMissile hazard. i300m separate from 

ttAZARO ,materials stored ! ichlorine storage. 
l in another part 

I 

: 
!of s·te. I I 
i : I ;Peroxide ~lant Check hazard f rOlll 
I peroxide. :nearby. I 

' : 

Pri•tech Inc. 

COIMEl!TS 

Possible to ha~ 
material in 

llode: 5 
Page: 2 

I 

storage when ventilators 
not available. 

Used as a marshalling 
yard. 

\ 
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CQlllP.3nY: B'\11'! 
Facility: CMLOfllNE PROOIJCTIOlll AJIO STORAGE 

·~= 6 Page: t 

Session: t i8 Ot 93 
•~: 6 LOADING (lt) 

Paramrter: HAZARD 

! OEYIATIOll I CAUSES 

I 
HAZAROibtemal f i rr.>. ,FIRE 

I 

I 
I . 

TOXIC 1Dnve away 
! RELEASE I accident. 
'.HAZARD I Fai lur~ _of 

. connec: tt on to 
lrail car. 

i Failure to 
;extract chlorine 
!from pipeline. 
i 
:valve leaks. 
! 
I 

I 
I 
I 
'. Orun/cyl inder 
j failure. 

I Flexible pipe 
jtailure. 

\valve leaks on 
iplpe. 
I 

'CONTAM!NATtiResidue material 
;ON HAZARD in 

cylinders/drums. 

lflexib~e p~pe 
contamrnat 1 on. 

i IMPACT \valve or drun or 
11)ROPPEO cylinder 
ILOAO HAZARO,failure on 
i dropping during 
I lifting. 

Exposed pipework 
in lifting area 
broken by druns. 

I I 

. I .. 
1 HA!NTENANCEIOve~t1ll1ng of 
I HAZARD cyl 1nders/druns. 
I 

ESCALATION I .. " ;" storage 
HAZARD area. 

I 
I 
I 

1C~\.ORINE 

:UNLOADING 
iHAZARO. 

Revision: 0 19 01 ~3 

[ntMtion: 

CONSEOUEMCES 

I catastrophic 
i f3i lure of 
I rai lcar _ 
I 

Dwg#: C2: Att. 2 

SAFEGUARDS RECCIMENOATIONS 

I 
!Large rele:1se. 

I 
I 
:aail line blocked. 

IKlingerit vaive 

Check if railcars 
chocked. 

!As above 
I 

i 

\Release of 
:chlorine in 8-9m 
lot pipeline. 
! 
iSmall releases. 
I 

[Moderate chlorine 
lrelease. 

I 

I JHoderate chlorine 
!release. 
I 
i As for other 
: leaks. 

v3lve 

!Cylinder/drun 
I if reactions. 

I Possible 
! reactions. 
I 
I 
! 

I 
I 

protection (why was 
this brought up). 

Action to close valves to 
achieve flowback. 

!checked by an111on:un 
Jhydroxide 
I 

I ;Checked every 2 years for 
iwall thickness and 
!cleaned by water. 

Changed at 3 month 
i nter·va ls. 

I 
!checked for weight. If Check procedure. 
!water present handed to I 
jgovt. If chlorine present!' 
!cylinder is re·used. 

i I 

Cleaned with COflllressed 
air at each use. 

Valves of 
druns/cylinders protected 
during storage but not 
during lifting. 

Moderate chlorine Not in vehicle traffic 
release. area, but could otherwise 

happen during lifting 
operations. 

Possible failure 
of drun or 
cylinder on 
temperature 
increase. 

!
Daily checking of weight 
scales. 

COMMENTS 

l
•o overpressure 
protection on r:1il 
tar.ks. 

car 

Apparently no check of 

l
v~lve seal~ng before 
d1sconnect1on. 

No documented check of 
hose change·out. 

Presence of chlorine is 
checked by connecting to 
exhausting system, if not! 
extracted it is not 1 

!chlorine. Procedure I 
assumes either chlorine I 
or water. 

Covers on drl.MllS 
apparently not always 
used. 

\

Failure of 
druns or 
cylinders. 

Storage limited to 25·30 Check fire protection 
druns and 200 cylinders. in storage area. 

I 
:Chlorine release 
' 

Check operation 
of system during 

l
unloading (not 
designed for 
ithis). 

\ 

' t 
1 

.. 
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Hazard Overview (the Slllilll colums are categories: L, likelihood; SM, harm to man; SE, harm to the envirorvnent) 

No Hazard Cause Safeguards Consequences L SH SE Conment Potent1a1 Hajor 
Acc1dent7 

1 Exposure to Process leaks and Extraction to hypo Occupational a a A Consider better wind N,, • for 1111 j or 
chlorine in upsets plant, canister exposure to chlorine Indications, escape chlorine leaks 
electrolysis respirators Instructions end provision Ht below, 
rOOlllS of COf11>ressed air breathing 

acoaratus 

2 Exposure to Spillage leading to Worker exposure to A a A Consider sealing and washing No 
•rcury contamination and mercury of floor, l""roved 

inhalation procedure• for removing 
amalgam blockages, use of 
11clean11 and "dirty" are11 

3 Magnetic fields High currents in Affects heart c c A Con1lder berrlne e""loyees No l ., I 

electrolysis room pacemaker11 and visitors with pacemakers 
from high current areas 

4 Hydrogen fire Ignited leaks Concrete contairvnent Multiple injuries or D D A Consider i""roved control of Yes • however 
or explosion and use of fatalities Ignition sources (Introduced this 11 not 
associated with electrically by vl1ltor1) and water 1e1l considered 
gasholder protected equipaent heating further •Ince the 

hydrogen 
Inventory 11 not 
sufficient to 
trigger Seveso 
upper tier 
ranul remenu 

5 Falling hazard Human error Single Injury or c a A Conalder provlaion of better No 
fr0111 railcar fat a'. i ty fall Protection 

I 

I 
6 Electrocution Entry to rectifier Injury or death of c c A Consider Introduction of No 

hazard cabinets worker or permit to work system and 
unauthorised person locks for electrical 

Jl 
cabinets 

1 Moving lnc~lete machine Serious worker c c A Conaider l""rovement1 to No 
111chinery guards in COf11>ressor Injury or death machinery guards 
hazard room 

8 Ultra·violet Exposure from light faces wal I Occupational A 8 A Consider l""rovud 1y1tem to No 
haiard hydrogen·in·chlorine exposure to eliminate personal exposure 

testing procedure in ultraviolet light 
c~ressor room 

': 

1 
,, ~ / t 

' 
"' c # ...... d ..... 



.. -- -,,. 
, .. 
~ ........... 

~ - - - - - - - -
9 Major pipework lq>act, Engineering control, 

release of overpressure, inspection and 
gaseous or corrosion, support testing. Extract ion 
liquid chlorine failure, to hypo plant. 

