
RISK MANAGEMENT BY SHELL REFINERY/CHEMICALS AT PERNIS, THE NETHERLANDS
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1.  INTRODUCTION

Shell Pernis is one of the largest petro-chemical complexes of Western Europe. When the Shell Group(, in 1997, issued a renewed HSE policy, we stood for the major task of its implementation. The policy required that all companies should have a certifiable HSE management system (HSE-MS). The heart of this HSE MS is the Hazards & Effects management Process (HEMP). HEMP is an in-depth assessment of the HSE risks to identify HSE critical operations or installations which require a fully documented demonstration that risks have been reduced to “as low as reasonably practicable (ALARP).

The results of these risk assessments are also the basis for the so-called Safety Report. This Safety Report is handed over to the authorities as part of the implementation of the EU Seveso-II Directive. The set up and the contents of the Safety Report are the result of a close co-operation of our HSE and operations staff, together with the relevant authorities: the Environmental Protection Agency, Labour Inspectorate, the Fire Brigade and the Ministry of Social Affairs. The set-up of the Safety Report has been worked out in a pilot project on one of our critical units.

Shell has developed HEMP as a four-step method. The first step is the identification of hazards that may arise from a substance or activity. In the second step the risk of each hazard is assessed for their potential effect, with the aid of the Risk Assessment Matrix. The third and fourth steps are the studies to establish whether the control and recovery measures are in place.

In order to check and demonstrate the effectiveness of the HSE-MS, a gap analyses is worked out. This means that, for six major hazards an in depth study is carried out, with the aid of a computer programme called THESIS (The Health, Environmental, 

Safety Information System). For a selection of the other hazards a simplified study, based on the same approach, is done. The results of these simplified studies are documented in Hazard Control Sheets (HCS). 

Since the knowledge of hazards and its controls lays with the operator of the installation, these studies are carried out by a team that consists of: a shift supervisor, a maintenance supervisor, a plant inspector and HSE staff. The results of these studies are taken up as controlled documents in the plant HSE management system. In this paper the set-up of the studies will be described in more detail.

2. SHELL AT PERNIS




Shell at Pernis is one of the largest petro- chemical complexes of Western Europe. 

The facilities are situated on an area of 

5,5 km², provided with a 80 km network of 

roads, 9 km waterfront, 30 km fence, 20 

landing stages and 160.000 km pipe line. In 

total there are about 3000 employees of 

which 2000 in a 8 hour shift and 1000 to 

1500 contractors. In the direct vicinity there

is a relevant population of about 150.000 

people.

The capacity of Shell Pernis is about 25 million tons products a year from some 40 different plants. On a yearly base the supplies are transported by 200 hundred crude oil tankers, 12.000 barges, 120.000 road trucks, 1300 train wagon’s and about 20 buried pipe lines. Shell Pernis produces fuels e.g. LPG, Naphta, etc., special products e.g. lubricating oil, solvents and base chemicals such as rubber and resins. The products (2,2 million tons) are stored in 800 tanks. Due to a 1.5 billion EUR investment on Hydro Cracking and gasification of which significant part was an environmental investment, Shell at Pernis is ready for the next century.

The strong points of Shell Pernis are: - the synergy between Oils and Chemicals, - the configuration of the plants (flexibility), - the conversion capacity and the logistic position. The areas of concern are: - the number of relatively old plants, - the high fixed costs and a population at a distance of 500 meters. To gain and strengthen the social support (a license to operate) the policy at Shell Pernis is: -no incidents, - protection of the health of employees and others, - no negative influence on the environment, - and efficient use of energy and basic materials. In practice it means: - high ambitious norms, - continuous improvement, - and unsafe = stop activities.

3. THE HSE MANAGEMENT SYSTEM
The Shell General Business approach is that companies shall have a systematic approach to Health, Safety and Environment (HSE) management. The need for a systematic approach to HSE management stems from experiences and recommendations from incidents such as Seveso (1976) and Piper Alpha (1988). The original focus was on Health and Safety management. An integrated approach to Health, Safety and Environment was prompted by environmental incidents such as Exxon Valdez (1989) and Brent Spar (1995) which highlighted the business benefits of effective HSE management. In 1994 a Group guidance document on developing an integrated HSE MS was issued. A mandatory Group Procedure for a certifiable HSE Management System was put in place in 1997. A target has been set that by the end of 1999 all Shell companies will have implemented an HSE-MS designed to ensure compliance with the law, to achieve continuous performance improvement, and which demonstrates that risks of critical operations have been reduced to a level As Low As Reasonably Practicable, “ALARP”.

