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Task 1

The Process Safety Management system is defined as the application of
management systems to identify, understand and control process hazards to prevent
injuries related to process incidents. Its purpose is to avert an occurrence of an
incident, or to minimise its consequences. Examples of these incidents could be a
catastrophic release of chemicals, flammable vapour, toxic gas or liguid. This will

apply to Pembroke refinery as it is a tier 4 COMAH site.

Below in Figure 1 the four major areas of PSM are illustrated. Those 4 areas

are then further broken up into component parts.
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Figure 1 - Process Safety Management

The four major areas of PSM are as follows:

System implementation

Innocent reduction

w no=

Incident management
4. System control
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System Implementation

It is a very intricate process to implement an effective PSM. It requires significate
resources, a great deal of person power and scrutinous scheduling and logistics.

There are two main elements to this area;

e Employee participation

e Trade secrets

Incident Reduction

This area requires the current level of risk to be determined, and then policies and
procedures can be implemented to reduce that risk. This requires thorough reviews
of the existing process’s and implementing changes to those processes and

ensuring personnel and fully trained in those changes.

There are seven main elements to this area;

. Process safety information

. Process hazard analysis

. Operating procedures

. Training

. Contractors

. Mechanical integrity

. Safe work practices including perimetry

Incident management

Ifiwhen an incident does occur, the organization must be equipped to deal with it

quickly, safely and effectively.
There are two main elements to this area;

. Incident/accident investigation

. Emergency response and planning

System control
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For PSM to stay effective the system bust be continually re-evaluated and made up

to date as changes are implemented at the facility, such as a process unit.
There are three main elements to this area;

. Management of Change (MOC)

. Pre-start-up reviews on safety
. Audits for compliance
Task 2

At Valero's Pembroke Refinery, there are vast number of ways in which incidents are
prevented. Some of these measures are proactive actions and systems, and others

reactive actions and systems.

The first set of measures that are the proactive type. This type is the primary
choice of incident measure as it avoids the entire situation from occurring, rather
than only mitigating its effects. The first example of this is the installation of
instrumentation and control system. This control measure covers a wide base of
systems which can be broken down into multiple parts. Instrumentation is used to
monitor and measure process variables so the data can be reported back to the
control operator via computer systems. From the control room the operator can
adjust process conditions via actuated valves or instructing their plant operator to
move valves to ensure process conditions stay within safe parameters. These
instrumentation computer systems run through a PLC which can be programmed to
shut down predetermined systems should process variables exceed set parameters.
This puts the unit automatically into a safe state without any user input. An example
of this could be a shutdown valve on a fired heater fuel gas supply closing
automatically when a low process fluid flow is detected. This automatic protects the
pass flow tubes from overheating and potentially buckling or rupturing. These
actuated valves are also installed onto vessels as a form of additional overpressure

relief to flare.

%t%/nggt prgactive the use of specifig;training for operators and the use of
standard operating procedures. All operations personnel receive the same training
and are to perform tasks following the same operating procedure. This procedure will
be risk assessed to ensure it is the most effective and safest way of performing a
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task possible. All personnel onsite, which includes operations and maintenance
employees, are not to deviate from these procedures. These procedures can either
be standard operating procedures or emergency response procedures. Taken from
EPA’s handbook is the following SOP requirement.

“They document the way activities are to be performed to facilitate consistent
conformance to technical and quality system requirements and to support

data quality.”

Another form of proactive safety measure is the use of analysers and
sampling routines. Analysers automatically monitor process components and report
that information back to the control operator. This system is usually used for product
specification and standards but can have safety implications. For example, some
analysers monitor process effluent hydrogen sulphide content, which is a toxic gas.
This effluent could be routed to a unit where hydrogen sulphide is not normally
present, therefore the indication of the toxic gas presence in the effluent could be
reported to the relevant persons who would then have to take addition safety
measures. This measure also extends to process and utility sampling. Intermittently
the site fuel gas and nitrogen headers are sampled for the contents. Fuel gas is
sampled to monitor for H2S, and the nitrogen is sampled to ensure its purity. As
nitrogen is used as a purging medium during planned and emergency shutdowns, it
is imperative it remains inert. If contamination of this system did occur and it was
permitted to flow into a vessel where combustion was occurring, it could result in an
explosion by providing fuel or oxygen. Some units have fixed gas detention
analysers scatters within them and around their perimeters. These detectors monitor
for LEL, H2S and HF acid. Once the systems detect the relevant substance they
trigger unit alarms to sound and beacons to flash, warning all persons to leave the

unit and operations to perform investigational activities.

Another proactive measure is the use of a permit to work system. This helps
operation control who is working on each process unit and which work is to be
conducted when. Permits to work are only issued when a full risk assessment of the

activity is conducted, which included specific hazards such as area, height, process
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substances etc. The area is gas tested prior to the work commencing. All work is to

be performed under a permit.

The final proactive measure is the planned inspection and testing schedule.
Specific systems on the refinery are inspected and subjected to NDT (Non-
destructive testing) by trained specialists to ensure that pipe wall thickness remains
sufficient for safe operation. NDT methods are included in Figure 2. These personnel

also perform welding inspection after the installation of new work.