Nintenance, Shutdown of 
operator error, production on 
introduction of c~ressor failure 
reactive niaterials, 
etc 

10 Release of llllPOCt, Engineering control, 
chlorine frOlll overpressure, inspection and 
storage tanks corrosion, operator testing. Extraction 

error, escalation to hypo plant 
(fire, explosion, .. ) 

11 Release of Operator error, Operational 
liquid chlorine pipework fatigue, procedures 
during filling drift rollaway, 
of drUlllS and dropped dr1.111 
cyl irlders 

12 Release of Operator error, Operational 
chlorine during pipework fatigue, procedures 
filling of roll away 
rai lcar 

13 Failure of full Rail incident, Design and 
rail car operator error inspection 

during filling, 
escalation of fire 
or explosion, 
corrosion 

14 Environmental Major accident in Interceptor system 
pollution l:ly cell roOlll leading to 
1111rcury release of mercury 

to drains 

'~ 
• 

'· "' ........ • 

- ... - -
Potential to lead to c E a 
of·site injuries or 
death 

Potential to lead to E E c 
off-site injuries or 
death 

Potential to lead to c E 8 
off-site injuries or 
death 

Potential to lead to c E a 
off-site injuries or 
death 

Potential to lead to E E c 
off-site injuries or 
death 

Environmental D A c 
mercury poisoning 

-
' 

- - - - - -
Consider !~roved YH · lee 
operational procedures, potential major 
provision of !~roved ICC I dent , 
pipework 1upport, !~roved 
engineering standards, 1110 
!~roved breathing 
1pp1r1tu1, as above, 
chlorine detection 
equipment, ind remote shut· 
off valves 

Ylll • HI 
potential major 
accident 2 

Consider !~roved procedure• Yll • IH 
and increased u1e of potential major 
procedures, routing pipework accident 3 
away from lifting area, use 
of i~roved connecting 
ho1e1, prevention of 
slnultaneous lifting and 
filling 

Consider l~roved YH • IH 
procedures, and Increased potent i 11 1111jor 
use of procedures. Al10 accident 4 
con1ider design changes to 
connecting pipe and to 
valves (10 aa to allow 
continuous venting) 

Consider i~rovementa to YH ·HI 
management and engineering potential major 
control of rallcars accld1nt 5 

Consider f~roved management YH • but not 
of mercury, 1oe above, con1fdered 
Consider carrying out further In this 
mercury 111111 balance report 11 the 

drainage 1y1tem 
l IH out1id11 thl 
acope 

.... , ..... 1 .... 
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15 Hydrogen- Increase in hydrogen Hourly monitoring Could cause local c 

chlorine content o' chlorine both in cellrooms injury and death 

eitplosion during processing and c~ressor room. 
due to i""'°'ri~ies Availability of hypo Could also lead to 0 

(this reaction is plant to absorb off·slte effects if 
very sensitive to production there ls a major 
ignition in some chlorine release 
concentrations). 
This is a particular 
hazard during start 
UD 

16 Enviror.ental Fire water run·off Interceptor system Could cause major D 

pollution by or possible other short term effect 

bulk chemicals major accident 

17 Hydrogen fire Leak with ignition Local injury or 8 

or explosion in due to 11111intenance death 

c:ell r00111 or other activities 

. ' 
1' • 

' 

' ~ - - - - - - -
c A Consider procen Y11, in cue of 

alterations, or l~roved chlorine relea11, 
quality of feedstock to but this is 

E 8 reduce or eliminate hazard included in major 
accident& 1·5 
above 

A c Not considered 
further but 1n 
a11a11ment over 
the 1ite of the 
fire water run· 
off pottnti1l 
should be 
con1idered 

8 A Consider l~roved No 
containment of hydrogen and 
control of potential 
ignition sourc11 

,.,.._ -.... 
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- I E2: Attachment 4 

I Categorised Risk Evaluation 

Risk matrix for hann to man 

I Likelihood 2 
8 

I A 

Category 

I I 
17 

I 
B 

-
I 5 3 9 

6 11 

I 
c 7 12 

15a 

I 14 4 15b 
16 

' D 

I .. . ~ I '~ ~ 

JO 
13 

E • 

\ -1 ' 

I 
F 

I 
I 

A B c D E 

Consequence category 

I 
I 

•• I 
t r 

' I 
l 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

\ 

I 
I 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DA TE: 16/2/93 

I SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Pipework Release 

I 
Attachment List 

I No - No Title ID Issue Pages Comment 

I I Calculation of pipework 4 
release frequency 

I 
J' ,, 

I 
' 

I 
·~ I \~ 
~ 

" ~ ... I ' 
Revision History 

Date Issue Comments 

I 19/2/93 1 First issue by SRD 

I 
I 
I 
I Prepared by: A Garlick Signature: 

f. I I DRAFT c c 1993 AEA Technology 
t r t 

9 
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\ 
OUTLINE SAFETY DOCUMENT 

POTENTIAL ACCIDENT ASSESSMENT E3 
INDUSTRIAL ACTIVITY: 

2 ' Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 l DA TE: 16/2/93 ' SUBSTANCE: Chlorine 1 
POTENTIAL MAJOR ACCIDENT: Pipework Release 

Description 
\ 

Description of the accident: • 

Failure of chlorine pipework leads to release of gaseous or liquid chlorine either in 
planl rooms or outside. Failure can be caused by impact, operator error, 
maintenance error, introduction of reactive material, collapse of pipework support, 
corrosion, or the effects of local fires or explosions, including internal hydrogen 
explosions. 

' 

Number of persons exposed to the accident: 

Many thousand members of the public 

Classification of the accident: 

Toxic release 

Description of on-site response: 

As described in C2. Main procedure is donning of gas marks and attempted escape 
upwind. 

' 
Has the on-site response been specifically designed against this accident? 

Yes 

Description of off-site response: • 

Off-site emergency plan details not available to us. 

Has the off-site response been specifically designed against this accident? 

Not applicable I I DRAFT c I ~ 1993 AEA Technology . -,;: ~ 
.. 

J - . . . 



.. ~··--P' - -

. .. 
. 1! • 
-1 r 
' '" l ._,: - 1-. 

,.-, I 
-l 

\-

... 
;._-

-·-. ...-;I 

-

r .. 

' 

·~ '~ ~ 

\ ... 
' 

•• 

t 
~ 

t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
r 

--4-- ---- --- -
':'" 

OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1sSUE: 1 I DATE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Pipework Release 

Estimates of Likelihood 

Categorised likelihood assessment 

Category assigned: C 

Reasons/data: 

Considerable lengths of pipework, much poorly supponed, or in vulnerable positions. 

Generic frequency assessment 

Basic generic frequency used: 

6xl<r' per year, release 0 11er I kgls 
6xl0-1 per year, releases under I kg/s 

Reasons/data: 

See Attachment I 

Effect of protection systems: 

Releases assumed terminaied in 30 mins. 

Reasons/ data: 

No immediate protective systems. Source of leak will need to be identified, operator 
will have to don breathing equipment to isolate leak, and carry out procedure 
co"ecrly. 

Adjusunent factor: 3 

I DRAFT c c 1993 AEA Technology 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1ssuE: 1 l DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Pipework Release 

Reasons/data for adjustment: 

We found several shortcomings in the safety management at BVM (see Section D), and 
in particular the standard of pipework appears to be poor, both in terms of joints and 
engineering (see Section £2: Attachment 1). Therefore a factor approaching the 
maximum which might be used in the UK to account for this is applied. 

Detailed systems analysis 

Not applicable 

Estimates of Consequences 

Categorised consequence assessment 

Category assigned: E 

Reasons/ data: 

Releases over I kgls would have the potential to be lethal at ranges of several 
hundred metres. There is domestic housing within such ranges. 

Detailed consequence assessment 

A typical release size of 2 kgls for 1800 s, is chosen. Based on CRUNCH runs the 
length of lhe plume within which the HSE dangerous dose (60 ppm for a duration of 
30 mins) is exceeded and the maximum plume width are as follows: 

Weather 

D5 
F2 

Downwind 
Distance 

448m 
1640m 

Maximum 
Half-Width 

35 m 
165 m 

Distance to 
Maximum Width 

220m 
430m 

The co"esponding data for a dose of 300 ppm, which is the dose which will be fatal 

I DRAFT c ~ 1993 AEA Technology 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

5 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I 1ssuE: 1 I DATE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Pipework Release 

to approximately 503 of the population are: 

Weather 

D5 
Fl 

Downwind 
Distance 

I96m 
568m 

Maximum 
Half-WidJh 

20m 
125 m 

Distance to 
Maximum Width 

80m 
260m 

The results are for a liquid release, but a gaseous release gives similar figures. 

Evaluation 

Likelihood: 2.rUl1 per year 

Safety consequence: 

Lethal concentrations of chlorine for 600 m downwind in adverse weather conditions, 
and UK "dangerous doses" for 1600 m downwind. 