An HSE-MS is a Quality MS which addresses Health, Safety and Environmental risks. It reflects Quality Management principles, such as target setting, planning feedback and continuous improvement mechanisms. It integrates HSE into existing business activities, and defines accountabilities for tasks which contribute to the management of HSE risks. What distinguishes an HSE-MS from a Quality MS is a special focus on the management of hazards and their effects, through a "Hazards and Effects Management Process" (HEMP). This is a process for identifying, assessing and managing HSE risks. The main elements of a HSE-MS are shown in the figure below.
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For each business activity specify:

Objectives and targets.

Who is responsible? Is it contracted?

Competency?

Communication

Hazards identified? Assessed?

Control and recovery measures?

Procedures, continuous improvement?

Feedback, performance measurement?

Independent check?

System still appropriate?

The HSE discipline should define the tools that are used and set the criteria for use in the HSE-MS. It is also the role of the HSE department at the location to demonstrate that both legal and corporate requirements, are being met by the HSE-MS. 

4. HAZARDS AND EFFECTS MANAGEMENT PROCESS (HEMP)
The HEMP process within an HSE-MS involves the identification of hazards and effects, assessment of the associated risks and the specification of the control and recovery measures which must be in place and maintained in place. The higher the risks, the more detailed the analysis that is required. For all risks (e.g. those associated with explosions, pollution, risks to the public) the controls to prevent the “release” of a hazard must be systematically identified. To manage low and medium risks associated with the working environment , procedural controls, together with the employment of competent individuals, may be enough. For high risks an in-depth study is required. If controls fail, leading to release of a hazard, other controls must be specified to minimise the consequences and recover the situation. A pictorial representation of these hazard controls is provided by the diagram below. 
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The controls could be hardware, such as well designed piping, or systems such as selective inspection, contingency plans, or training. 

The number and quality of controls required depends on the magnitude of the risk. Health and environmental effects of a ‘chronic’ nature e.g. exposure to noise (physical) or continuous discharges, should be analysed in the same way as ‘acute’ effects. The pictorial representation above is typical for the structure of a Hazard Control Sheet. (HCS). Having more threats and consequences a “bow-tie” construction appears.
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5. HSE-MS AND HSE CASES  
Where the company has facilities which have high HSE risks (effect * frequency), an HSE Case should be produced. An HSE Case is a document of the HEMP process of that facility. A key characteristic of HSE Cases is that tasks to maintain controls for high risks are assigned to defined individuals with defined responsibilities and competencies. For lower risks it is usually enough to specify general competence requirements and procedures to be followed. All the activities at Shell Pernis shall be covered by one corporate HSE-MS. 

Companies which have several high HSE risks will require a number of HSE Cases. Existing legislative requirements for Safety Cases or Safety Reports to provide assurance to regulators and public that high risks are being adequately controlled, shall be incorporated in the HSE Cases and will form part of the HSE-MS.

6. HSE RISK ASSESSMENT IN BUSINESS PROCESSES
6.1
Legal requirements. 

The main body of European legislation is the updated Seveso II directive (96/82/EC). 

In the Netherlands this legislation will be implemented via national legislation, the “BRZO’99”. Comparing HEMP and BRZO results in:

· that the emphasis in BRZO’99 is on prevention of major accidents i.e. multiple fatality or equivalent damage; 

· and that BRZO’99 might focus too much on impact on the general public and outside facilities. This might trigger the need for extensive consequence modelling.

6.2 
General philosophy.

HEMP, or any HSE Risk Assessment, should be an integral part of an HSE-MS. In Pernis the HSE-MS in itself is part of a much larger MS of all business processes. In practice HEMP will be implemented in an environment with existing general management system elements e.g. ISO. In order for HEMP to become a useful and practical tool it is important to build on, and make use of, existing material such as, documentation and/or HSE studies, e.g. HAZOP. 

