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EXTENDING THE HAZARD REGISTER

M. Phillips

When an emergency response plan is prepared one of the primary tasks is to address the guiding
principles defined in the OCED for Chemical Accident Prevention, Preparedness and Response.
These are divided into five main parts, Prevention, Preparedness/Mitigation, Response, Follow-
up to incidents and Special Issues. The first step is to identify the hazards and address each of
the five main parts for each identified hazard.

Although the idea of linking hazard identification with emergency response plannings well estab-
lished, there is no set methodology for achieving the aim. This paper looks at a common method of
structured hazard Identification, “The HAZID” which is used to produce a ‘Hazard Register’. It will
show how this process can be extended to establish a database which can be used to benefit a
number of emergency response tasks. These include information used during actual events; devel-
oping and testing emergency response exercises; preparing specific action checklists and pro-
cedures. The database can be linked to systems to check that appropriate equipment,
communication systems and facilities are available for emergency response, and that the staff
who are expected to use them are familiar with them during an emergency.

The HAZID methodology commonly used to identify hazards on oil/gas or Petrochemical Plant
provides a comprehensive list of hazards that detail both on-site and off-site risks. These hazards are
presented in a ‘Hazard Register’ (a typical extract is given in Table 1), and provide a short descrip-
tion of each a hazard together with information concerning the hazard ‘location’ and ‘area’, ‘type’
and ‘sub type’, ‘initiating event’ and ‘potential event’, ‘effect’, ‘safety function threatened’, ‘aggra-
vating conditions’, ‘hazard risk and vulnerability classification’ and ‘mitigation measures’.

This list, which usually exists in the form of a spreadsheet can be extended and developed into a
database that will produce many benefits throughout the emergency response organisation. As a
simple example the ‘Hazard Register’ can be extended to include tables for the scenarios and strat-
egies to be adopted for each identified hazard. If the process is continued tables can be added with
descriptions of the roles and responsibilities and action check-lists for the entire emergency
response team based on the requirements of the emergency plan. This includes all the incident
responders expected actions over the first critical hour of an incident (the ‘golden hour’). Action
checklists are also included for each member of the crisis management, business support, and inci-
dent command and on-scene tactical response teams. Table 2 is an extract of such a database table.

This task is best undertaken during the preparation of emergency plans. Once the database is built
it can gradually be populated as the plan is developed or when it is revised and updated. It can also
be done when exercises are conducted or following incidents.
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WALK-THE WALK; TALK THE TALK

A small team is required to complete a structured hazard
analysis, this should consist of a person who is familiar
with day to day site operations, a safety professional and
an independent emergency response planning consultant.
This team will ‘walk-the-walk’ and working with appropri-
ate checklists, ‘talk-the-talk’ concerning each hazard for the
entire establishment, changing the operation team member
as appropriate for each site area.

Consider the requirement to produce a hazard register
for an onshore oil and gas plant. A small multidisciplinary
team start at the well-head where hazardous materials are
produced and follow the hazardous products through flow
lines to remote plant to a Central Degassing Stations —
CDS. They then follow the product lines to tank farms
and loading terminals. They include a study of pipeline
transportation systems and receiving terminals to oil refi-
neries, petrochemical plant and product distribution
systems. External properties that could be adversely
impacted by production operations are included in the

403

hazard register. Figure 4 shows some of the hazards con-
sidered during a 2 day site visit by this type of team.

When considering the entire establishment several
thousand hazards may be identified for an oil exploration
and production company.

THE HAZID PROCESS

During the HAZID process, the team considers all realistic
scenarios against pre-determined check-lists. As well as
identifying the hazards the HAZID team discuss the emer-
gency response strategy, and tactics for the emergency
response organisation for each type of hazard. They also
consider the status of required equipment and communi-
cations systems.

