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Abstract

The importance in identifying safety critical task in high-risk industries for competence assessment is greatly emphasised
to ensure the personnel is well equipped with high level of competence and assurance in certain safety critical tasks. Lack
of competency had resulted in various accidents in oil and gas industry. Failure in escape, evacuation, and rescue (EER)
operation in history has led to tragic consequences associated with high number of fatalities, such as Alexander L.
Kielland platform collapse, Piper Alpha disaster and tragedy of Ocean Ranger. Although competency assessment is
widely implemented in offshore industry, accident still occur which indicates that reliable competency assessment is
highly essential. In this research, a technical competency assessment tool is developed to assess the technical skills of
each individual in emergency response team during EER activities. Case studies are selected to evaluate the designed
Emergency Response Team Technical Competency (ER2TC) assessment tool where a range of different inputs and
parameters are designed and tested on the designed tool. Analysis is conducted to identify how the overall output is
affected by the uncertainty from the designed tool’s input and discover the impact of potential errors in the tool towards
the output generated from the tool. The ER2TC assessment tool overcomes personal subjectivity and biasness of
assessors, thus, producing reusable and reliable tool for decision makers in the evaluation of candidates. This tool has
also implemented stricter assessing criteria to evaluate the performance of candidates in EER activities. This is seen as
necessary due to the critical nature and the must to ensure the successful for EER operations as any failure could
potentially results in loss of lives. Thus, this ER2TC assessment tool has indeed sufficient to assess the technical skills of
personnel in ensuring the success of EER operations in offshore installations.

Keywords: EER; emergency response team; offshore; process safety; safety critical task; technical competency
assessment.

1.0 INTRODUCTION

In the 1988 Piper Alpha disaster, although Claymore platform and Tartan platform had already aware of the incident that
took place in Piper Alpha, oil and gas were still continuously supplied respectively to Piper Alpha from both neighbouring
platforms which further worsen the overall situation, resulted in loss of 167 lives [1]. Such action has raised questions on
the level of competency of the key personnel and Offshore Installation Managers (OIMs) of Claymore and Tartan
platform.

In April 2010, the Macondo well blowout had caused the loss of 11 human lives. Uncontrollable flow of oil
continued to flow out from the well until July 2010 where the well was capped had resulted in severe pollution to the
environment and affected thousands of birds and marine lives. According to Deepwater Horizon Study Group formed by
members of the Center for Catastrophic Risk Management following this accident, one of the factors that led to Macondo
well blowout was lacking in proper selection and training of personnel [2].
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In the period after the occurrence of Piper Alpha disaster, the dilemma faced by the engineering management was just
how truly competency is measured? In previous methodologies, companies send their employees to attend trainings where
certificate of attendance was provided and checked the training box only. There was no any additional assessment being
conducted to ensure that their employee was actually competent enough to apply the knowledge received in their
respective workplace [3]. There is no clear guideline on how to carry out assessment and record for audit and validation
in Standard or any related documentation [4]. Unlike competency assessment especially in medical industry, there are
clear explanation and standardised guidelines on the method to assess the competency level of candidate [5-8]. In fact,
there is great emphasised on the importance in identifying safety critical task in high-risk industries for competence
assessment to ensure the personnel is well equipped with high level of competence and assurance in certain safety critical
tasks [9, 10].

Competency assessment is carried out across different industries and different fields, to ensure that the person
in charge is able to reach the standards as anticipated in the employment/job description to execute the tasks within
function or occupation. Control of Major Accident Hazard Regulations 1999 (COMAH) was implemented on 1st April
1999, with the purposes to prevent major accidents by dangerous substances and control the consequences to wards human
and environment if accidents occurred. Unverified assumptions regarding staff competence are no longer acceptable based
on the regulation [11]. In Malaysia, Control of Industrial Major Accident Hazards (CIMAH) Regulations 1996 stated that
evidence are required to demonstrate that adequate steps have been taken for the prevention of any major accident or
minimise the consequences of the accident to human and environment [12, 13]. Arrangement for training persons working
on the site must be included in the safety report. According to Malaysia Factories and Machinery Act 1967 (Revised-
1974) (Acts 139), inexperienced workers are required to be provided with adequate training and supervision [14]. No
person are allowed to be employed to deal with any machine or any process unless the person has been fully educated on
the danger associates with the work and safety precautions that required to be observed, and either acquires adequate
instructions in the work dealing with machine or process or work under adequate supervision where the person responsible
for supervision is required to equip with knowledge and experience regarding the machine or process [14].

