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INTRODUCTION
Baker Hughes Incorporated is a major supplier of well-bore related technology and services to
the global oil and gas industry.  It provides equipment, products and services for drilling,
formation evaluation, completion and production of oil and gas wells throughout the world.
The corporation currently has just under 27 000 employees working in more than 75 countries
and, to give an indication of the scale of the operations, had a operating profit after tax in
2001 of US$ 448  million [1].

Five of Baker Hughes’s oil field operating divisions have some involvement with radioactive
materials, sealed and unsealed, natural and artificial.  The authors of this paper make up the
Radiation Protection Department which supports the company’s work with ionising radiations
in the ‘Eastern Hemisphere’ of the global oil field. The work involves more than 3 000
‘badged’ radiation workers in 50 countries.  Work with radioactive materials is done in
compliance with the requirements of 120 operating licences, issued by national regulatory
authorities, permitting the storage, use and transport of upwards of 8 000 sealed radioactive
sources.

In this paper we are going to look at the radiation protection programme which has been
developed within one of the corporation’s newer operating divisions, Baker Hughes INTEQ,
which is a major supplier of drilling and real-time formation evaluation services.  These
enable the company to steer and drill complex wells, in the most challenging down-hole
environments, into multiple target zones in oil and gas reservoirs [2].  We will focus here on
INTEQ’s ‘measurement while drilling’ or ‘MWD’ services.  These provide precise well
navigation information and evaluation of the formation being drilled through, in real time, to
the rig operators.  Prior to the development of MWD technology, such information could only
be obtained by lowering equipment into the hole after the drill had been removed, using
‘wireline logging’ techniques.  MWD tools carrying radioactive sources, commonly known in
the oil field, albeit incorrectly, as ‘nuclear tools’, provide information on the density and
porosity of the underground formation being drilled through.

In the 10 years since it developed its ‘nuclear’ MWD technology, INTEQ have provided these
logging services in more than 50 countries.  In the Eastern Hemisphere, the division currently
has around 300 trained radiation workers actively supporting and providing nuclear MWD
services.



LOGGING SOURCES
The most active sources in use by INTEQ are the logging sources, which are loaded into the
logging tools.  The loaded tool is attached to the drill string and travels underground to
provide real-time evaluation of the formation encountered.  The porosity logging tools carry a
nominally 185 GBq sealed source of amercium-241/beryllium (Am-241/Be).  Backscatter of
neutrons by the formation provides information on the porosity of the rock.  The density
logging tools carry a 74 GBq sealed source of Cs-137: the Compton scattering of the emitted
gamma rays provides information on the density of the formation being drilled through.  The
radioactive sources used in both of INTEQ’s logging tools come within the definition of a
high activity source contained in the proposal, currently being discussed within the European
Union, for a Directive aimed at strengthening control of high activity sealed sources [3].

The sealed sources used to manufacture logging sources come doubly encapsulated from the
manufacturer and more than meet the standards specified internationally for oil well logging
sources [4].  They are, however, encapsulated again within a third welded stainless steel plug
specifically designed by Baker Hughes INTEQ.  This enables the source to be manipulated
with the handling tools designed by INTEQ and also enables it to be properly and securely
screwed into the source port on the logging tool before it is run down hole.

The responses of the neutron and gamma detection systems on the logging tools are calibrated
prior to each logging job.  The response of the detectors is then confirmed by ‘verifiers’,
devices containing smaller radioactive sources. The density tool verifier contains 2 small Am-
241 sources (37 MBq each) and 2 Cs-137 sources (3.7 MBq and 1.85 MBq).  The neutron tool
verifier contains 2 Am-241/Be sources (1.1 GBq each).  The verifiers accompany the tools
and logging sources to the rig site so that the detector response can be checked and confirmed
prior to the commencement of the logging operation.  This permits the application of the pre-
job calibration and enables the MWD engineers to provide quantitative measures of the
density and porosity of the formation being drilled through.