CASE STUDY 1
Consider a fire occurring in the area of the oil and gas
production separators as illustrated in Figure 2. The hazard
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Table 2. An extract from a table in an emergency response database

response -1 Office org Teb x

Eile Edit Yiew Jnset Jools MWindow Help &
Ee W& T80 XTY u
Recordld | R Stage R g Respond [ Responderictions [ Respondertqupment ResponderComments

[ (030000 1 010 “First Observer Alert Emergency control 1oom Radio, Telephone, of Tannoy Act on instruction of the Emergency Controller
030000 1 020 Emergency Controller  Alert and mobilise on site fire team rae site  Radbo, Telephone, or Tannoy Stealarm  Ste fire team to acknowledge and respond
[o30000 1 02 Emergency Controller  Inform COFR of incident Direct hine Telephone COFR to acknowledge and respond
__|030000 1 024 Emergency Controller Inform local police Direct line Telephone Local police to acknowledge and respond

030000 2 030 EAP Warden Establesh evacuation status Radho or verbal communication Carry out head count at prearranged muster point
[ 030000 2 040 Fire Team leader Assess fie situation and advise Emergency  Radho of verbal communication Brief over view of stustion
o300 2 042 Fure Team Leader Ensure power 1o building s nolated Radwo o verbal communscation

030000 2 050 Fire Team Deploy water handiines ready for building  Water branch and Delavery hose Controlled branch required for internal firefighting
o000 2 052 Fire Team Two man tesm to Don SCBA, and enter 4XSCBA sets munimum Water 2 man SCBA team to remain cutside building as back-
[Jo30000 3 060 COFR Additional water handiine deployed for entry  Water Branch and Delrvery hose On arrival of COFR Controlled
030000 3 062 COFR Additional CDFR teams to don SCBA and  4xSCBA sets Water Branch 2 man SCBA back-up team to remain outside building

030000 3 064 COFR Ventilate building as soon as possible Building ventilated 5 500n a5 possible after fire is
[ 030001 1 010 Furst Observer Alert Emergency control room Radio, Telephone, or Tannoy Act on instruction of the Emergency Controller
[ 030001 1 Emerge Alert and mobilise on site fire team raise ste  Radko, Telephone, of Tannoy  site alarm Ste fire team to acknowledge and respond
[ Jo30001 1 Emerge Inform CDFR of incident Direct line Telephone
[ Jo30001 1 Inform local police Direct fine Telephone
030001 2 Establsh evacustion status Radso or verbal communication ¢ head count at prearranged mustes point
[ 030001 Fire Tearn leader Assess fire situation and advise Emergency  Radko of verbal communication Brief over view of situation
[Jo30001 Fire Team Leader Ensure power 1o building s solated Radko or verbal communication
[ 030001 Fire Team Deploy water/foam handlnes ready for Water branch and defivery hoses  foam d foam branches required for
[_Jo300m Fire Team Two man tesm to Don SCBA and enter 4XSCBA sets minimum Water
030001 COFR Deploy additsonal water/foam handiines Water branch and defvery hoses  foam
[ 030001 COFR Additional CDFR teams to don SCBA and 4XSCBA sets Water
030001 3 COFR Ventilate building as soon as possible

030002 1 First Observer Alert Emergency control room Radso, Telephone, or Tannoy n of the Emergenc
[ 030002 1 Emergency Controller Alert and mobilise on site fire team rase site  Radso, Telephone, of Tannoy stealarm  Ste fice team to acknowledge and
[ 030002 1 Emergency Controller  Inform CDFR of incident Direct fine Telephone CDFR to acknowledge and respo
030002 Emergency Controller Inform local police Direct line Telephone Loc cknowledge and respond

030002 EAP Warden Establsh evacuation status Radho or verbal communication C ead count at prearranged muster point
[ 030002 Fire Team leader Assess fire situation and advise Emergency  Radso of verbal communication Brief over view of situation
[Jo3o002 Fire Team Leader Ensure power 1o building s solated Radwo o verbal communication
™ Jo30002 Fire Team Deploy water handlines ready for building  Water branch and Delvery hose Controlled branch required for internal firefighting
[ 030002 5. Fire Team Two man team to Don SCBA and Enter 4SCBA sets manimum Water branch and 2 man SCBA team to remain outside building as back
[o30002 3 060 COFR Additional SCBA teams to don SCBA and Water branch and delvery hose On arrival of CDFR Controlied