Competency assessment is emphasised and practised in several other industries such as medical and aviation
industry. There is great difference in terms of defining competency when compared to medical surgeons and aircraft
pilots. For medical surgeons, they must first qualify as Doctor of medicine. Next, they are required to further continue
postgraduate study and go through trainings through positions junior before being qualified as a surgeon [3]. The
importance of technical competency assessment in medical industry is recognised [15]. The competency assessment
system is study in depth [5-8] and well establish with the purpose to accredit the capabilities of a surgeon was supported,
not so much because of the quantity of procedures that performed, but for which the competency that is able to
demonstrate for the establishment of a surgical technique, with basic safety and efficacy [16]. As for aviation sector, the
requirements for pilot qualification includes a series of training, experience and assessment, which also covers the
progression from one grade to another, transfer between different types of aircraft and continuous competence assurance

[3].

Observational assessment is the method that is widely used by offshore industry when conducting performance
assessment [9]. The references for the trainer to make judgement will be either based on certain process values recorded
by simulator during the whole simulation session or referring to the final outcome on whether the task was completed
successfully or not [17]. The major issue associate to the final judgement on the assessment conducted is the strong
dependent to personal opinions and biasedness of the trainer. In fact, the subjectivity of the final judgement in assessing
performance may differ based on the trainers in charge.

As human involvement and intervention is still required even in the fully automated section, either in terms of
operation or maintenance, it is clear that the competence level of human involved has direct impact on the controls
efficiency. Staff competency is one of the essential focuses in order to ensure the effectiveness of systems, where each of
them from managers level down to employee levels are required to equip with sufficient experience, skills and knowledge
to control major accident hazards within their responsibilities. It is very clear that competency assessment is not only
limited for existing employee but organisations are also required to assess the competency for new hires and contractors

[9].

Escape, evacuation, and rescue (EER) from offshore installations is consider as the final line of defence to
prevent serious injury and loss of life from hazardous and unsafe incidents, for example extreme harsh weather, well
blowouts, loss of containment of subsea pipeline or riser, uncontrolled fire, loss of containment in process facilities and
ship collision [18, 19]. Tragic consequences associated with high number of fatalities are resulted from failure in EER
operation in history, such as Alexander L. Kielland platform collapse, Piper Alpha disaster and tragedy of Ocean Ranger
[1, 20, 21].

Industry-based guidelines have stated that operators play an important role in the evacuation preparedness of an
offshore installation [18, 22]. The significance of competency assessment in ensuring the safety and success of operations
has been highlighted in different studies [9, 23-25].

The definition of evacuation, escape and rescue are described as follows [1, 22, 26]. The term evacuation is referring to
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the designed procedure to evacuate from offshore installation without entering into the sea directly. Personnel on board
of the installation being transported either to vessel, safe offshore site or onshore location are considered success
evacuation, which may involve lifeboats, helicopters or bridge-links.

Escape refers to the approach of evacuating the installation during emergency when the evacuation system has
failed to operate. This is considered as the final approach to leave the installation where there is no other ways and this
may involve in entering into the sea directly. The escape means cover items that assist the personnel to enter the sea, such
as ladders, life-rafts and chute systems; and items that enable personnel to float when in the sea such as throw-over life-
rafts.

Rescue is defined as the process to recover personnel after their evacuation or escape from offshore installation.
Rescue also includes rescue survivors near the installation and transfers them to safe location.

Different hazards can cause different potential and speed of escalation, lead to several EER scenarios and
subsequently influence the evacuation and escape approach [20]. The following list covers some of the hazards that have
could possibly result in EER [18, 27].