Envirorunental consequence: 

Some local effects on plants etc, but not of significance compared to harm to man. 

Overall risk: 

See Section F 

Opponunities for prevention: 

Improved pipework engineering (better support, more consistent engineering, better 
protection from impact). less complex operations and improved procedures. 

Opponunities for control: 

Provision of remote cut-off systems. 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

6 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 1 I ISSUE: 1 I DATE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Pipework Release 

Opponunities for mitigation: 

Provision of improved emergency procedures. both on- and off-site, including escape 
cross-wind, visible and reliable wind indications at all points 

See also Section D for potential improvements to emergency plans. 

Actions proposed or to be taken: 

Not applicable 
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E3(1): Attachment 1 

Calculation of pipework release frequency 

Several pipework sections contain chlorine under pressure all or some of the time. Each has 
been estimated by plant perso1U1Cl for length, diameter and number of flanges. 

I Gaseous chlorine between compressors and condensers 

This consists of around 80 m of pipework with diameter between 50-100 mm, containing 
about 50 flanges. 

Based on the generic data in the guidance the following frequencies might be experienced: 

Guillotine failure: 
25 mm diameter hole: 
4 mm diameter hole: 
Flange leak ( < 17 mm equiv diam): 

80 x 5e-7 = 4e-5 pa 
80 x 5e-6 = 4e-4 pa 
80 x le-5 = 8e-4 pa 
50 x 4e-6 = 2e-4 pa 

The equivalent diameter of a flange leak is based on an assumed seal thickness of 3 mm and 
4 bolts per flange. 

The guillotine break is assumed to release chlorine at the production rate (3 kg/s) whereas 
the smaller holes give releases of order 0.5 kg/s (25 mm and flange leak) and '.:>.03 kg/s (4 
mm) based on the CIA nomograph method assuming a pressure of 3 bar, ignoring pipework 
losses. 

2 Liquid chlori11.e between condensers and storage tanks 

This consists of around 120 m of pipework with diameter between 20-25 mm, containing 
about 50 flanges. 

Based on the generic data in the guidance the following frequencies might be experienced: 

Guillotine failure: 
4 mm diameter hole: 
Flange leak (about 8 mm equiv diam): 

120 x le-6 = l .2e-4 pa 
120 x le-5 = 1.2e-3 pa 
SO x 4e-6 = 2e-4 pa 

Again the equivalent diameter of a flange leak is based on an assumed seal thickness of 3 mm 
and 4 bolts per flange. 

The guillotine break is assumed to release chlorine at the production rate (3 kg/s) whereas 
the smaller hole gives releases of less than 0.3 kg/s. The flange leak may give a release over 
1 kg/s. 

3 Gaseous chlorine in recycle from storage to compressor 

This consists of around 95 m of pipework with diameter 32 mm, containing about 40 flanges. 
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If this pipework fractures. and it is not isolated there can be a release from the storage tank 
driven by the evaporation rate from the tank. Such releases are ignored in this study since 
they are judged not to make a significant contribution to risk compared with other releases. 

4 Liquid chlorine between storage tanks and loading faciiities 

This consists of around 140 m of pipework with diameter of 20 mm, containing about 60 
flanges. 

This pipework is not used all the time (though when not in use, it is not clear that it is 
isolated). Therefore a factor of 303 is applied to the frequencies. Based on the generic data 
in the guidance the following frequencies might be experienced: 

Guillotine failure: 
4 mm diameter hole: 
Flange leak (8 mm equiv diam): 

140 x 0.3 x le-6 = 4e-5 pa 
140 x 0.3 x le-5 = 4e-4 pa 
60 x 0.3 x 4e-6 = 7e-5 pa 

Again the equivalent diameter of a flange leak is based on an assumed seal thickness of 3 mm 
and 4 bolts per flange. 

The guillotine break is assumed to release chlorine at a rate of several kg/s whereas the 
smaller hole gives releases of less than 0.3 kg/s. The flange leak may give a release over 
1 kg/s . 

5 Liquid chlorine between storage tanks and evaporator 

This consists of around 110 m of pipework with diameter of 20 mm, containing about 40 
flanges. 

This pipework is not used all the time, only for feeding the organics plant and HCI 
production if there is insufficient feed from the compressor. Therefore a factor of 10% is 
applied to the frequencies. Based on the generic data in the guidance the following 
frequencies might be experienced: 

Guillotine failure: 
4 mm diameter hole: 
Flange leak (8 mm equiv diam): 

110 x 0.1 x le-6 = le-5 pa 
110 x 0.1 x le-5 = le-4 pa 
40 x 0.1 x 4e-6 = l.6e-5 pa 

Again the equivalent diameter of a flange leak is based on an assumed seal thickness of 3 mm 
and 4 bolts per flange. 

The guillotine break is assumed to release chlorine at a rate of several kg/s whereas the 
smaller hole gives releases of less than 0.3 kg/s. The flange leak may give a release over 
1 kg/s. 

6 Gaseous chlorine between evaporators and organics plant 

This consists of around 300 m of pipework with diameter 100 mm, containing about 35 
flanges. 
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This pipework is not used all the time. However, we were told lhat about 53 of total 
production goes to the organics plant at a flow rate of 0.3 te/hr - about 153 of average 
production rate. There a factor of 0.3 only is used for this. Based on the generic data in 
the guidance the following frequencies might be experienced: 

Guillotine failure: 
25 mm diameter hole: 
4 mm diameter hole: 
Flange leak (17 mm equiv diam): 

300 x 0.3 x 5e-7 = 5e-5 pa 
300 x 0.3 x 5e-6 = 5e-4 pa 
300 x 0.3 x le-5 = le-3 pa 
35 x 0.3 x 4e-6 = 4e-5 pa 

The equivalent diameter of a flange leak is based on an assumed seal thickness of 3 mm and 
4 bolts per flange. 

It is not clear what pressure conditions are experienced in this pipework. Therefore it is 
pessimistically assumed lhat the guillotine break will release chlorine at over 1 kg/s (though 
the apparent transpon rate is only 103 of this) whereas the smaller holes give releases less 
than this. 

7 Gaseous chlorine between evaporators/compressors and HCI plant 

This consists of around 100 m of pipework with diameter between 100-125 mm, containing 
about 20 flanges . 

This pipework appears to be used most of the time, and so no allowance is made for non use. 
Based on the generic data in the guidance the following frequencies might be experienced: 

Guillotine failure: 
25 mm diameter hole: 
4 mm diameter hole: 
Flange leak ( < 20 mm equiv diam): 

100 x 5e-7 = 5e-5 pa 
100 x 5e-6 = 5e-4 pa 
100 x le-5 = le-3 pa 
20 x 4e-6 = 8e-5 pa 

The equivalent diameter of a flange leak is based on an assumed seal thickness of 3 mm and 
4 bolts per flange. 

It is not clear what pressure conditions are experienced in this pipework. Therefore, as 
above, it is assumed lhat the guillotine break will release chlorine at over 1 kg/s (roughly the 
transpon rate) and lhat the smaller holes will give releases less than this. 

Other pipework 

In addition there is chlorine under negative pressure in the pipework between electrolysis and 
the compressors, and in the pipework leading to the hypo plant. In the case of the former, 
failure of this pipework could lead to a release of the order of the production rate (3 kg/s). 
We noted that the pipe leading into the compressor room is unprotected, and this is also a 
potential release. However, we did not collect data on pipelengths for these pipes. These 
releases are ignored since they will not make a major difference to the frequencies estimated 
already. 

Total frequencies 
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The frequencies are birmed for each release into those which give rise to releases above and 
below 1 kg/s. This retlects the categories which will be used for consequence assessment. 

Although many of these releases will happen inside the buildings, this will not have a major 
effect on releases to the environment since the buildings are not sufficiently sealed to. The 
frequencies in the following table are therefore used in the remainder of the assessment. 

