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INTRODUCTION
Baker Hughes Incorporated is a service company providing drilling, formation evaluation and
production technology to the oil and gas industry.  The corporation is the combination of many
innovative companies, some dating back to the early 1900s, that have developed and introduced
technology to serve the global petrochemical industry.  Every day in oil fields around the world,
Baker Hughes engineers, geo-scientists and field service personnel apply the latest technology to find
reserves, develop fields and produce oil and gas.

Baker Hughes INTEQ, a division of Baker Hughes Inc., provides a range of services associated
with drilling operations.  A major product line utilises sealed radioactive sources to obtain real-time
information on the formation being drilled.  This is done by use of a technique called 'measurement
while drilling' (MWD).  A ‘nuclear’ MWD operation on a drilling rig involves the use of a 185 GBq
Am-241/Be neutron source and a 74 GBq Cs-137 gamma ray source.  INTEQ’s Eastern
Hemisphere operations have provided MWD services in more than 50 countries in the last 10 years,
from its major support bases in the UK, Norway, Nigeria, Dubai and Singapore.

Baker Hughes INTEQ takes the safety of its work with radioactive sources extremely seriously and,
when developing these services, put a lot of thought into how this could be ensured.  An essential
factor was deemed to be the competence of the personnel providing the services at the rig site, most
importantly, the radiation protection supervisor (RPS).  The RPS is responsible for ensuring that the
specified working procedures are observed at all times.  In doing so, the RPS will ensure that the
work being done with the radioactive sources proceeds in a manner which is fully compliant with the
regulations for radiation protection in the country in which the work is being undertaken.

The work done by the RPS to ensure the safety of the sources and the personnel involved in the
operation, therefore, is central to Baker Hughes INTEQ’s radiation protection programme.  (A fuller
discussion of the programme, and the crucial role played by the rig site RPS, is provided elsewhere
[1]).  Because of this, INTEQ have, for 7 years, been utilising a formal programme to ensure the
competency of its rig site RPSs and, indeed, all of its radiation workers.  This paper provides details
of INTEQ’s competence assurance program and summarises the procedures put in place to ensure
that rig site RPSs are competent to carry out their duties in a manner that meets international, national
and company requirements.



COMPETENCE AND COMPETENCE ASSURANCE
Baker Hughes INTEQ’s RPS competence assurance programme is constructed along the lines of a
‘vocational qualification’ or ‘VQ’ standard.  These are well established in the UK and other some
European countries, having been developed to enable workers to obtain recognised non-academic
qualifications for skills developed in an actual work situation, rather than from education or formal
training.  A vocational qualification, therefore, is proof of a person's ability to do a job, and, as it
allows them to gain new qualifications throughout, and as an intrinsic part of, their working lives, the
system provides a unique route to continued personal development and ‘life long learning’.

To illustrate how well developed national vocational qualifications are in the UK, a qualification on
‘Radiation protection practice’ will soon be available to young radiation protection professionals.
This will be one way for them to plan and track their developing skills and knowledge and, when
complete, will enable them to demonstrate explicitly their competence to become a ‘qualified expert’
for the purposes of the 1996 EURATOM Basic Safety Standards Directive [2].

Before proceeding to explain how a competence assurance programme works, it is worth
considering what we mean by ‘competence’.  Competence is easily confused with performance,
which, in the past, tended to be assessed purely on the basis of the product, or what was achieved.
In some instances this is acceptable, but the end result does always not reflect the means used to
reach it.  This distinction becomes important when a person is performing a safety critical function.  If
the individual takes a short cut, of a type, for example, which compromises the safety of an
operation, then, although the end result may appear to be acceptable, the individual can not rightly be
deemed to be competent to undertake the role assigned to them.

Competence, therefore, should be considered to be the ability of a person to use their knowledge
and skills to perform effectively to a defined work standard.  It is useful to see this as a broad
concept, embodying all aspects of the ability to perform a job, not just the technical components,
which are often readily observable.  Competence, the ability to perform tasks consistently and in a
defined manner, can only be achieved through a combination of training and experience, applying the
learning and skills acquired in an actual work situation.  It can be seen, therefore, to consist of 3
components:

Knowledge - the knowledge a person needs to perform a task;

Skills - the experience they need to put their training into practice in the actual work
situation; and

Attitude  - the state of mind of the operator.  This is relevant as it will determine whether
they are likely to do the task ‘the right way’.