Process leaks

Blowouts

Collisions

Helicopter crash on installation
Subsea production systems accidents
Accidents at riser and pipeline
Structural collapse

Foundation failure

Fire and explosions

Extreme weather

Hierarchical Task Analysis (HTA) has been widely applied as the general technique to examine tasks as this
method is capable to outline the main goal and sub-goals and describes their interactions to assist the identification of
human errors when executing the tasks [28]. The developments of HTA has been applied and extended to different fields
for different purposes such as job aid design, interface design and evaluation, error prediction, and work load assessment
[29]. Although HTA is unable to examine every human factors decision without reference other approaches and ideas,
however it provides guidance on the evaluation of tasks which contributes great benefits for all the other approaches and
ideas [30]. HTA has been applied in diverse industries, for example critical flight tasks for error prediction [31], evaluation
on new in-cab information technology used in long freight trains [32], prototypical designs for error identification [33],
analyse hydropower plant accidents through combination of HTA with fault tree [34], and complex overhead crane type
machines for identification of design deficiencies that potentially contributed to operator’s error [35]. In this research,
HTA is utilised to organise the input information for the tool.

The aim of this research is to develop a technical competency assessment tool which able to quantify the technical
skills assessment of each individual in emergency response team. In the present project, Emergency Response Team
Technical Competency (ER2TC) assessment tool is developed.

2.0 METHODOLOGY

The ER2TC assessment tool methodology is divided into two sections and delivered in a series of consecutive steps as
below. Section 1 describes base template and section 2 describes assessment template.

2.1 Base Template
Step 1.1: List down the task steps in sequence and categorised according to the appropriate level as defined in HTA.

Step 1.2: Determine the availability of recovery step if error occurred in that particular task. R=0.5 if recovery step is
available, else R=1.

Step 1.3: Define Severity Rating, SR into four categories which are catastrophic, critical, marginal and minor according
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to the severity of consequences. Value is assigned to each category and represents the severity of the consequence, where
catastrophic=27, critical=9, marginal=3 and minor=1 [36]. The definitions for the four categories are described in Table 1
[37]. With this technique, the worst potential outcome of a specific error can be assigned. In order to determine parameter
that is able to reflect the realistic nature of the assessment tool in the case of task failure, two different sets of SR
parameters are designed with reference to the metrics as guidance [36], and inserted into the assessment tool to run
scenario. The finding is explained in details under section 3.1.1.

Table 1. Classification of the severity of consequences

Magnitude Description SR
Catastrophic Failure may lead to multiple deaths 27
Critical Failure which may cause individual deaths 9
or severe injuries

Marginal Failure may cause minor injuries or delays 3
during an evacuation

Minor Failure not serious enough to cause injury 1

Step 1.4: Assign value to each of the task step according to sequence. If the sequence of the tasks is planned in order, Sq
value is assigned to each of the task step as:

Sq={nn-1,..,2,1} Q)
Where n is the total number of tasks in level i.

If certain group of tasks can be planned in any order or simultaneously, Sq value is assigned to that particular group of
tasks as:

Sq for simultaneous tasks = n+1—j,j>1 (2)

Where j is the task step for the group of tasks that can be planned in any order or simultaneously occur.

Step 1.5: Calculate the max score for a particular task. The max score for a particular task, Smax is calculated as:

Smax = SR X Sq X R 3)

Step 1.6: Calculate the total max score for the tasks from similar level, i. The total max score for all the tasks from similar
level, TSmax; is calculated as:

TSmax; = Y.Smax; 4

Where Smax; is the max score for a particular task from the similar level.

2.2 Assessment Template

Step 2.1: Fill in the Action column. If the task is carried out accurate and complete, A=1, else A=0.