At a large site such as Shell Pernis, the HEMP process has the following dimensions:

· There are various business processes, each having its own HSE critical aspects. 

· HEMP is embedded in these processes in a fit for purpose way to underpin line management responsibilities.

7. PROCEDURE “RISK CONTROL”

7.1 
Description of Risk assessment at Shell Pernis.

To be able to execute the process, Shell Pernis has developed a procedure with a systematic approach to be part of the HSE-MS at plant level, based on the HEMP philosophy. The application of the HEMP methodology is an iterative process and is carried out by a small group of experienced staff, the “HEMP team”, with different backgrounds e.g. operation, maintenance and inspection. This team should be facilitated by an independent facilitator to arrive at a conclusion on the quality of a particular control. For specific questions other specialists can be consulted. With the combined experience, the HEMP team should be able to agree on the adequacy of a number of controls. In the process the four steps, identification, assessment, control and recover may partially overlap or may have to be carried out more than once. In order to check and demonstrate the effectiveness of the HSE-MS a site wide gap analysis is worked out by several HEMP teams. 

These teams followed the diagram “Activities for setting up HEMP in the plants”, as presented in Appendix 1. This diagram represents the typical selection process of scenarios in the context of HEMP. 

Step 1: Identification of hazards and potential effects. This step starts with brainstorming to determine the hazards which may arise from a product or activity throughout its total life cycle. Here the focus is on the hazards related on the feedstocks, the production process and to product storage.
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Step 2: Assessment of the risks. For each hazard (substance) assess the potential risk, based on the Shell business organisation guidance and the Operational Unit (OU) HSE Policy and rank the risks  (shaded and unshaded) via the RAM 1). This in accordance with potential consequences and effects on basis of realistic worst case assumptions. All the potential risks (H/M/L) are documented as part of the HSE-MS of the plant.

1) Risk Assessment Matrix: The classification into the categories High, Medium and Low, has been set by the Shell Group as minimum requirements and extended by Shell Pernis

Step 3 and 4: Establish level of details of the HEMP study. In these steps the category Physical Hazards are split from the site wide Chemical and Plant Specific Hazards (appendix 1) and documented in the HSE-MS of the plant. The significance of the hazards and effects is judged against certain criteria based on sound scientific, technical and historical information. The HEMP team should decide on the level of detail of the HEMP analysis and documentation. Shell guidance is as follows: hazards with potential consequences in the heavily shaded area require a in-depth study with a full bow-tie analysis, using THESIS software or, require a site wide gap analyses in which the HEMP team decides to work out in-depth studies as well as “Hazard Control Sheets” based on a simple bow-tie analysis. For hazards with potential consequences in the lightly shaded area, the HEMP team applies only “Hazard Control Sheets”. In the unshaded area only procedural controls are required. 

Step 5, 6, 7 and 8: Identification of Threats that may release a hazard, Control and Recovery.  For each hazard, threats (e.g. corrosion, wrong material, operator error, etc.), circumstances and situations are identified. This may potentially lead to a hazardous release (top event), as described in 7.2. For each threat in the bow tie, an agreed number of controls should be in place to prevent the top event, see 7.3. If escalation factors are present they should be discerned and controlled. In case a hazardous event occurs despite the controls present, recovery preparedness measures should be in place to mitigate the consequences, for health, safety and environment, to restore the original situation or to compensate for damage. These measures include detection, abatement, emergency response measures and contingency plans.

Step 9 and 10: Maintaining the integrity of controls and recovery preparedness measures. It is essential that controls and recovery preparedness measures are maintained and kept intact. To assure this, activities, tasks and responsible parties should be addressed in a quality based management system. The quality-MS must cover all HSE procedures. The Shell HSE-MS is designed to do this. It is also possible to use ISO/9000 for this purpose provided that all relevant Health, Safety and Environmental procedures are covered.


7.2
How to select and rate control measures?

The extent to which risks are controlled depends on the nature (1), the number (2) and the quality (3) of controls and recovery preparedness measures.