Pipe < 1 kg/s > 1 kg/s 

1 l.4e-3 4e-5 

2 l.2e-3 3.2e-4 

3 - -
4 4e-4 l.2e-4 

5 le-4 3e-5 

6 l.5e-3 Se-5 

7 l.6e-3 Se-5 

Total 6e-3 6e4 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

1 Production Storage and Shipment of Chlorine at BVM 

NUMBER: 2 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Storage Vessel Release 

Attachment List 

No 
No Title ID Issue Pages Comment 

I Calculation of storage 1 
tank release frequency 

Revision History 

Date Issue Comments 

16/2/93 1 First issue by SRO 

Prepared by: A Garlick Signature: 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

2 Production Storage and Shipment of Chlorine at BVM 

NUMBER: 2 I ISSUE: 1 I DATE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Storage Vessel Release 

Description 

Description of the accident: 

Release of chlorine from storage tanks. This could be caused by overpressure, 
impact, corrosion, operator error, or as a result of a fire in the storage area or by 
missiles generated by accidents elsewhere on the plant. The failure mode can either 
be catastrophic, or a hole above or below the liquid chlorine level. 

Number of persons exposed to the accident: 

Many thousand members of the public, especially if there is a catastrophic release. 

Classification of the accident: 

Toxic release 

Description of on-site response: 

As described in C2. Main procedure is donning of gas masks and attempted e::;cape 
upwind. Presumably some activity takes place to transfer the chlorine from the failed 
tank - this has not been looked at in detail. 

Has the on-site response been specifically designed against this accident? 

Yes 

Description of off-site response: 

Off-site emergency plan details not available to us. 

Has the off-site response been specifically designed against this accident? 

Not applicable 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

3 Production Storage and Shipment of Chlorine at BVM 

NUMBER: 2 I 1sSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Storage Vessel Release 

Estimates of Likelihood 

Categorised likelihood assessment 

Category assigned: E 

Reasons/data: 

The storage tanks appear to be well managed and regularly inspected by the 
authorities, though we have not checked this point. 

Generic frequency assessment 

Basic generic frequency used: 

8xl<Y' per year, instantaneous release of 20 te of chlorine 
5xl(}5 per year, continuous release of over I kgls of chlorine 
(Note that 3xJ{}5 per year of this is large releases of over JO kgls) 
2xlo-' per year, continuous releases of under I kgls 

Reasons/data: 

See Attachment I 

Effect of protection systems: 

Continuous releases assumed terminated in 30 mins. 

Reasons/ data: 

Although this is the same assumption as for accident I it is a little optimistic try 
comparison, since it will be a more complicated operation to identify the problem and 
transfer the liquid chlorine - if this possible. However, the 30 min assumption is 
consistent with UK practice in this area. 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

4 Production Storage and Shipment of Chlorine at BVM 

NUMBER: 2 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Storage Vessel Release 

Adjusnnent factor: I 

Reasons/data for adjusnnent: 

In the UK credit would be given for the good standard of tank managemeni - say a 
factor of 0.5. However, the potential for external events to cause tank failure (for 
example no control of .flammable materials in the tank room) means that no 
adjustment will be made. 

Detailed systems analysis 

Not applicable 

Estimates of Consequences 

CaJegorised consequence assessment 

Category assigned: E 

Reasons/data: 

The catastrophic releases have the potential to be lethal at ranges over I km. Many 
thousands of people live within this range. 

Detailed consequence assessment 

The continuous releases over I kg/s are modelled in the same way as for accident I. 
(This is somewhat optimistic for releases over JO kg/s.) The catastrophic release is 
conservatively modelled by the 40 re release discussed in accident 5. It is not 
anticipated that this will make sign~f.cant differences in the results, given the very 
approximate nature of the risk assessrzent. 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

5 Production Storage and Shipment of Chlorine at BVM 

NUMBER: 2 I 1sSUE: 1 I DATE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Storage Vessel Release 

Evaluation 

Likelihood: 8xUY' per year, catastrophic release 
5xl 0-5 per year, continuous release 

Safety consequence: 

For the continuous release see accident I; for the instantaneous release. lethal 
concentrations may be experienced up to 2 km downwind in unfavourable weather and 
the dangerous dose out to 10 km. 

Envirorunental consequence: 

Some local effects on plants etc, but not of significance compared to hann to man. 

Overall risk: 

See Section F 

Opportunities for prevention: 

Better control of flammable material and ignition sources in storage areas. 

Opportunities for control: 

Could consider provision of remote operated system for tank emptying. 

Opportunities for mitigation: 

Storage room doors sn ·11d be kept shut at all times. Performance of the extraction 
system should be cht':l:ed. See also Section D for potential improvements to 
emergency plans. 

Actions proposed or to be taken: Not applicable 
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E3(2): Attachment 1 

Calculation of Storage Tank Release Frequency 

The generic frequencies given in the guidance are: 

Catastrophic failure: 
50 mm diameter hole: 
25 mm diameter hole: 
13 mm diameter hole: 
6 mm diameter hole: 

Catastrophic failure 

4 x 4e-6 = l .6e-5 pa 
4 x 5e-6 = 2e-5 pa 
4 x 5e-6 = 2e-5 pa 
4 x le-5 = 4e-5 pa 
4 x 4e-5 = l.6e-4 pa 

In principle a number of scenarios should be calculated, depending on the level of the tank 
on failure. Here we consider only two cases. The first is failure of a full tank, leading to 
an instantaneous relea~ of 20 te of chlorine to the atmosphere. We consider that 
catastrophic failure of this size will not be significantly mitigated by the building. The other 
case assumes a nearly empty tank (containing only a few tonnes) and this is ignored since it 
will not contribute significantly to risk compared with the other releases considered. Thus 
an instantaneous release of 20 te of chlorine with a frequency of 8e-6 per year is assumed. 

Vessel holes 

It is assumed that 503 of the vessel holes lie above the liquid level leading to a gaseous 
release. 503 are below with a liquid release. Using the nomograph in Attachment 1 of 
accident 1 and an assumed pressure of 3 bar the following release rates are estimated: 

Size 
(mm) 

50 
25 
13 
6 

Gas 
(kgls) 

3 
0.6 
0.2 
0.03 

Liquid 
(kgls) 

>10 
>10 
3 
0.6 

Totals 

f( < 1 kg/s) f( > 1 kg/s) 

2e-5 
le-5 le-5 
2e-5 2e-5 
l.6e-4 

Se-S 

The table also shows the corresponding frequencies of release of above and below 1 kg/s. 

Releases below 1 kg/s are likely to be controlled by the extract system provided to remove 
leaking chlorine to the hypo plant. Larger releases may not be controlled in this way, 
especially as the doors of the storage area are normally left open. 
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INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 3 I 1sSUE: 1 I DATE: 16/2/93 

SUBSTANCE: Chlorine 
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POTENTIAL MAJOR ACCIDENT: Release from Drum/Cylinder Filling 

I 
Attachment List 
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1 Calculation of release 2 

I frequencies for drum and 
cylinder filling operations 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 3 I 1sSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Release from Drum/Cylinder Filling 

Description 

Description of the accident: 

This could be due to leaks or fractures of the loading pipework caused by drum 
rollaway or fatigue of the transfer pipe. An additional cause would be catastrophic 
failure of a drum: dropped while being lifted. overfilled, or overpressure due to 
reactions with contaminants. Damage to pipework caused by drum lifting is 
considered in accident 1. A funher hazard would be explosions ca't.Sed by 
contaminaied drums or cylinders. This has been experienced - see section C3. 

Number of persons exposed to the accident: 

Releases from the catastrophic failure of a drum could expose many thousand 
members of the public. 

Classification of the accident: 

Toxic release 

Description of on-site response: 

As described in C2. 

Has the on-site response been specifically designed against this accident? 

Yes 

Description of off-site response: 

Off-site emergency plan details not available to us. 