DOSE CONTROL PHILOSOPHY
To put the risk involved in handling these sources into context, an unshielded 74 GBq source
of Cs-137 will produce a dose rate at 1 m of 6 mSv/h.  This is of the order of, and often
greater than, the radiation dose rates produced by radioactive sources used in industrial
radiography.  Employers in the radiography industry are widely perceived as not doing
enough to keep the doses being received by the workers involved as low as reasonably
achievable [5].  Moreover, our MWD operations share the temporary and transient nature of
industrial site radiography, a feature which is often cited as being a major factor in the poor
standards in that industry.  (The two activities, clearly, are not identical.  While it is likely that
an average industrial radiographer will be required to undertake significantly more source
exposures than the source handling operations done by INTEQ engineers, this will be
balanced by the fact that radiographers are able to stay much further away from the exposed
sources that our engineers can.)  We intend to illustrate here how a well considered radiation
protection programme can overcome these obstacles and ensure that persons working with
high activity sources, in difficult and remote environments, can be well protected.



The regulations applying to our work in Great Britain are explicit in specifying a hierarchy in
the methods to be used to keep radiation doses as low as reasonably achievable [6].  Radiation
employers are, first and foremost, required to do everything which it is ‘reasonably
practicable’ to do by ‘means of engineering controls and design features, and in addition by
the provision of safety features and warning devices’.  Only when this has been done can
systems of work be relied upon to protect the workers involved.  Finally, personal protective
equipment is only ever used as a last resort. A detailed consideration of the implications of
these requirements is available in the guidance document published in support of the
regulations [7].  But to illustrate this in very simple terms, this control hierarchy can be
considered to give legal weight to the need to minimise external radiation dose first and
foremost by the use of ‘shielding’, and then, where necessary, ‘distance’, rather than relying
on ‘time’.

The approach taken by Baker Hughes INTEQ to control radiation doses is very much in line
with this well developed philosophy.  For this reason, all our radioactive sources are kept,
when not in use, within their Type A transport containers in properly designed radioactive
material stores.  A moveable ‘bunker’, which also acts as an overpack for transport purposes,
has been designed to permit the safe storage of sources at temporary or remote bases, and at
rig sites.  A full discussion of the design and use of INTEQ’s bunker overpack is available
elsewhere [8].

Figure 1: An INTEQ MWD Engineer at a rig site, using a handling tool
       to load a radioactive source into a logging tool.



Logging sources only need to be removed from their transport containers for loading into
logging tools for calibration purposes at a maintenance base, or for running in hole at a well
site.  Stress is given during the training of INTEQ’s radiation workers to the importance of
removing a logging source from its container at the last possible moment, after all the
necessary preparations have been made.  A specially designed handling tool is used to move
the logging source between the transport container and the ‘source port’ of the logging tool
(see Figure 1).  The handling tool ensures that the worker never comes within 1.3 m of the
unshielded source during its transfer.  The source handler is exposed to an effective radiation
dose rate of no more than 600 �Sv/h during this operation.  Personal electronic dosemeters are
used to monitor gamma ray doses during all source handling operations.  These indicate that
an engineer loading a Cs-137 source into a density logging tool and running it in hole will
typically receive a whole body dose of around 10 �Sv.

THE ROLE OF THE RADIATION PROTECTION SUPERVISOR
Every operation with logging sources at a rig site, everywhere in the world, is run under the
control of a senior engineer called the ‘Radiation Protection Supervisor’ (RPS).  The RPS
takes responsibility for every aspect of the safety of the work with the sources at the rig site.
This is particularly with regard to loading the density and neutron sources securely into the
logging tool before they are run in hole, and in returning them to their transport containers as
soon as the drill string returns to the surface.  The RPS will also take responsibility for
ensuring that the sources are safely removed from the rig at the end of the job, making proper
use of the gamma ray and neutron survey meters supplied to all work locations.  The RPS is
the first point of contact for the rig operators and client company on the radiation protection
issues relevant to the job, and it is envisaged that the RPS will be in a position to deal with
every aspect of this part of the logging operation.