1030003 1 010 First Observer Alert Emergency control room Radeo, Telephone, or Tannoy Act on instruction of the Emergency Controller
:omos 1 020 Emergency Controller Alert and mobilise on ste fire team rase ste  Radio, Telephone, or Tannoy site alarm Sate fire team to acknowledge and respond
[ 030003 1 022 Emergency Controller  Inform COFR of incident Drrect hine Telephone COFR to acknowledge and respond

3 1 024 Emergency Controller Inform local police Direct fine Telephone Local police to acknowledae and respond >
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register will identify the exact location and plant item. In this
case the ‘type’ of hazard is a fire with a ‘sub type’: jet fire. A
gland failure is say, the initiating event. The jet fire could
impact on adjacent gas handling pipe-work which describes
the ‘potential escalation for the event’. The consequence or
‘effect’ could be an explosion with multiple casualties,
damage to plant and adverse impact on the environment.
Safety functions could be damaged in an explosion, there
could be many aggravating conditions including the
weather, time of day or other plant operations. The hazard
risk and vulnerability classification may depend on specific
site conditions. Mitigation measures could consist of compre-
hensive site fire fighting services or at remote sites the policy
may be let it burn itself out without risk to the response team.
This is usually the extent of the hazard register.

The extensions to the hazard register shown in Table 2,
also include the emergency response actions, communica-
tions and emergency repose equipment required during the
first ‘Golden Hour’. Detailed checklists would be included
for each of the members of the On Scene Command, Incident
Command, Crisis Management and Business Support Teams,
The On-Scene Commander and On- Scene Response Teams
include process operations; fire fighting; search and rescue;
hazardous materials; medics environmental protection.
These are customised in the database against each identi-
fied hazard. The database action checklists for response
team members detail the expectations of each team mem-
ber for each type of hazard. As responders are assigned
tasks the required equipment and communications systems
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and availability are linked to the database. This enables
any member of an incident response team to assess exac-
tly what is expected of them and how to respond for any
particular hazard. It also shows what equipment and com-
munications procedures are required.. This information is
particularly useful when developing emergency exercises.

EMERGENCY RESPONSE DURING THE

GOLDEN HOUR

CASE STUDY 2

Consider the multidisciplinary team discussions for the
hazard of a loss of containment incident occuring at the
first and second stage separators which could result in a
large release of toxic gas, a pool fire, flash fire jet fire or
an explosion.

This could occur as a result of impact, corrosion, main-
tenance, human error, instrumentation and control failure.
A separator or similar vessel that is partially engulfed by fire
could rupture and cause a boiling liquid expanding vapour
explosion commonly known as a BLEVE. For crude oil and
gas separators the actual explosion could be much more
powerful than for a liquid petroleum gas (LPG) vessel if
the pressure is higher. In this case if the crude light ends
are above their boiling point a larger fraction could boil
off, depending on the temperature reached before the
vessel ruptures. The crude products would quickly “rain
out” however it is unlikely to contribute to a fire ball. The
time taken for the necessary heating of a vessel by a jet
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Number Emergency Hazard Initiating Potential Effect Safety Aggravating
Injured Service Strategy Event Event Function Features

ni L
Section Chief
Checklists

Roles &
Responsibilities
Checklists
On-Scene Commander
Tactical Response
Teams
Incident Commander
Incident Command
Teams
Crisis Management team
Emergency Support
Group

General h
Resource Worksheet
Equipment Tracking
Casualty Report
Rapid Requirement
Support Vehicle Inventory
Checkin & Demobilisation
Meeting Schedules
Meeting Records
Resources at Risk