THE STRUCTURE OF A COMPETENCE ASSURANCE MODULE
As discussed above, the system being described here has been developed to enable us to measure,
objectively, against the minimum standard defined by the company, whether a person is competent to
undertake the role of rig site RPS.  In practice, it enables individuals to prove that they are
competent to take on this important role.  We feel that this system, both in its underlying principles
and in its application, fits in well with developing thinking in this area of radiation protection [3].  It
enables us to demonstrate to our clients, and, when necessary, regulators, that the RPS being sent to
the site is competent to take on responsibility for the sources and the safety of everyone involved.

When developing a system to ensure the competence of persons undertaking complex tasks, it is
necessary to assess the operation and identify the essential requirements to be fulfilled.  This analysis
can only be done by a person with a detailed knowledge of the task, and practical experience in
doing the work.  It is best done by breaking the task down into its separate components or ‘units’.
Units can then be broken down further by identifying the essential ‘performance criteria’.  It is
necessary to take care when phrasing performance criteria, to make it easy for an assessor to decide
whether the task is being done in the proper manner.  In this programme, the essential performance
criteria have been developed from an assessment of what needs to be done to achieve a good
standard of radiation protection.  As it is necessary to ensure compliance with the national legislation
in force in whichever country the work is being done, these performance criteria can be traced back
to the details specified in agreed and widely accepted international standards [4].  The next step is to
define ‘range statements’ to specify, as necessary, the different situations or environments in which
the tasks might need to be performed.  Finally, ‘knowledge statements’ can be used to define what
the workers need to know to be able to do the work properly.

To illustrate this process in a bit more detail, Figure 1 contains a specification of a part of INTEQ’s
Radiation Worker competence unit.

A properly specified competence unit can stand alone, such that it can be considered to be a
qualification in its own right.  It is normal, however, for a unit to cover only a component of what an
individual is required to do.  In such cases, several units, covering the whole task, are put together to
form a competence module.  A person who has demonstrated their competence in all of the specified
units is then deemed to be competent to undertake the entire task.

INTEQ’s entire competence module for RPSs consists of 6 separate units.  Together, these
encompass all the tasks that we require an RPS to undertake.  Competence in all 6 units will ensure
the safety of sources and personnel during all rig site nuclear logging operations.  The 6 competence
units in the RPS module are as follows:



1 Radiation worker – completed by all badged workers, at the time of their initial training.
Experience gained subsequently by a field engineer will be used to demonstrate competence
in the additional specific RPS units;

2 Radiation surveys – the function and proper use of radiation survey meters;

3 Source handling – the ability to move the logging sources between the transport container
and the logging tool;

4 Source control – storage and accounting for radioactive sources, including the setting-up, as
necessary, of temporary storage areas;

5 Radioactive materials transportation – completion of dangerous goods paperwork etc,
necessary in all cases for the legal shipment of sources back to the base facility;

6 Emergency procedures – the foreseeable incidents and emergencies, and the actions to be
taken.  All radiation workers receive training in this, but to be an RPS they must demonstrate
that they are able to assess a situation and lead in the implementation of all foreseeable
recovery operations.

ROLES AND RESPONSIBILITIES
It is useful at this stage to describe the roles and responsibilities of the different persons involved in
this competence assurance programme.  The candidate will in all cases be a senior MWD Engineer,
who will have been a radiation worker and actively involved in logging operations with radioactive
sources for at least 1 year.  With this level of experience they will commence to work towards
appointment as RPS.  In line with vocational qualifications generally, the candidate is primarily
responsible for gathering evidence of his/her competence, and presenting this for assessment.