Has the off-site response been specifically designed against this accident? 

Not applicable 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTi.JITY: 

3 F>roduction. Storage and Shipment of Chlorine at BVM 

NUMBER: 3 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Release from Drum/Cylinder Filling 

Estimates of Likelihood 

Categorised lilcelihood assessment 

Category assigned: C 

Reasons/data: 

Considerable number of loading operations per year, using fallible technology. 

Generic frequency assessment 

Basic generic frequency used: 

Jx/(}1 per year, catastrophic drum failure 
4.5xJ(}2 per year, transfer pipe failure 

Reasons/data: 

See Attachment I 

Effect of protection systems: 

Continuous releases assumed terrninaJed in 30 mins. 

Reasons/data: 

In this case the standard UK figure is probably pessimistic since releases from pipe 
fractures can probably be easily and quickly isolaled. However, since these releases 
are not considered as contributing to the risk, this is not imponant. 

Adjustment factor: 

Reasons/data for adjustment: 
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OUTLINE SAFETY DOCUMENT 

POTENTIAL ACCIDENT ASSESSMENT E3 
INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 3 I 1sSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Release from Drum/Cylinder Filling 

Incorporated in the assessment - see Attachment 1. 

Detaihd systems analysis 

No·· applicable 

Estimates of Consequences 

Categorised consequence assessment 

Category assigned: E 

Reasons/data: 

The catastrophic I te release would have the potential to be lethal at ranges of 
several hundred metres. There is domestic housing within such ranges. 

Detaihd consequence assessment 

The guillotine failure of the transfer pipes is ignored - see Attachment 1. The 
consequences of a sudden release of I te chlorine following catastrophic drum failure 
is modelled using the DE.NZ code. The plume is described as follows for the HSE 
"dangerous dose": 

Weather 

D5 
F2 

Downwind 
Distance 

602 m 
1443 m 

Upwind 
Distance 

13 m 
85 m 

Maximum 
Half-Width 

nm 
Jfj() m 

Distance to 
Maximum Width 

160m 
130m 

The co"esponding data for a dose co"esponding to five times the concentration, 
which is the lethal dose for 50% of the population are: 

I DRAFT c c 1993 AEA Technology 

\ 



.. 0•' .. -

• . 1! .. 

-· I \ - I 
I 
I 
I 
I 
I -
I 
I 

,. 

I 
\ 

I 
\\.' I '~ 

\ I 
I 
I 
I 
I 
I 
I 

t ' .. 
l 

' ---- - - - - - --- - -~ 
•.z-·~.-.-.-- .. --

OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

Production, Storage and Shipment of Chlorine at BVM 5 
NUMBER: 3 I ISSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Release from Drum/Cylinder Filling 

Weather 

D5 
F2 

Evaluation 

Downwind Upwind 
Distance Distance 

209 m 13 m 
355 m 85 m 

Likelihood: Ja-1 per year 

Safety con~uence: 

to be added. 

Environmental consequence: 

Maximum Distance to 
Half-Width Maximum Width 

66m 85m 
135 m 56 m 

Some local effects on plants etc, but not of significance compared to harm to man. 

Overall risk: 

See Section F 

Opponunities for prevention: 

Increased use of procedures for loading cylinders and drums. Rerouting pipework 
away from exposed areas. Review of safery management of lifting operation. Review 
of design and inspection of drums. 

Opponunities for control: 

None suggested. 

Opponunities for mitigation: 

See accident I. 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

\ 

I INDUSTRIAL ACTIVITY: 

6 Production, Storage and Shipment of Chlorine at BVM 

I 
NUMBER: 3 I 1ssuE: 1 I DA TE: 16/2/93 

I SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Release from Drum/Cylinder Filling 

I 
Actions proposed or to be taken: 

I - Not applicable 
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E3(3): Attachment 1 

Calculation of release frequencies from drum and cylinder filling operations 

Two types of accident are considered. One is pipework fracrure during loading; the other 
is catastrophic failure of a full drum, for example if dropped during a lifting operation. 

Transfer pipe failure 

13000 cylinder and 2000 drum loadings are performed each year. This implies a fracrure 
frequency of: 

15000 x 3e-6 = 4.5e-2 pa, 

on the basis of the generic frequencies referenced in the guidance. 

This is high - near the level where it could be falsified on the basis of past experience, since 
it pred· -:ts failure every 20 years. No such events were found in the five year period 
discussed in Section C3. and a funher survey could be carried out. 

The release rate of these guillotine failures is estimated at roughly 0.3 kg/s assuming a 
driving pressure of 3 bar. This is less than the level of 1 kg/s at which we consider off-site 
effects. 

It is not clear whether this is correctly estimated since it would take a long time to fill a 
drum (about an hour) at this rate. However a non-fla"hing release rate at this pressure and 
for this pipe is around 1 kg/s which is probably closer to the filling rate. However it is 
apparent that these rates will put considerable pressure on the filling staff when an average 
of 10 drums per working day have to be filled. It appears to be easily possible to carry out 
lifting operations at the same time as filling is going on. 

Catastrophic drum failure 

There are 4000 lifting operations per year with full drums (2000 drums per year, each with 
2 movements). It is expected that serious drops would occur relatively frequently, perhaps 
every few years. However it is more difficult to estimate whether this would lead to 
catastrophic failure. 

Using the generic data for catastrophic failure of a pressure vessel, and assuming 30 full 
cylinders gives a figure of: 

30 x 4e-6 = 1.2e-4 pa. 

Assuming the lifting operation places greater stress on the drums and increasing this figure 
by an order of magnirude gives le-3 per year. This corresponds to a chance of 2.5e-7 of 
catastrophic failure per lifting operation (and something less than le-2 per serious drop). 
These figures appear reasonable and a frequency of le-3 per year for catastrophic failure of 
a full chlorine drum is adopted. This figure is intended to envelope other cause of 
catastrophic drum failure. including overfilling and reaction with contaminants. 
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A much fuller study, taking account both of the drop frequency, and the materials aspects 
of the drums to determine the fracture probability on dropping to estimate better frequencies 

than these. 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

\ 

I 
I 

INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 4 I 1ssuE: 1 I DA TE: 16/2/93 

I SUBSTANCE: Ch~rine I 
' 

POTENTIAL MAJOR ACCIDENT: Release from Railcar Filling 

I 
I 

Attachment List 

No -
I 

No Title ID Issue Pages Comment 

I None 

,. 

I 
\ 

I 
._, 

I '~ 

~ I Revision History 

I 
Date Issue Comments 

16/2/93 1 First release by SRD 

I 
I 
I 
I Prepared by: A Garlick Signature: Date: !1li. )?J 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 4 I ISSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Release from Railcar Filling 

Description 

Description of the accident: 

Operator e"or while filling (or unloading) may lead to pipework releases in different 
areas of the plant. The focus here is failure of tne connecting pipe to the railcar, due 
to ma/operation or movement of the railcar. 

Number of persons exposed to the accident: 

Members of the public live within the potential hazard range of this incident 

Classification of the accident: 

Toxic release 

Description of on-site response: 

As described in C2. 

Has the on-site response been specifically designed against this accident? 

Yes, this type of incident is covered (chlorine release) though it is not known if this 
specific incident is. 

Description of off-site response: 

Off-site emergency plan details not available to us. 

Has the off-site response been specifically designed against this accident? 

Not .:Jpplicable 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 4 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE:Ch~rine 

POTENTIAL MAJOR ACCIDENT: Release from Railcar Filling 

Estimates of Likelihood 

Categorised likelihood assessment 

Category assigned: C 

Reasons/data: 

This operation is der'!ndent on properly carried out procedures, and the equipment 
(especially the connecting pipe) is fairly crude. 

Generic frequency assessment 

Basic generic frequency used: 

4xl o-4 per year 

Reasons/data: 

Generic frequency is 7.5xla6 per operation and 50 operations per year. 