Op ions Brach Team
Planning Branch Team
Logistics Teams
Admin & Finance Teams
Environmental Teams
Safety Teams
Security Teams
On-Water Teams
Air Teams
Incident Investigation
Security

Staging Posts

Databases
Telephone Directories
Resources & Tracking

Shift Rostas

Personnel

Contractors

Maps & Charts
Hazard register
Hazard Checklists
General Checklists
Hazardous materials
Medical Checklists
Medical Records

Casualties

Transport

Specialists

Travel
Training Exercises
Performance Evaluation
Training Records
On-Site ER Plans
Off-Site ER Plans
On-Site Personnel

Evacuati
Checl
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Hazard Mitigating

Muster Point
Checklist

Search & Rescue Safety - Security

Legal Liasion Safety
Officer Officer Officer

Models Overlays &
Diagrams
Fire Radiation Explosion
Detonation FRED
Gas Distribution
Qil Spill Tracking
Weather Reports
Evacuation reports
Hazardous Inventories
Sources of Ignition
Explosion Contours
Plot Plans
Pipelines
Essential Utilities
Escape routes
Area Search Plans
P&ID
PFD
Utilities
ELD
HAC
Walkthru Graphic
Walkthru Photo

Figure 1. Conceptual schema for emergency response information

fire could be as short as two or three minutes if a jet flame
impinges directly on the upper part of the vessel. A more
normal period though is 10 to 30 minutes. If the vessel can
be completely depressurised in this time, the chance of a

Systems & Interfaces
Master Clock
Electronic Incident Board
Telecomms Centre links
Safe Telephone Exchange
Hot Lines
In Plant Telephone
Record Playback
Timestamp messages
Video Conferencing
Video Switch
CCTV
GPS Tracking
GIS Overlays
DCS Interface
Black Box recording
Console workstations
HVAC
Room Lighting
Support Rooms
UPS & Generator
On-Scene Command Post
Information Noticeboards
Centre Furniture

BLEVE becomes remote. Although firewater sprinklers and
deluge systems are known to be ineffective in completely
preventing jet fire effects on vessels leading to BLEVE,
they do slow the process down. As a result, a combination

Jet Fire at
Separator nlet

oF

mobile water cooling monfiors

LR Activate COS Fire Alarm.

Inform Field Manager of
sizuaton.
Mob#se Duty Fre TRT

immediatly proceed to Fire

SCBA s required.

Inciden: Action Plan 1o identify

vi or
BLEVE is imminent

team be risk_ At 3l umes

to Guring the Inkial phase one
pericd, safety of personnel will be the number cne priority. TRT should not be expected or asked 10 perform
potentisily dangerous tasis that they have not been rained o perform. (Monitor BLEVE Risk at all times)”

Figure 2. Parallel on scene tactical response team operations during the golden hour
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of pre- aimed falling spray from a fire water monitor,
depressurisation within 15 minutes and fire water monitors
aimed directly at the flame impingement point would
reduce the risk at the separators by a significant factor.
The application of monitors, if it is to be done, should be
within the first 5 minutes of the release, after which all
persons in the hazard area should retreat to a safe position.
If the vessel does undergo a BLEVE, the area affected by the
fire ball can be very large. For 32. m3 of crude oil in the
vessel the fire ball size was calculated to be 47.5m in
radius, assuming 15% of the crude oil enters the fire ball.
The distance at which heat radiation causes injury is even
larger, 240 m. radius, with duration of 7.4 sec. In addition,
large parts of the vessel could be thrown, typically up
to 200 m.

A Chemical Safety Board video shows the tragic
results of a fire fighting team that thought that they would
be safe when deployed with their water hoses perpendicular
to a large cylindrical LPG vessel as these vessels tend to
explode through the ends of the vessel.