 The evidence presented by a candidate is reviewed by an assessor, who will determine from this
whether the candidate is competent to become a rig site RPS.  All of the assessors working in the
programme are existing rig site RPSs.  To facilitate this, MWD Engineers with about 1 year’s
experience as an RPS are  given additional training necessary to enable them to be appointed as a
workplace assessor.  This requires them to complete a UK national vocational qualification, and
their competence in this is certified by an external awards body.  In leading the rig site operations,
these RPS/Assessors are then ideally placed to train the candidate on the procedures to be followed
and mentor them in the collection of evidence. The assessor will give feedback to the candidate on
his/her performance and on the evidence being collected.  They will also, if necessary, advise the
candidate on what they need to do to fill in any gaps in their evidence portfolio.
 



 All completed and assessed evidence portfolios are reviewed by a single central verifier.  This,
again, requires the completion of a UK national vocational standard and external certification as a
workplace verifier.  In this programme, the verifier is a Radiation Protection Adviser, the UK
equivalent of a qualified expert under the 1996 Basic Safety Standards Directive [2].  The role of the
verifier is to confirm that the standard has been achieved in the individual case – they will formally
accept or reject the decision of the assessor.  The final appointment of the candidate as RPS is done
by Baker Hughes’s Radiation Protection Manager.  This will only proceed after a positive
recommendation by the programme verifier.
 

 In their consideration of all evidence portfolios, however, the verifier is also in a position to ensure
that the programme is being applied consistently by all assessors, in different parts of the world.  The
verifier will thus also act as the focal point for the programme, co-ordinating assessor training and
conducting meetings with assessors, as necessary.  In performing this function, the verifier will ensure
the continued proper function of the RPS competence assurance system.
 

 A flowchart illustrating the workings of the RPS competence assurance programme in more detail is
provided in Figure 2.
 

 DEMONSTRATING COMPETENCE
 It is clear from the summary above that the main responsibility for collection and presentation of
evidence lies with the candidate, the person who wishes to demonstrate their competence.  The
candidate is expected to gain experience in day-to-day operations and, having done so, to start to
collect together a portfolio of evidence to demonstrate that they are competent to fulfil each of the
specified performance criteria.  Evidence of competence can be generated or provided in a number
of ways.  Types of evidence utilised in vocational qualifications include:
 

 Observation - Observation of the candidate doing the actual tasks is the best form of
evidence, but only when done by a trained assessor.  The assessor may use an observation
checklist to ensure that the standard is met.  If so, this checklist may be included as evidence
in the portfolio, in addition to the observation record itself.

 

 Witness testimony - This is documentary evidence from a third party who has observed the
candidate’s performance.  The witness must be reliable, and qualified to make a decision on
whether the task was done properly or the work product was satisfactory.  A witness
testimony, for example, may be provided by a representative of the client company for
whom the work was done.

 

 Record – In general terms, a record is anything which documents what the candidate did.  A
record will often need to be validated by a third party to confirm it is the product of work
done by the candidate, not someone else.

 



 Simulation - This is also observation evidence, but involves witnessing a simulation, rather
than the actual work.  Simulation is used because certain tasks are unlikely to be assessed
through observation, such as how a candidate responds to an emergency.  However the rule
for the acceptance of simulation as evidence relies on the task being as ‘true to life’ as
possible.

 

 Questioning - Questioning is a good method for checking if the candidate has the required
knowledge, but must always be backed up with evidence to prove skills and attitude.

 

 As our candidates must demonstrate their experience, skills and knowledge in every component of
the standard, they will normally provided a combination of all of these different types of evidence.
To illustrate this, figures 3 and 4 provide some examples of actual pieces of evidence presented by
candidates to demonstrate their competence against 2 specific performance criteria.
 

 An important stage for the candidate in this programme is the need to demonstrate his or her
competence in a ‘break-out job’.  This is not strictly necessary within a vocational competence
system, and is somewhat of a legacy from the previous RPS appointment system.  It has been
retained, however, as it is effective in demonstrating to everyone involved, including, in some cases,
the candidate themselves, that they are now ready to take on the added responsibility of being an
RPS.  A break-out job occurs during an actual rig site operation.  An RPS/Assessor observes the
candidate as they undertake, and essentially take full responsibility for, all of the tasks allocated to
the RPS.  This enables the RPS/Assessor to decide in a single operation whether the candidate is
ready to take this responsibility on without assistance.  The verifier will frequently look for a
successful ‘break-out’ report from an assessor before confirming the assessment and recommending
the candidate for appointment as a rig site RPS.
 