Step 2.2: Calculate the score obtained for a particular task. The score obtained for that particular task conducted by
candidate, S is calculated as:

S = A X Smax (5)

Step 2.3: Calculate the total score obtained for all the tasks from similar level. The total score obtained for all the tasks
from similar level, TS; is calculated as:

TS; = ¥S; (6)
Where S;is the score obtained for a particular task from the similar level.
If the particular task consist of subtask,
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Step 2.4: Calculate the multiplying factor. The multiplying factor, MF is calculated as:

MF; = TS; + TSmax; (7

Step 2.5: The calculation for the score obtained for a particular task that consist of subtask is revised:

S = A X Smax X MF;, (8)
Where MFi.1 is the multiplying factor that is calculated from the subtask one level lower than the particular task.

Step 2.6: Calculate the overall score. The overall score, OS is calculated as:

0S = TS, + TSmax; X 100 9)

Where TS; and TSmax; are the total score obtained and total max score from the level i. Note that when i=1, TS; and
TSmax; is the total score obtained and total max score from the top level.

3.0 RESULTS AND DISCUSSION

In this research, a case study is selected to evaluate the designed ER2TC assessment tool, extracted from the hierarchical
task analysis of evacuation, escape and rescue [37]. The case study selected is ensuring sea worthiness of Totally Enclosed
Motor Propelled Survival Craft (TEMPSC), as shown in Figure 1.

In this case study, the assessment is conducted to determine competency level of the emergency response
personnel in-charge in ensuring sea worthiness of TEMPSC. These actions are performed before boarding every other
on-board personnel to evacuation and abandon offshore installation to safe locations during emergency. The nature of
this assessment is critical as there is high potential to jeopardise the successfulness of evacuation to safe area if one of the
tasks failed to carry out as intended.

Two different aspects of potential failures are taken into account in ER2TC assessment tool. The first aspect is
the criticality of the task related to the possible consequences that will directly impact to the personnel in the TEMPSC if
that particular task failed to execute as intended. This aspect is reflected in the value of SR in ER2TC. For example, every
personnel have already boarded into TEMPSC but sea worthiness of TEMPSC is not ensured by personnel in-charge.
When the TEMPSC has launched onto the sea surface, the engine is unable to start. This not only delayed the time to
bring every personnel inside the TEMPSC to safe area, but in the worst case scenario may result in multiple loss of
lifes. The second aspect is the criticality of the task related to the continuance of tasks after. In some of the tasks listed in
HTA as shown in Figure 1, the tasks are planned to perform in order, which means that those group of tasks can only be
carried out according to sequence. For example, task 3.5 Perform engine checks and task 3.6 Engage full reverse neutral
RPM. According to the plan, task 3.5 has to be executed successfully before task 3.6 can be carried out. This is because
if the engine is not started or unable to start, the personnel in-charge unable to trial engage the TEMPSC move forward,
reverse, neutral and increase the engine RPM to increase speed during preparation. Therefore, it shows that for tasks that
required performing in sequence, the prior task carries higher criticality as compare to latter task.

Ensure sea
worthiness of
TEMPSC P
Plan: In order ‘
1 1
1. Ensure no 2.Ensure:al
z maintenance 3. Check 4 Start
damage to :
= and grip wires interior engine
exterior :
are released Plan;1 104 in any order, then 3, thent |
| 1 1
3.1. Ensure 3.2. Ensure . 3.4. Prepare _
: : : 3.3. Ensure P 3.6. Engage
drain plug is air support waterspray 3.5, Perform :
securel system is g Jevet is system for engine checks Pl reverse
¥ ¥ 234 sufficient Y - neutral RPM
fitted operational operation

Figure 1. HTA for ensure sea worthiness of TEMPSC
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3.1 Sensitivity analysis

This ER2TC assessment tool relies on a few input parameters, where each of them is subjected to some variability or
uncertainty. Sensitivity analysis is conducted to identify how the overall output is affected by the uncertainty from the
tool’s inputs. Besides, this also helps to discover the impact of potential errors in the designed tool towards the output
generated from the tool. A range of different inputs and parameters are designed and tested on the tool.

3.1.1  Severity Rating

The factors that influence the overall score the most are the severity rating especially those tasks with high severity rating.
This is expected as the value assigned for high severity rating is much higher as compared to other parameters. The task
sequence arrangement is also important as the task sequence contributed the 2nd highest value in the calculation. The
other parameters in the tool make smaller difference as compared to severity rating and task sequence. If the severity
rating is adjusted to factor of 1 as demonstrated in Table 2, the differences between each severity rating are not
significance.