Visual inspection

@

Magnetic particle Fitm evaluation of
inspection radiographic
images
NDT
methods
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Dye penetrant Ultrasonic
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A TUVRheinland®

Precisely Right.

Figure 2 - NDT Methods

Reactive measures are fewer because the plan is not to get to the stage
where they are necessary. One method is the installation of hardware such as
pressure safety valves. These valves are part of the unit's fixed installation and are
pre-set at the required valves to relieve excess process pressure to flare. These
systems route to flare as the process fluids contain hazardous substances, e.g.
flammable hydrocarbons, toxic gases, or corrosive acids. The liquid sent to flare can
be recovered and the excess vapour and pressure burned off at the flare tip. Another
hardware system installed is the firewater hydrant system. All the remaining reactive
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measures involve operations and fire technician response. Which has been

mentioned previously in the emergency procedure section.

Task 3

At Valero’s Pembroke Refinery, there are vast amount of hazardous process’s that
take place which require scrutinous safety measures to be conducted safely without
incident. One of these processes is reactor feed heating, which is performed by heat
shell and tube heat exchangers and fired heaters. This process uses heat
exchangers to recover energy from the reactor effluent, these pre-heat the feed and
then the fired heater then performs the final heating process via burning fuel gas to

heat the reactor feed to temperatures in excess of 300 °C.

Fired heaters are the single most dangerous piece of equipment on a refinery,
this is due to it being the only area on-site where all the elements of the fire triangle
are present. Especially considering the pass flow tubes within the heater contain
inherently flammable liquids which may be above their autoignition temperatures.

This fact is expressed on the “Aiche” website where it states the following

“While any type of process involving combustion carries hazards and safety
concerns, the hazards are even greater when a combustible process fluid is
heated inside tubes. Hence, fires and explosions are significant risks of fired

heater operation.”

For visual aid, a fired heater can be seen in Figure 3 below.
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Figure 3 - Fired Heater Cross Section
Due to the aforementioned danger of fired heaters, there is a vast amount of process
safety measures ascribed to the equipment. These include instrumentation to
monitor specific variables such as heater pass flow rate, fuel gas pressure, draft
pressure, heater box and process fluid temperatures etc. There are also process
analysers which monitor the O2, Carbon monoxide and combustible content of the
flue gas to ensure level stay within an acceptable tolerance. These instruments and
analysers are linked to automatic shutdown systems which “trip” the heater should
condition deviate from a safe operating condition. These shutdown systems operate
automatic valves which block the supply of fuel gas to the equipment, extinguishing

the flame by removing its fuel source.

Another form of process safety measure that is utilised is personnel training
and certification. This measure ensures all persons working on site know how to

correctly inspect and operate the equipment without causing a dangerous situation.
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This safety measure also helps with the mitigation or even the prevention of an
incident as trained personnel can identify, thus report, an issue before the equipment
fails. An example of this could be an operator recognising poor flame pattern due to
clogging burner tips. Also, it helps the operator operate the fired heater safely by
knowing in which order tasks are to be performed, and also safe ways of performing
each task. For example, when an operator is performing firebox inspections, he is to
call the control operator to ensure the box pressure is negative. He is also to use a
tinted visor protect his face against the emissivity of the flames. Most of the safety
actions performed when checking fired heaters involve using the operators 5 senses,
some of them before they even approach the heater. Before an operator can
approach a heater, they must look at the stack tip for excessive smoke, which is a
sign of unstable combustion, and they must also listen to the noise coming from the
equipment, which if there is none it could mean a flameout situation or if the heater is
“huffing” there could be unstable combustion. In both the above scenarios the
operator must contact the control operator for assistance. All of these details are laid
out in the operators on-site training material “Safe Operation Of Fired Heaters”.

Further to the point of training is the implementation of standard operating
procedures, especially emergency response procedures, which operators are to be
trained on and memorise. Should an incident occur, such as a pass flow tube
rupture, it is expected that all plant and control operators respond to the incident in
the same way. The way the operators are to respond is by following the risk
assessed emergency procedure which has been laid out by management. This
procedure would have operational, process, and safety personnel input to ensure the
safest and most effective method of dealing with the issue is performed. The details
are laid out if Valero’s Emergency Response Procedures 4-OPS-EMP-0004 and 4-

OPS-EMP-0009.

The final safety measure implemented is the installation of “hardware” safety
systems. The first example of this is the pilot flame. This is a small flame which
remains lit at all times, unless there is a fuel gas issue, and is used to light the main
burner. Should the heater trip this flame remains lit so that a flammable mixture of
fuel gas and oxygen cannot build up within the firebox. A second example for a
safety system is the installation of “snuffing” and “purging” steam. These two
systems are used to fill either the firebox (snuffing steam) or the pass flow tubes
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(purging steam) with an inert medium should an incident occur displacing the
combustible mediums such as hydrocarbons. An example of an incident this system
would be needed could be a pin hole leak on a pass flow tube. In line with previous

points the plant operator will need to be fully trained on the use of this system.
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