Effect of protection systems: 

Release assumed terminated in 30 mins. 

Reasons/data: 

This is the standard time for use in the UK, though this failure mode is probably 
anticipated. 

Adjusunent factor: 5 

Reasons/data for adjusunent: 

This is increased somewhal from accident 1 to account for the relatively greater 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 4 I ISSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ,~CCIDENT: Release from Railcar Filling 

potential for operator e"or, compared for the mean for pipework failures. 

Detailed systems analysis 

Not applicable 

Estimates of Consequences 

Categorised consequence assessment 

Category assigned: E 

Reasons/data: 

Releases from a guillotine failure of a connecting pipe can be anticipated as having 
lethal effects several hundred yards away. There are residential areas within such 
ranges. 

Detailed consequence assessment 

The release rate for a guillotine failure of the pipework is estimated to be in the range 
2-3 kg/s, assuming a pad pressure of 8 bar. This would be not much reduced from 
the fill flow rate because at higher pad pressures the effect of flashing is reduced. 

Consequently, for the purposes of this assessment, the effects are expected to be the 
same as for the 2 kg/s release considered for accident 1. 

Evaluation 

Likelihood: 2x10'1 per year 

Safety consequence: 

Lethal concentratioriS of chlorine for 600 m downwind in adverse weather conditions, 
and UK "dangerous doses" for 1600 m downwind. 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

5 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 4 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Release from Railcar Filling 

Envirorunental consequence: 

Some local effects on plants etc, but not of significance compared to harm to man. 

Overall risk: 

See Section F 

Opportunities for prevention: 

Improved use of procedures (for example putting into use the procecmre which was 
wrin.:n for the study). Improved pipework for the railcar connection and improved 
control of reactive materials (we saw a grease tub at the railcar filling point). 

Opportunities for control: 

Provision of remote cut-off system. 

Opportunities for mitigation: 

See accident 1. It should be checked thal the on-site emergency plan deals 
specifically with this incident. 

Actions proposed or to be taken: 

Not applicable 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 
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I 
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INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 5 I 1sSUE: 1 I DA TE: 16/2/93 

• , 
I SUBSTANCE: Chlorine t 

POTENTIAL MAJOR ACCIDENT: Railcar Failure 

I 
Attachment List 

I No .. No Title ID Issue Pages Comment 

I 
None 

I 
, ,, 

I 
\ 

I 
I 

·~ I '~ 
• 

\ I Revision History 

Date Issue Comments 

I 16/2/93 1 First issue by SRD 

I 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

2 Production, Storage ana Shipment of Chlorine at BVM 

NUMBER: 5 I 1sSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Railcar Failure 

Description 

Description of the accident: 

It is possible for several types of failure to occur to the railcar. Here the focus is on 
catastrophic failure modes since this is potentially the most serious credible accident. 
This could be caused 11'; ma/operation (overfilling). material failure (possibly 
coffosion induced). or external effects such as a rail accident. missile penetration or 
fire engulfment . 

Number of persons exposed to the accident: 

Many thousand members of the public 

Classification of the accident: 

Toxic release 

Description of on-site response: 

As described in C2. 

Has the on-site response been specifically designed against this accident? 

Yes - for chlorine releases. It should be checked ihat it specifically covers this 
incident. especially the case of fire engulfment since the fire control measures need 
to be prescribed. and there is a case for precautionary evacuation. 

Description of off-site response: 

Off-site emergency plan details not available to us. 

Has the off-site response been specifically designed against this accident? 

Not applicable 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 5 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Railcar Failure 

Estimates of Likelihood 

Categorised likelihood assessment 

Category assigned: E 

Reasons/data: 

There is apparently good design and inspection of railcars, so the incident is unlikely, 
though not "incredible". 

Generic frequency assessment 

Basic generic frequency used: 

6xl (}6 per year, for catastrophic failure of a full wagon 

Reasons/data: 

It appears there is considerable local concern over the possibility of a full (40 te) 
railcar s~f!ering catastrophic failure. A realistic estimate of the frequency of this 
event (the worst credible accident on the plant) would be complex. 

Provided the thick-walled tank is well designed and inspected, it is likely to withstand 
most external events - slow speed rail incidents on-site (main-line crashes would be 
a funher concern, but lie outside the scope of the study), missile generation by 
explosions on-site, etc. 

This leaves events leading to internal overpressure, the imponance of which is 
emphasised by the fact that - probably quite rightly - no overpressure protection for 
the vessel is provided. Failure could be caused by overfilling and warming up, or by 
fire engulfment (due for example to a motor spirit spill on the adjoining railway). In 
the laner case considerable time would be available for fire control and precautionary 
evacuation, if appropriate. There are a number of operational and design features 
to prevent overfilling, but the possibility of these being defeated exists. 

(jiRAFT C e 1 993 AEA Technology 

\ 

• 

"' 



o.Yl!J •. ... --

,. 
.• ! .. 
·1 

' I 
- I 

I 
I 
I 
I 

- I 
I 
I 

,. 

I 
I ., 
I '~ 

~ I 
I 
I 
I 
I 
I 
I 

e T 

-~-- - --- -- - . -t-
11~~ ... - --· 

OUTLINE SAFETY DOCUMENT 1

E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 5 I 1sSUE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Railcar Failure 

However, failing a full study, the generic figures will be used. Assuming a full 
railcar is on site only 153 of the time, the failure frequency is: 

0.15 x 4xl(}6 = 6xl(}7 per year. 

Increasing this by a factor of JO to account for the potential operator involvement and 
the chance of fire engulfment gives an assumed result of 6xla6 per year. It should 
be emphasised that this is an approximate figure which should be backed up with a 
better estimate if this is considered imponant. 

Effect of protection systems: 

None. 

Reasons/data: 

Apan from the fire fighting requirement already noted, there is no protection from 
catastrophic events. 

Adjustment factor: 

Reasons/data for adjustment: 

Included above 

Detailed systems analysis 

Not applicable 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

5 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: 5 I 1ssuE: 1 I DA TE: 16/2/93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Railcar Failure 

Estimates of Consequences 

Categorised consequence assessment 

Category assigned: E 

Reasons/data: 

Major off-site effects could be experienced several kilometres downwind. 

Detailed consequence assessment 

The effects of a sudden release of 40 te of chlorine following catastrophic failure of 
a full railcar is modelled using the DENZ code. The plume is described as follows 
for the HSE .. dangerous dose": 

Weather 

D5 
F2 

Downwind Upwind 
Distance Distance 

2997m 
10590 m 

56m 
244m 

Maximum Distance to 
Half-Width Maximum Width 

345 m 
706m 

703 m 
1073 m 

The co"esponding data for a dose co"esponding to five times the concentration, 
which is the lethal dose for 50% of the population are: 

Weather 

D5 
F2 

I DRAFT c 

Downwind Upwind Maximum Distance to 
Distance Distance Half-Width Maximum Width 

1097 m 56 m 287m 373 m 
2254 m 244 m 593 m 460m 
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OUTLINE SAFETY DOCUMENT E3 POTENTIAL ACCIDENT ASSESSMENT 

INDUSTRIAL ACTIVITY: 

6 Production. Storage and Shipment of Chlorine at BVM 

NUMBER: 5 I 1ssuE: 1 I DA TE: 16/2i93 

SUBSTANCE: Chlorine 

POTENTIAL MAJOR ACCIDENT: Railcar Failure 

Evaluation 

Likelihood: &Jo-6 per year 

Safety consequence: 

Lethal concentrations of chlorine for over 2 km downwind in adverse weather 
conditions, and UK "dangerous doses" for 10 km downwind. 

Environmental consequence: 

Effects on plants etc - see El. but not of significance compared to harm 10 man. 

Overall risk: 

See Section F 

Opportunities for prevention: 

Better management of the railcar on-site, including an improved system for filling 
which allows continuous venting. Check on design, inspection and testing of railcar. 
Hazard control on-site to minimise likelihood of railcar involvement in accidents. 