Table 2. Case study with SR in factor of 1 and factor of 3

Level Task Step SR (Factor of 1) SR (Factor of 3)
Ist Ensure sea worthiness of 4 27
TEMPSC
2nd 1 Et_lsure no damage to 4 27
exterior
2 Ensure all maintenance
. . 2 3
and gripe wires are released
3 Check interior 3 9
4 Start engine 2 3
3rd 3.1 Ensure drain plug is 1 1
securely fitted
3.2 Ensure air support 2 3
system is operational
3.3 Ensure fuel level is 5 3
sufficient
34 Prepare waterspray 2 3
system for operation
3.5 Perform engine checks 3 9
3.6 Engage full reverse 1 1
neutral RPM

The value of the tasks that would result in catastrophic consequences is not much different compare to the tasks that
would only cause minor consequences. In the end, failure to complete low severity task would impact the overall score
almost as much as the failure to complete high severity task. However, if the severity rating is adjusted to factor of 3, the
differences between each severity rating are more significance and would provide greater impact to the OS. The impact
of SR towards OS in factor of 3 is 70.8% higher than SR in factor of 1, which is more desirable to highlight SR as the
main parameter in the tool. Therefore, it is necessary to set the severity rating in factor of 3 to demonstrate the greater
difference between low severity task and high severity task in order to emphasise on the importance of task severity in
EER activities.

3.1.2  Task Sequence
The sequence of task has also been tested with two different sets of parameters, Set A and Set B. Set A is assigned with

value of 1 for all the task sequence where each task sequence is assumed to carry similar weight. Set B is assigned with
values according to their own sequence according to the condition written in methodology step 1.4 and step 1.5.

The two sets of parameters for task sequence, as shown in Table 3, are inserted into the tool and sensitivity analysis is
carried out. Task step 3.1 to 3.4 is the group of tasks that can be planned in any order, whereas all the other tasks have to
plan in order.
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Table 3. Case study with Sg=1 and Sg={n, n-1, ..., 2, 1}

Level Task Step %‘(’: =A1’ SetlBSq; {'1‘} -
Ist Ensure sea worthiness of I 1
TEMPSC
2nd 1 Ensure no damage to 1 4
exterior
2 Ensure all maintenance
and gripe wires are 1 3
released
3 Check interior 1 2
4 Start engine 1 1
3rd 3.1 Ensure drain plug is 1 6
securely fitted
3.2 Ensure air support I 6
system is operational
3.3 Ensure fuel level is 1 6
sufficient
3.4 Prepare waterspray
. 1 6
system for operation
3.5 Perform  engine 1 2
checks
3.6 Engage full reverse | 1
neutral RPM

From the result obtained, it is obvious that Set B has greater impact towards the overall score than the Set A, especially
when the task that is in earlier sequence is accompanied with high severity. Parameter from Set B produced 71% more
impact to the OS in the tool than Set A. If the group of tasks can either arrange in any sequence or conducted
simultaneously as shown in Table 3 task step 3.1 to 3.4, it is acceptable to assign similar value for that particular group
of tasks. However, for the tasks that have to plan in order, any error or failure when conducting prior task may either
cause the tasks after not be able to carry out smoothly or unable to proceed at all, which proves that Set B is more
reasonable and practical than Set A that assumed each task sequence to carry similar weight. Thus, it is justifiable to
assign different values for the group of tasks that have to be conducted in sequence with the second parameter used in the
sensitivity analysis, where prior task is assigned with higher value than the following task.

3.1.3  Recovery

As for recovery, two different parameters have been tested, where the first parameter is without considering recovery in
the tool while the second parameter is takes in consideration of recovery. If all the recovery steps are not being considered,
failure in accomplishing any task is assume to be irreversible and potentially resulted in their consequences respectively.
This would lead to higher impact for tasks that can be recovered while reduce the impact for tasks that cannot be recovered
with other actions towards the final assessment result, as shown in Smax value in Table 4.