It follows that the work done by the rig site RPS is absolutely central to Baker Hughes
INTEQ’s radiation protection programme.  If the RPS does his or her job properly, then the
standard of radiation protection and source control should be adequate, and in compliance
with the health and safety and environmental regulations in place in the country in which the
work is being done.  If the RPS does not do what is required, or if the working procedures are
not observed, then things can go wrong.  This puts everyone on the rig at risk, and leaves the
company open to criticism, not least to the possibility of action by the regulatory authority.  It
is for this reason that INTEQ put such great store on the competence and reliability of their rig
site RPSs.  It is crucial that they understand the risks involved and are fully aware of their
responsibilities.

A full discussion of the workings of the formal competence assurance system which must be
completed before a trained radiation worker can be appointed as an RPS, and take
responsibility for the work with the logging sources, is given elsewhere [9].

TRAINING AND COMPETENCE
All of the regulations we work under require radiation workers to be trained.  Some of the
most explicit statements on what workers need to know, if not necessarily how this can be
achieved, or how long their training might be expected to take, is provided by the



International Atomic Energy Agency (IAEA) in its International Basic Safety Standards
document (see paragraph I.27) [10].  It is never an easy matter, in any industry sector, to
decide what training radiation workers need to be given to undertake their work safely and
reliably.  This becomes a very grey area indeed where there is no agreement on best practice
within an industry.  This has lead to a wide variation in the training programmes set up by the
different companies providing well-logging and MWD services to the oil and gas industry
throughout the world.

Another factor which should not be overlooked, is that training has significant resource
implications for these employers, arising directly from the time workers need to be taken
away from their operational duties to attend courses etc.  This in itself, even without
considering the additional costs arising from travel and accommodation etc, has a direct effect
on the profitability of remote operations, more so than most practical health and safety
initiatives, including those involving significant one-off capital expenditure.

Baker Hughes INTEQ’s radiation training has been put together to meet the standard
recommended by IAEA and, in doing so, also complies with that specified in the 1996 Basic
Safety Standards Directive [11].  No-one can become a radiation worker within INTEQ
without attending the Radiation Safety Course, which lasts for 5 days.   The first 3 days of this
course is in the classroom and aims to ensure that everyone has a proper appreciation of the
risks arising from the radiation exposure which they will receive as a radiation worker.  A
significant time is also spent getting them to understand the need for the dose control methods
which they will employ in their day to day work.  The final 2 days of the course are
practically orientated.  All workers are trained in the operation of radiation meters and trained
to use these in the completion of radiation surveys.  Dummy logging sources are employed to
give everyone practice in the operation of the source handling tool, to load and unload the
logging tools.  The final day of the course is concerned primarily with what can go wrong
during these operations and trains the workers in the emergency procedures to be followed.

Persons who complete the course satisfactorily are deemed to be competent to commence to
work with the radioactive logging sources in controlled areas, under supervision of an RPS.
We believe that the high quality training given to all our workers, and the extensive additional
experience required for RPSs, is an essential foundation for the successful operation of our
radiation protection programme.

RADIATION DOSIMETRY AND A REVIEW OF DOSES
Baker Hughes INTEQ uses the services of the UK division of Landauer Inc for the assessment
and recording of radiation doses received by its radiation workers in the Eastern Hemisphere.
Prior to April 2001, every radiation worker was in receipt of Landauer’s TLD Body dosemeter
for gamma rays, with an added Neutrak 144 strip for neutron dosimetry.  Since April 2001,
we have been utilising Landauer’s Luxel dosemeter for the measurement of gamma ray dose.
Badges continue to be issued quarterly.

Figures 2 and 3 illustrate the range of doses received by INTEQ’s radiation workers during
1999 and 2000. Note the large fraction of workers in receipt of zero doses, somewhat typical



of such dose illustrations.  In analysing this data, however, we will ignore these zero doses, in
line with accepted practice, which assumes that such persons are not active workers [5].  We
anticipate that the improved sensitivity to gamma ray doses afforded by Landauer’s Luxel
dosemeter will reduce the number of badged workers with zero recorded dose.  This will give
us an improved distinction between the genuinely non-active workers and operators who are
involved in the work with sources but whose doses are below the detection thresholds of the
dosemeters.