EXTENDING THE HAZARD REGISTER

With the hazards identified above in mind the HAZID
team extended the database for the Emergency Response
Actions and the ‘dynamic risks’ that the On-Scene Com-
mander might consider. For each identified hazard the table
identified the responders and their actions over the golden
hour. It also showed the equipment and essential communi-
cations between the emergency response teams. The first
observer becomes the IRIC (Initial Response Incident

SEPARATOR JET FIRE' COS OPERATOR INITIAL

O RESPONSE

situation
EST Modilised
Operatons Representative (ESG)
10 mobilise support requirements
through Abu Dhabi ESM once
mobilised and establish separator

Report From E8M isolason and BLEVE tactics

Level 2 emergency Declared
Writien Strategy in place
CDS to be shutdown

Foliow Incident Action Plan Formulste Incident Action Plan

Mobilise additicnal Fire Resources
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Sovens L i el e Emergency Support Manager ESM
Report From Emergency
Control Msnager (ECM)
Level 2 emergency Declared
OSRT to Command Staging Post
wosiLISE €CM ond ERT OSC Has assumed command of the

and OSRT needs as requred

Develop Isolation strategy for
separators

Consider Longer Term Impact of
BLEVE 81 separsiors

Contirm BLEVE strategy

HAZARD T1

[ The separator cannot be isolated from the Bettis
bypass valve is open

valve ESD i
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Commander) and takes charge of the on-scene incident
until relieved by a superior responder. The Incident Com-
mander mobilizes the incident command team, and if necess-
ary the Crisis Management Teams and the Business Support
Teams. The actions of the Emergency Response teams are
added to the database in separate tables. The emergency
response database can include a customized set of Incident
command system forms. If these are completed for a selection
of identified hazards the result is a comprehensive tool for
developing Emergency Response exercises because we can
evaluate the expectations of each team member against
their actual performance.

For example anyone can check at any time what
resources are currently available if an incident occurs.
When a job change occurs or a new role in the incident
command team is undertaken each person can check that
they have the appropriate training. When preparing emer-
gency response exercises, the scenarios in the database (ver-
ified by experience site operators and senior staff) are
available to assist in the exercise preparation.

Whenever an incident occurs the database is refined
and checked against how well teams are prepared for the
incident against what actually occurred to identify appropri-
ate lessons.

TRAINING

Training sessions for large or complex incidents often reveal
the difficulty inexperienced team members have in realizing
the large number of tasks that are being carried out in
tandem by an Emergency Response Organisation.

ESDidepressunsanon of Gas Wne, and Separator as per SOP, AUomanc achvanon of
Foed waser monitors 30 Cool Separator shell , Addeional mobie water cooling monitors
10 be geployed 31 he point of impingement to avold & BLEVE situation

Crisis Manager
cmT Mutual Aid

Putual Ald to Standady

Advise ADNOC Emergency
Room

Report From ESh
Level 2 emergency declared
Field Ske evacuated % E
Report outsite weat
local condimons - temperatures
OSC assumed command of the
suaton
EST Mobilised
Operations Representative
{ESG) In contact with OSC
Consider mobiising CMT
Advise BLEVE risk

Calculste depressurisation
charactenstic for Jet Flame

Prepare Sie instructions to
racelve Mutual Axd

Consider BLEVE Issues

Wwith respect 10 separator
DloWaowWN UMe

Consequence

The Decision to Fall back is

Escalation T2 |

Note if depressurisabon of the Gas kne cannot be 3
and cooling water apphad within 10 minues consicer
6vaCUADNG the area 1o 1km Large Missios radius Skm

critical. Effectiveness of Cooling
Water Impingement and rate of
collapse of jet flame needs to be