Table 4. Case study without Incorporation of Recovery Steps

Level Task Step Recovery Step SR Sq Smax

Ist Ensure sea worthiness of TEMPSC Evacuation by other means 27 1 27

2nd 1 Ensure no damage to exterior Evacuation by other means 27 4 108
2 Ensure all maintenance and gripe wires are Evacuation by other means 3 3 9
released
3 Check interior No recovery available 9 2 18
4 Start engine Evacuation by other means 3 1 3

3rd 3.1 Ensure drain plug is securely fitted Evacuation by other means 1 6 6
3.2 Ensure air support system is operational No recovery available 3 6 18
3.3 Ensure fuel level is sufficient Evacuation by other means 3 6 18
3.4 Prepare waterspray system for operation No recovery available 3 6 18
3.5 Perform engine checks Evacuation by other means 9 2 18
3.6 Engage full reverse neutral RPM Evacuation by other means 1 1 1

or Internal Recovery

In reality, errors in some of the tasks can be corrected with recovery actions. These recovery actions can amend those
errors and the task can be completed successfully, which wouldn’t result into any incident. Therefore, there should be
differential on the values for tasks with recovery steps and without recovery steps, as shown in Table 5. The tasks that
are unrecoverable should carries higher impact towards the final results than tasks that can be recovered with other actions.
In order to develop a tool that is more realistic, the existence of recovery steps for each task are taken into consideration
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and incorporated into the ER2TC.

Table 5. Case study with Incorporation of Recovery Steps

Level Task Step Recovery Step SR Sq R Smax

Ist Ensure sea worthiness of TEMPSC Evacuation by other means 27 1 0.5 13.5

2nd 1 Ensure no damage to exterior Evacuation by other means 27 4 0.5 54
2 Ensure all maintenance and gripe wires are Evacuation by other means 3 3 0.5 45
released
3 Check interior No recovery available 9 2 1 18
4 Start engine Evacuation by other means 3 1 0.5 1.5

3rd 3.1 Ensure drain plug is securely fitted Evacuation by other means 1 6 0.5 3
3.2 Ensure air support system is operational No recovery available 3 6 1 18
3.3 Ensure fuel level is sufficient Evacuation by other means 3 6 0.5 9
3.4 Prepare waterspray system for operation No recovery available 3 6 1 18
3.5 Perform engine checks Evacuation by other means 9 2 0.5 9
3.6 Engage full reverse neutral RPM Evacuation by other means 1 1 0.5 0.5

or Internal Recovery

In this research, ER2TC assessment tool is primarily designed to evaluate the competency level of each individual member
of emergency response team in execution of safety critical tasks. However, the success of EER operations are also
dependent on teamwork, collaboration from each team members and sometimes might even involves different parties to
perform their respective tasks effectively. Nonetheless, the potential of ER2TC for adaptation and application in group
assessment can be further explored.

4.0 CONCLUSION

Although competency management system is widely implemented by corporates in the oil and gas industry, however
there is no detailed study on the assessment of technical skills in EER activities. In this paper, the capability of the ER2TC
assessment tool in tackling and resolve the inadequacy as written in the literature review section is well addressed.
Generally, the ER2TC assessment tool overcomes personal subjectivity and biasness of assessors, thus, producing
reusable and reliable tool for decision makers in the evaluation of candidates. This tool has also implemented assumption
on worst case scenario and stricter assessing criteria to evaluate the performance of candidates in EER activities. This is
seen as necessary due to the critical nature and the must to ensure the successful for EER operations as any failure could
potentially results in loss of lives. Thus, this ER2TC assessment tool has indeed sufficient to assess the technical skills of
personnel in ensuring the success of EER operations in offshore installations.
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R Recovery

SR Severity Rating

Sq Sequence

Smax Max score for a particular task
TSmax Total max score for all tasks

i Task hierarchy level

S Score obtained for a particular task
A Action

TS Total score obtained for all tasks [only consider tasks from similar level]
MF Multiplying Factor

oS Overall Score
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