The 1999 data indicates that 66 workers had non-zero doses, with these receiving an average
annual effective dose of 0.54 mSv.  The most exposed worker in 1999 received an annual
effective dose of 2.3 mSv.  The 2000 data illustrates that 115 workers had non-zero doses,
with these receiving an average annual effective dose of 0.57 mSv.  The most exposed worker
in 2000 received an annual effective dose of 2.4 mSv.  Furthermore, it is worth stressing that a
closer analysis of this data confirms that doses are being equally well controlled in different
parts of the world – our engineers receive no more radiation dose when working in a
developing country, or at a remote location, than they do when working in a major oilfield in
Europe.

There is no merit whatsoever in doing an analysis of this kind unless we are sure that the
recorded doses are a true assessment of the dose being received.  We have confidence
however, from the training given to all workers and the competence of our RPSs, that INTEQ
workers are wearing their personal dosemeters when necessary.  It follows that the dose
records held by Landauer are a true reflection of the radiation doses being received.

DISCUSSION
It is unwise to attempt to decide whether radiation doses are as low as reasonably achievable
purely from an analysis of the doses being received.  A low dose is not necessarily ‘ALARA’.
Determining that doses are as low as reasonably achievable can really only be done from a
detailed review of the actual operations being undertaken, and consideration of whether the
defined working procedures are being followed on every occasion.

An analysis of this sort becomes possible, however, from a comparison of the doses being
accrued by different operators involved in similar work, as this can be used to define a
benchmark or reference level for the practice.  We have, however, been unable to find any
published information on the radiation doses received by workers in wireline or MWD
operations. This is one of the main reasons behind our decision to publish our dose
information in this public forum.  

In the absence of any obvious benchmark against which we can assess our performance, it is
necessary to look elsewhere.  It is instructive, therefore, to compare the doses being received
by INTEQ workers with those received by industrial radiographers.  Some data is available on
doses being received in that industry and, as discussed previously, the risks, operations and
environment are not dissimilar from those experienced by our MWD operators.



A analysis of some published data from the UK illustrates that the average dose received by
industrial radiographers in 1999 was 1.8 mSv (ignoring those with zero doses) [12].
Furthermore, more than 7% of the workers who received non-zero doses in that industry that
year received an annual dose in excess of 5 mSv.  Other available data indicates that an
average annual dose for industrial radiographers across Europe is 1.5 mSv [13].  This average
is also obtained by setting aside the data for badged workers with zero recorded dose.

It appears likely that these doses are, in fact, much lower than those being recorded for
industrial radiographers in many other countries, but they are still significantly greater than
the doses being received by our engineers and technicians.  Looked at in the light of this
benchmark, the doses being received by INTEQ workers are not high. We conclude that we
are doing more to control the doses being received by our workers than is being done in the
industrial radiography industry.  There is, certainly, nothing to indicate that we are failing to
keep the radiation doses being received by our radiation workers as low as reasonably
achievable, in line with international requirements.

CONCLUSIONS 
We believe that our low radiation doses have been achieved primarily by careful application
of engineering controls, and by the high quality training of our personnel.  It follows that
other employers in the oilfield and in other industries, such as industrial radiography, can
improve their dose control by making additional effort in these areas.

It should almost go without saying that the use of engineering controls is the best way to
control and, where necessary, reduce radiation dose.  This is particularly powerful when
considered at an early stage in the development of a new operation, when the equipment is
being designed.  Engineering controls are, of course, already in widespread use in many
industries, but that does not mean necessarily that doses will be kept as low as reasonably
achievable.  The physical control measures put in place for an operation must be reviewed
periodically to ensure that they are working properly and to determine whether any
improvements are possible.

It is easy to come to a conclusion that the more sophisticated the physical controls measures
are, the less radiation protection training is required by the employees involved.  This would
be a mistake and, indeed, our view is that the opposite is closer to the truth.  We want to stress
here the central role played by good training in our programme.  We have well supervised and
competent workers, who appreciate the risks arising from the sources they are working with.
They have been trained in the working procedures to be followed, and understand why these
procedures have been put in place.  This, in our view, is the best guarantee we have that the
correct working procedures will be followed, and that the doses arising from our operations
will be maintained as low as reasonably achievable.
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Figure 2: Doses received by INTEQ radiation workers in 1999
(* Average dose calculated for workers with non-zero doses only.)
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