Escalation T3

BLEVE. Sour Gas, and Multiple Casualties

carefully monitored

Figure 3. Parallel incident command operations during the golden hour
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@ File Edit View Insert Format Tools Project Window Help
D &Y &t alde @ = ¢Hes E & € NoGroup rlRRRAT | @ @) .
€ ® 4 = Show~ Aral v+ 10 v ||B Z U ||E All Tasks > = | X |
Client Field Site
o Name Duration Dec '02 | Jan 03 |F
WS ws | wi1_ |
s9 Site survey with SSLPO 2 days B sA
60 1.Activation (Site specific) 0.06 days | |~ iﬁ"" --------
61 2. Site Hazard Incident Categorisation 006days | iMP _______
62 3. Site Emergency Mobilisation 0.06 days iMP
83 4. Severe Weather Checklist 006days | iMP _______
64 5. Search and Rescue for Identified Hazards 0.06 days i"'"’
es 6. Loss of essential Utilities 0.06 days iMP
et 66 7. Checklists ESD and EBD/isolation/black start 0.06 days | ”iﬁf’ """"
67 8. Roles and Responsibilities 006days iMP VVVVVVV
s 9. Site Hazards (On-Site Off-site) & mitigation 0.06 days Il""’
coo- 89 10. ERT/FCT Checklists 006days | i’-‘"" VVVVVVV
70 11. Well blow out & emergency evacuation 0.05 days iMP
12. Fire Hazard Assessment and Ignition sources 005days | iMP
13. Hazardous Material inventory & spill response 0.05 days i"‘"
14._ Site Plan Integration (V10-2) 005days | iMP
15. Response to VCE hazards 0.05 days i'\"’
16 Response to release of flammabable liquids 0.05 days [ —— iMP
17. Response to Release of toxic gases 0.05 days i"'"’
18. Response to relases from neighbouring sites 0.05 days - iMP
19. Fuel air ingress fire & explosion 0.05 days i""’
20. Hydrocarbon ingress into air 005days | iMP
21. Site Oil Pollution response 0.05 days iMP
22. Storgage tank fires 0.05 days | iMP
23. Response to Spontaneous Combustibles 0.05 days iMP
24 Pipeline Spillage 005days | iﬂ"’
25. Waste disposal 0.05 days iMP
28 Tavie linuid cnille nne A:\:cl < “mMP

Figure 4. Extract from 2 day HAZID site survey plan

Figure 2 illustrates the parallel operations undertaken
by On Scene Tactical Response Team Operations during the
Golden hour. The diagram shows the scenario, the strategy
to be adopted and the hazards associated with the event. The
communications and equipment required as well as safety
issues and concerns are also given. Figure 3 is similar
showing the parallel operations of the incident commander
and the Incident Command teams during the Golden hour.
This diagram also shows when notifications are made and
when business support, mutual aid and crisis management
teams get involved in the incident.

When the hazard register has been extended into a
database with associated emergency response information,
parallel operations over the golden hour of an incident can
be readily be seen.

With a comprehensive emergency response database
a site supervisor is able to see all of the tasks that they
and their subordinates could be required to do for every
identified hazard should an emergency occur. The database
can identify risks that on-scene commanders team are
exposed to and the equipment and personal protective
equipment that the team will need to be familiar with and
will be required to use. It can also show the state of this
equipment and when it was last used if the database is
linked to other operational databases. The training records
will show which team members have been trained on
specific equipment and how they performed.
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The supervisor will also know what ‘mission critical
communication’ should be taking place throughout the
emergency response organisation and have checklists so
see the actions that have been completed or are still
pending during the response.

The task of writing or reviewing emergency response
plans for a large organisation can be complex and involves
very large amount of interrelated information. This is best
stored in a database which be used to produce detailed
reports for the emergency response plan.

The database, when established, can be used during
actual incidents by operations and planning teams to show
what strategies have been considered for the incident and what
hazards and escalation might occur within a given timescale.

The database can be used by the emergency response
coordinator to check emergency preparedness of personnel,
equipment and emergency facilities.

Emergency response exercises can be selected based
on information in the database. It is important to run exer-
cises that will have a positive result. The expectations of
each person involved in the exercise will be defined as
well as their deputies when key people are not available.

The database can be developed over a number of
years to produce sophisticated emergency response tools.
The reality of an incident is often far more complex than
any exercise. However the database extending the Hazard
Register over a number of years could prove invaluable.
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