 ASSESSING THE EVIDENCE AND JUDGING COMPETENCE
 The assessor must ensure that the evidence is current and valid and that it is entirely relevant to the
units, elements and performance criteria.  Evidence must only be judged against the performance
criteria and across the range laid down in the units and elements which are being assessed. When all
the evidence provided by the candidate has been considered, the assessor can decide whether the
performance criteria have been satisfied.  Only when all performance criteria have been satisfied and
all of the range covered, can the element be awarded.
 

 The judgement of evidence should be consistent for all candidates: fairness is essential for an effective
competence assurance programme.  To ensure this, a ‘right of appeal’ has been built into the system.
Thus, if a candidate disagrees with their assessment, they can appeal against the assessor’s decision
to the programme verifier.
 

 CONCLUSIONS



 Baker Hughes INTEQ puts the greatest possible store in the competence of the engineers it sends to
a rig site to lead logging operations involving radioactive sources.  This is because we wish to ensure
the safety of the radioactive sources, and of the persons present on the rig, during all these
operations.  It is essential, therefore, that the RPS ensures that the correct working procedures are
followed.  The programme described above has been developed to enable us to assure their
competence to take on this role, and to demonstrate this as necessary to clients and regulatory
agencies.
 

 The implementation of this program has produced over 100 rig site RPSs, and no logging operations,
anywhere in the world, are undertaken without one of these persons being present.
 

 The company puts a significant amount of time and money into this programme, particularly arranging
for existing RPSs to complete the UK’s workplace assessor qualification.  It also takes a significant
amount of time for candidates to put together their evidence portfolio and for the assessors and
verifier to review this.  However, Baker Hughes INTEQ has an enviable record in the oil field for the
safety of its ‘nuclear’ logging operations, and we feel that this is due in no small part to the
competence of our RPSs. All of Baker Hughes INTEQ’s rig site RPSs have been assessed
objectively, in an auditable way, against a defined company standard.  These work standards have
been derived from international requirements for radiation protection.  Our view, therefore, is that the
resource which goes into the implementation of this programme is time and money well spent, given
the importance we place on a high standard of radiation protection being observed during all of our
field operations.

We recommend the use of competence assurance programmes to employers in other industry
sectors where there is a similar need to ensure the competence of personnel undertaking safety
critical operations.
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 Figure 1: An example of a part of a unit of competence, completed by all Baker Hughes INTEQ
radiation workers.

STANDARD OF COMPETENCE
Radiation worker

No. E-RP-001

Element Performance Criteria
a) Radiation

detector
operation

1. Radiation detectors are inspected for valid calibration date, battery
condition and general physical appearance.

2. Fitted audible warning devices are set for correct response.
3. Radiation detector response is confirmed using progressively lower

scales.
b) Perform

radiation
survey

4. Valid personal dosemeter is worn correctly as required.
5. Appropriate radiation detector is selected for use.
6. Radiation readings are taken as appropriate.
7. Results are recorded in accordance with normal procedures.
8. Barriers and signs are set up as required.

Range Statement
Systems and equipment                    : Source transport containers
                                                            :  Training sub
                                                            : Meter set and relevant instrumentation
                                                            : Batteries, lights and signs as applicable
Utilities                                               : As suitable and applicable for the situation
Remedial actions                                : Rectify, report
Reports                                               : Rig site survey form, Radiation survey form

Essential Knowledge
1. Baker Hughes Radiation Worker certification
2. Radiological Safety Rules – Operating and Emergency Procedures

 3   Relevant legislation
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Figure 2: A flow chart illustrating the roles and responsibilities of candidates, assessors and verifier
within Baker Hughes INTEQ’s competence assurance programme for Radiation Protection
Supervisors.



 Figure 3: A witness testimony confirming that the candidate took the necessary steps to comply
with transport regulations when shipping radioactive logging sources from the rig site.



                             
 

 Figure 4: A record providing evidence that the candidate did the proper checks on the source
containers, using the issued radiation survey meters, at the end of the job.

 