1. Nature.  The control measures applied to prevent an unwanted release, or top event, can generally be divided into two categories: 

Hardware controls. These comprise all engineering controls, i.e. both hardware provisions and instrumentation (relief valves, shutdown systems, alarms and trips, special design features etc.). For hardware controls the proper functioning/availability is determined by their technical condition which largely depends on periodic maintenance, calibration and other type of checks. These issues often come up when discussing the escalation factors. 

Procedural controls. These comprise all written instructions, operating manuals and prescribed working methods often requiring formal signing by personnel involved. For procedures the human factor is important in ensuring that they are followed rigorously. Failures may be related to unfamiliarity, lack of training, simple violation, procedures not being fit-for-purpose, time pressure etc. This area is even more complicated and escalation factors may be complex.

2.  Number.  Establishing the required number of controls is a matter of experience and judgement. It is obvious that higher risks require more and more stringent controls, but there is no clear rational to determine the exact required number of  controls. It should be stressed here that, implementations in the table below are  only a guide. Depending on the local circumstances, the number and nature of required controls should be re-established. 

In establishing the number of barriers required, care should be taken to count only the independent controls, i.e. those which are not in any way connected. For example alarm and trip functions in one instrument is one barrier only. An additional hardwired trip, hence independent from the other instrument, would count as a separate control measure. Procedures which are a follow-up of instrument alarms should be regarded as part of the total measure. 

The requirements for Shell Pernis are as follows:

	For each identified threat there should be in place:

	Area of the RAM
	- preventative barriers for risks identified
	- recovery measures for each consequence
	- escalation factors the following guidelines

	Unshaded
	at least one procedural barrier
	at least one measure to abate
	at least one work instruction

	Lightly shaded
	at least two barriers
	at least two recovery measures 1)
	at least one control (procedural or hardware),

	Heavily shaded
	at least three barriers
	at least three  recovery measures 2)
	at least two controls (procedural or hardware)


1)  of which one measure should detect the top-event and one abate the top-event.

2) of which one should detect the top-event, one to abate the top-event and one should be an emergency   measure.

3. Quality.  It should be noted that the perceived quality of the control measures determines the final reliability. Various systems can be applied to evaluate the quality of threat controls, recovery preparedness measures and escalation factor controls. In Pernis the following rating is used: 

	++
	:
	very good to excellent
	(
	Criteria for this rating are:

	+  
	:
	good to adequate
	(
	Controls and measures shall ,

	?  
	:
	unknown
	(
	· be active, 

	-   
	:
	insufficient
	(
	· be fit-for-purpose and 

	-- 
	:
	very bad or not existing
	(
	· have a linkage to the MS


7.3 
The BOW-TIE analysis

The bow-tie, as described in chapter 3, is a pictorial representation of how a hazard can hypothetically be released, and can give rise to a number of consequences. It can be regarded as a very detailed and structured model representing HEMP.

The bow-tie was developed to analyse incidents, but can also be applied to analyse ‘continuous releases’ to the environment or exposure of workers on the shop floor.

The left hand side of the diagram is constructed from the ‘fault tree (causal) analysis’. 

The right hand side of the diagram is constructed from the hazard ‘event tree (consequence) analysis‘. 

Applying the bow-tie, the following steps represent the essential parts of the analysis:

· For the “most critical installations”, each selected hazard will be linked to a number of threats. In case an HCS will be applied, it will then be just one hazard and one threat at the time. For the “less critical installations” a maximum of 10 HCS sheets shall be worked out by the “HEMP team”. 

· For each selected hazard the potential (realistic worst case) consequences will be established, and for each threat the known barriers or controls shall be identified. 

· The same is done for the recovery preparedness measures. 

· For each threat control and recovery preparedness measure the link to the responsible party for execution and/or maintaining its integrity, should be identified. If the activity or task is “HSE critical”, it should be carried out according to procedures. These procedures are kept up to date by the quality management principles built in the HSE-MS. This includes also the competence of staff which carries out the activity or task. 

· For each control measure, situations should be considered where defeat of the measure can occur. The “escalation factors” and the appropriate control measures shall be listed together with the responsible party.  

· The quality of each threat control and recovery preparedness measure as perceived in practice, should be assessed.