Opportunities for control: 

Review fire fighting plans for fires in vicinity of railcar. 

Opportunities for mitigation: 

Check adequacy of on- and off-site emergency plans for this event. 

Actions proposed or to be taken: 

Not applicable 
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\ 

I INDUSTRIAL ACTIVITY: 

1 Production, Storage and Shipment of Chlorine at BVM 

I NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

I 
Attachment List 

I No 
No Title ID Issue Pages Comment 

I ... I Quanriratfre risk 12 
assessment 

I 
I 

/ 

I 
i 

I 
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·~ I ~ 
ReYision History 

Date Issue Comments .. 
~ I 16/2/93 1 First issue by SRO 
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OUTLINE SAFETY DOCUMENT F CONCLUSIONS 
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.. 

I INDUSTRIAL ACTIVITY: 

2 Production, Storage and Shipment of Chlorine at BVM 

I NUMBER: N/A I ISSUE: 1 I DA TE: 16/2/93 

I 
Summary table of potential major accidents 

I Ref Brief description Like Ii- Conseq- Priority Action 
hood uence 

I -
I Pipework chlorine release C-D See £3(1) See conclusions 

for all 

I 
2 Storage tank chlorine E See £3(2) 

release 

I 
3 Drum/cylinder filling D See £3(3) 

poinr chlorine release 

. 

I 
4 Railcar filling chlorine C-D See £3(4) 

release 

' 
I 

5 Catastrophic railcar E See £3(5) 
failure chlorine release 

.~ I \~ 
~ 

6 Hydrogen fire/explosion D D 

7 Environmental pollution D C(env) • 

~ .. I by mercury 

I 
I 
I 
I 
I 
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OUTLINE SAFETY DOCUMENT F CONCLUSIONS 

INDUSTRIAL ACTIVITY: 

3 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Categorised Risk Evaluation 

Risk matrix for harm co man 

Risk matrix for harm co the environment 

The marrix for luinn to man is in Section £2. and that for the environment has not 
been prepared since there art: few environmental issues in this study. 

Quantitative Risk Evaluation 

See Attachment I 

This gives a crude assessment of the individual and societal risks from the chlorine 
releases. Two dose levels are used; one is the HSE dangerous dose level. the other 
is the level which is fatal to around 50% of the population. The assessment shows 
risk levels which are high compared to standards discussed in the UK and it is 
recommended that a number of improvements to the process and its management are 
made before a more detailed and accurate quantitative risk assessment is made. 

Overall Risk Evaluation 

Is the ir.formation supplied above complete? 

The quantitative assessment covers only chlorine releases; the hydrogen accidents and 
mercury pollution have not been looked at in detail. 

More importantly they cover only the chlorine processes at the lllatos ut site. It is 
known that a number of other hazardous marerials are used on the site; for example 
hydrogen fluoride, and those that led to the explosion in January 1992. However 
none of these would trigger a requirement for a safety notification under the Seveso 
Directive. It is likely also tr.at a number of occupational health hazards are present 
associated with the other hazardous materials. 

Within 500 m of the lllatos ut site is another BVM facility at Ken urea and this would 
also need to be cortsidered for possible interactions under the Seveso Directive. We 
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INDUSTRIAL ACTIVITY: 

4 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1ssuE: 1 I DATE: 16/2/93 

do not know what processes or dangerous substances are present at Ken urea. 

Are the measures which have been identified to prevt!nt, control, mitigate and protect against 
major accidents adequate? 

The activity of chlorine production, storage and shipment at BVM uses a process and 
equipment which . s e.xtremely old, and as a consequence very dependent on correct 
operator actions. The activity itself is very haz.ardous, as evidenced by the large 
hazard ranges which arise from the worst conceivable accidents, and consequently 
needs careful management. The plant suffers from. considerable under-investment over 
many years which means there :ire few automated functions for normal operation or 
safety intervention. Apan from this the legacy of the past appears to be a number of 
good management systems which do not, however. blend into a coherent whole, and 
which are not consistently applied. The safety culture of the plant staff is also a 
matter of concern as Hungarian culture generally adapts to a new commercial and 
social environment. This view is supponed by the considerable number of incidents 
which have occurred over a five year period, panicularly involving the failure of 
operators to behave as required. This is not surprising in view of the lack of detailed 
procedures for plant operation. In addition co this it is clear that although emergency 
plans have been prepared, they would not in fact operate as required in the event of 
a major incident. 

Overall, then, there is much that can be done both to prevent, control and mitigate 
potential major accidents and to improve occupational health. 

A number of measures have been identified in the course of this study. They are set 
our in detail under the records of the safety audit, Section D, the HAZOP and safety 
inspection, Section £2, and the risk assessment, Section £3. The main 
recommendations are repeated below. 
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INDUSTRIAL ACTIVITY: 

5 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DA TE: 16/2/93 

Set out the measures which are suggested/planned such that major accidents will be further 
prevented. controlled. mitigated and protected against: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Some of the following recommendations involve expenditure on plant modifications, 
though none of them are on a major scale. Others provide significant increases in 
safety at relatively little cost. It was the intention of the study team to try and make 
proposals which are cost-effective, and which build on the good systems which are 
already in place. 

Emergency planning: regular exercising of the emergency plan should take place; 
consideration should be given to an alarm system which differentiates between 
different types of events . Wind direction indications should be improved, and 
increased provisions of compressed air breathing apparatus made. 

Procedures should be used more widely and should be more specific in nature. The 
same applies to maintenance instructions. Both would be assisted by a valve 
numbering system. 

Requirements for environmental control should be improved and documented; in 
panicular a mass balance study for mercury should be carried out to reduce 
environmental pollution from this source. 

A more formal approach to the design and modification process is required with the 
inclusion of hazard assessment and quality assurance. 

The plant safety management system should come under the current introduction of 
ISO 9000 quality systems. 

In view of the number of incidents invobing operator e"or, the adequacy of operator 
training should be reviewed, as should the possibility of simplifying the process so 
that the scope for operator e"or is reduced. 

The effects of mercury contamination could be reduced by improved sealing of floor 
in cell rooms and the provision of "clean" and "dirty" areas. 

Personal safety improvements could be made in the following areas: fall protection 
on the railcar, machinery guards in the chlorine compressor room, exposure to UV 
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INDUSTRIAL ACTIVITY: 

6 Production, Storage and Shipment of Chlorine at BVM 

NUMBER: N/A I 1sSUE: 1 I DATE: 16/2/93 

light, electrocution hazards in the rectifier rooms, exposure of heart pacemakers to 
magnetic fields in the cell rooms. 

(9) Ways to reduce the risk of hydrogen explosions in the chlorine mixture should be 
sought by suitable adjustments to the process and/or feedstock. 

(I 0) Improvements should be made to the standard of chlorine pipework, particularly in 
jointing and supporting. Rerouting should also be considered in the areas of: the 
railcar manifold, the suction pipe from the cell rooms and liquid chlorine feed in the 
drum/cylinder filling area. The standard of the semi-flexible connecting pipes used 
for filling of all kinds should be reviewed. 

(I I) Consideration should be given to changing the railcar design to allow continuous 
venting while filling is taking place. 

(12) Consideration should be given to the provision of systems for chlorine detection and 
remotely shut-off of potential chlorine leaks. 

(/3) Consideration should be given to decreasing the exposure of the full railcar to 
hazards. The design, inspection and testing of the railcar should also be reviewed. 

( 14) Hazards re suiting from the generation and storage of hydrogen should be reduced, 
including control of ignition sources (both in the cell rooms and in the storage area), 
prevention of leaks in the cell rooms, and consideration given to the possibility of 
heating the water seal on the storage tank. 