· Considering the number, nature and quality of the controls and recovery preparedness measures, it should be established whether they meet the agreed/pre-set criteria for adequacy as set. 

· Areas for improvement and shortfalls shall be listed in the plant HSE-plan, unless immediate action is required. Remedial action plans should be developed and responsible parties assigned for implementation. 

· Documentation will be done in accordance with management pre-set criteria, depending on the magnitude of the risks.

8. CONCLUSION AND FINDINGS
The implementation of the Hazards & Effects Management Process into the HSE-MS and preparing the HSE Cases for a company requires significant effort, many man months of high calibre resources. It is demonstrated that the HSE awareness, a critical view of people in the organisation, has increased. A concerted and proactive approach is needed to ensure that specified controls are actually implemented and working as intended. An important challenge is to include provision of resources, obtaining ownership, getting certified, ensuring staff competence, compliance with legislation, and having adequate documentation whilst minimising complexity. It is also clear that the process itself decreases the number of documents significantly. 

Examples of “areas for improvement” as a result from the study are, a number of organisational shortfalls such as:

· a number of essential studies were not readily available for the operators due to the fact that “in the old days” specific studies were not archived adequately;

· the sharing of ‘Best Practices’ with our contractors have to be improved; 

· in the business process documents, it is not always clear, who is responsible for inspection of materials for instruments, like level bodies, etc. The responsibilities of the inspector and the instrument maintenance worker have to be addressed adequately. 

And a number of hardware shortfalls such as:

· a problem we found is that not all the instruments on the checklist for periodic testing (critical instruments) can be tested in the running phase of the plant;

· threat controls have to be implemented, to prevent certain flare lines from potential blockage due to hydrate forming. 

It is experienced that the increased awareness and the attitude of the operator, contribute to a safer operation of a critical installation. 

9.  DEFINITIONS  
	HSE-MS
	The company structure, responsibilities, practices, procedures, processes and resources for implementing health, safety and environmental management.

	HSE Case
	The document which describes the HSE-MS for a specific facility or operation. It shows how each identified HSE hazard is controlled by specific (HSE critical) activities/tasks which are linked to procedures and named responsible parties having defined competencies, with the goal of meeting the risk objectives of local management.

	HSE Critical activities
	Activities, which are critical to manage H, S & E risks. 

	HEMP
	HEMP is a in-depth assessment of the HSE risks to identify HSE critical operations or installations which require a fully documented demonstration that risks have been reduced to “as low as reasonably practicable” (ALARP).

	Bow-tie
	A pictorial representation of how a hazard can be hypothetically released and further developed into a number of consequences. 

	Hazard
	The potential to cause harm, including ill health and injury, damage to property, products or the environment, production losses or increased liabilities.

	Threat
	A possible cause that will potentially release a hazard and produce a Top Event.

	Barrier
	A protective measure put in place to prevent threats from releasing a hazard.

	Consequence
	An event or chain of events that result from the release of a hazard.

	Recovery Preparedness Measures
	All technical, operational and organisational measures that limit the chain of consequences arising from a Top Event.

	Top Event
	The “release” of the Hazard, the 1st consequence (e.g. LOC).

	Risk
	The product of the chance that a specified undesired event will occur and the severity of the consequences of the event.

	Escalation -factor
	Condition that leads to increased risk due to loss of threat controls or loss of recovery preparedness measures.

	Escalation -factor control
	Controls put in place to manage conditions that lead to increased risks due to loss of threat controls or recovery preparedness measures.

	Scenario
	A scenario for Pernis is termed as, the failure of controls and measures for a particular initiating Loss Of Containment (LOC) of a hazard, i.e. one line of the “bow-tie, including a consequence”.


Appendix 1.
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( The companies in which Royal Dutch Petroleum Company and the “Shell” Transport and Trading Company, p.l.c. directly or indirectly own investments are separate and distinct entities. In this publication, the expressions ‘Royal Dutch/Shell Group’ and ‘Group‘ are used to refer to the companies of the Royal Dutch/Shell Group as a whole. The words ‘Shell’, ‘we’ and ‘us’ are used in some places to refer to the Group and in others to employees of Shell companies collectively or to individual Shell company or companies where no particular purposes is served by identifying the specific company or companies.
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