(15) The availability and perfonnance of the extraction system to the hypo plant should be 
reviewed, and consideration given to the provision of an expansion tank in the storage 
tank bursting disc system. 
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Section F: Attachmrnt 1 

1 Introduction 

The information provided in Section E3 about porential major accide;Jrs involving chlorine 
releases is used to calcuJate individual and societal risk in the neighbourhood of the site. 

Three typical releases were chosen for the purpose of delailed comcquencc calculations - a 
continuous release of 2 kg/s, and instantaneous releases of 1 te and 40 te. The shape of the 
plume from these releases was described using four simple parameters: the maximum 
distance downwind at which a certain dose is reached. the upwind distance, the crosswind 
distance. and the downwind distance at which the crosswind maximum is reached. This is 
done for two dose levels expressed in terms of the square of conceotration time the exposure 
time. The first is the so-called •c1angerous dose• used by the HSE in the UK for land-use 
planning purposes: 108,000 ppm2 min. This is a level which might be fatal to the weakest 
members of the population - the very young or very old, or ill. The other dose level is one 
which is expected to be fatal to approximately 50'1 of the population and represents 
concentrations which arc five times higher. 

The geometrical parameters arc used to generate a simple description of the plume shape -
polar angle as a function of radius - which can be used to calculate individual risk and 
societal risk by spreadsheets. The method employed enables the individual risk to be 
calculated at any point in the vicinity of the plant. No allowance is made for escape from 
the plume. 

If a population mnnber is associated with each point it is possible to calculate societal risk. 
This estimates the frequency with which a given number of people are affected to the given 
dose level and is expressed in terms of an fN line. This is a graph on which the horizontal 
axis represents accident severity - in this case the munber of people receiving a given toxic 
dose - and the vertical axis is the frequency with which an accident of that severity, or 
greater occurs. 

2 Releases 

The inf onnation given for the five accidents considered in detail in Section E3 can be 
represented in the following way: 

Accident 40te 1 te 2 kg/s 

1 Pipewvrk release 2xUt3 

2 Storage rank release 8xlQ-6 5xl()·S 

3 Drum/cylinder filling release Ixl()"l 

4 Railcar filling release 2x10·3 

s CaWtrophic railcar failure 6x1Q-6 
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Totals l.4x10-5 lxlo-3 4:110"3 

D5 frcqucncy l.26x10-5 9x10"4 3.6x10-J 

F2 frequency 1.4x10'4 lxlo-4 4xlo-4 

This table gives the annual frequency of each release, shows which accidenls comnlJUle to 
it. and how it breaks down inlO the two weather cooditiom used in this study as set out in 
Section Cl. (This is probably somcwbat pessimistic since many of the releases arc associated 
with daytime operatiom when F2 weather conditiom would be less likely to be prescol.) 

The plume parameters (in metres) for each release arc summarised in the following table: 

Dose l'anmeta' 40te 1 te 2 kg/s 

D5 Fl D5 Fl D5 Fl 

HSE Downwind 2997 10590 602 1443 448 1640 
Dangerous diswn 
Dose 

Upwind diswu 56 244 13 85 0 0 

Maximum half- 345 706 77 160 35 165 
width 

Position of 703 1073 160 130 220 430 
maximum width 

Approximate Downwind 1097 2254 209 365 196 568 
LOSO dose distance 

Upwind distance 56 244 13 85 0 0 

Maximum half- w 593 66 135 20 125 
width 

Position of 373 460 85 56 80 1260 maximum width 

3 Individual Risk 

Using the windrose information provided in Section Cl, the individual risk can be calculated. 
This number represents the aruwal frequency with which someone located at permanently at 
a particular point would receive a particular dose. 

An array containing 79 points surrounding the chlorine plant was set up. It extends out to 
1.6 Ian on a 400 m grid, but close to the plan! is on a 100 m grid. 

Figure l shows the risk of receiving the HSE dangerous dose, and Figure 2 shows the same 
focusing on the central area (it also has a line marking Hatar ut, the boundary of the nearest 
housing). The plant itself is centred on the (x•O,y=O) point. These figures show that 
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within a kilomerer of the plant the risk exceeds lxto·5 per year and that it drops to lQ-6 only 
outside a radius of 2 Ian. At the nean:sl inhabited point the risk of receiving a dangerous 
dose is around Sxlo-' per year. 

The risk of receiving an l.DSO dose is obviously much lower: around 10-7 per year at a 
radius of LS km. and 10"4 per year at the nearest inhabited point. 

It should be emphasised that these figures take no account of the effect of evacuation. or 
being indoors. Being indoors is always accounted for by the HSE in carrying out 
assessments. and this can reduce the risk considerably. 

4 Societal Risk 

Societal risk is calculated only for people within the 2 km hazard radius used by the local 
audlorities. Approximately 75.000 people were estirnarrA as being within this distance in 
Section Cl and Figure S shows a grid with approximately this number of people on it, 
e&imatcd using the infonnation presented there. These are split into 3 groups: the majority 
are the inhabitants of the low-rise housing to the South East of Hatar ut, but the grid also 
contains nearly 24,000 people in the high rise blocks between the plant and Ulloi ut and 
S,000 people in the low rise housing around the junction of Gyali ut and F.cseri ut to the 
Nonh Nonb West. Figures 6 and 7 show the individual risk for each dose level on this grid. 

The societal risk for the HSE dangerous dose is shown in Figure 8. This shows accidents 
with up to 200 people affected at a frequency of 10-3 per year and up to 2000 people at 2xlo-4 
per year. Accidents affecting more than 20.000 people occur with a frequency of under 10"6 
per year. 

For the LDSO dose, Figure 9. which gives a better representaticn of the IBlmber of fatalities 
which might be experienced, the 200 figure is experienced at less than 10"4 per year and 2000 
at less than 10-5 per year. An accident with 10,000 people affected to this level is estimated 
to happen at the once in a million years level. This is due entirely to the 40 te release in F2 
weather, and is comequendy highly uncertain. 

It is important to note that the consequences have been calculated at ground level. This is 
reasonable approximation for the low-rise housing, but would be questionable for the high 
rise housing, depending on the countermeasure strategy adopted. 

5 Discussion 

The risk assessment presented is a very basic one. It considers only 3 releases, two weather 
categories and two dose levels. This represents approxinwely the limit of what can be 
achieved using simple spreadsheet methods; more complex calculations need to be done using 
dedicated tools such as the HSE's RISKAT code anocher such package. 

It serves to demonsuate the approximate risk levels based on the assumptions used for 
frequency and consequence in Section E3. 
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A lllUDber of risk issues arc not consi.deral. These include: 

the effect of COUDlenDeaSUreS such as evacuation. or mnaining indoors with windows 
and other sources of venlilation scaled; 

risks to traffic on passing roads, including the new motorway passing the Eastern end 
of the Illatos ut site; 

risks to non-residents such as the employees on neighbouring sites. and school 
children - the risk has been estimated including only residents (but assuming they are 
there all the time); 

societal risks have not included the workers on the site itself - these would 
undoubtedly swell the casualty figures. 

All these effects could be taken into account, but this would not be useful at this stage of the 
risk assessment. 

By most standards (for example those under discussion in the UK) these risks arc high. This 
is not surprising given that people live relatively close to the site, and that the frequencies 
derived are high. The frequencies are high because the generic figures which have been used 
have been increased to account for the high potential for operator ::rror and the lapses in the 
safety management we have observed in the plant. Credit bas also not been given for the 
emergency plans which could reduce the risk levels if effective countermeasures are taken. 

However, the frequencies are also very uncertain. 'Ibey could be improved with more 
detailed analysis, but this is not appropriate at this stage. The recommendations which are 
made to improve safe~ levels will reduce the estimated event frequencies considerably. It 
would not be appropriate to carry out more detailed quantified risk assessments until further 
improvements in the management of safety have been made and shown to be effective. At 
that point the generic data would be more relevant and better quality more detailed swdies 
could be carried out. 
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