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Training on NORM: Increasing awareness, reducing occupational dose
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Abstract. Awareness of a risk is the starting point of protection against it. The best way of creating
this awareness is by providing training to the persons that run the risk. This also applies to the risks
associated with the presence of Naturally Occurring Radioactive Materials (NORM) in oil and gas
production installations. Our experience shows that with relatively little effort, and low cost it is
possible to provide training on NORM to operational personnel of oil and gas companies. In this way,
a reduction of occupational dose and an increased protection of the environment can be achieved. This
applies in particular to the less developed countries, where little regulation is in place. The workers
themselves form a group that is motivated and eager to learn about these risks.Training of personnel is
a valuable tool to make people more conscious of the risks involved with radiation and to safeguard
society, instead of a system of permissions and governmental regulations that often is not functioning
properly.

1. INTRODUCTION

The oil and gas industry is one of the industries that is faced with the problem of naturally
occurring radioactive material (NORM). In this paper we describe the way in which an oil
company operating in a less developed country can deal with this problem by drawing up
special NORM procedures, and training of its workers.
However, first we give a brief, and therefore simplified, description of the origin of NORM in
the oil, and gas industry and illustrate the risks associated with it.

2. ORIGIN OF NORM DEPOSITS IN THE OIL AND GAS INDUSTRY

238U, and 232Th are distributed throughout underground rock formations from which oil and
gas are produced. They are part of the matrix of the rock, essentially insoluble in the reservoir
fluids (fresh water, salt water, oil, gas or condensate), and therefore immobile. However the
radium isotopes 226Ra, and 228Ra which are daughters of respectively 238U, and 232Th are
somewhat soluble in water and are therefore mobile. Consequently, radium may be produced
with any water.
The concentration of radium that may be present in produced water will depend upon the
nature of the formation and the physical and chemical conditions. Radium will be mixed (in
very small proportions) with calcium, barium, and some strontium, which are much more
abundant and possess similar chemical properties.
As produced fluids move from the reservoir to production facilities at the surface and then
through various treatment processes culminate at the surface, the physical and chemical
conditions change. This results in significant changes in the ability of the fluids to dissolve
radium. If this ability decreases, then radium will precipitate as part of any scale or sludge,
either as radium sulphate or radium carbonate.
Another major pathway in which contamination of oil and gas installations occurs is through
the diffusion of the radon isotopes 220Rn and 222Rn that are either dissolved in the produced
fluids or mixed with natural gas. Radon can be produced either at the surface or in the
formation. Gas plants can have very high radiation levels, especially where large volumes of
gas are stored or compressed. The most significant radionuclide remaining at the internal
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surface of the installation is 210Pb (and it daughter products) originating from 222Rn, which has
a relatively long half-life. It is mostly present as a thin lead-film.
Finally, also the transport with reservoir fluids of unsupported 210Pb together with non-
radioactive "carrier lead" is observed [1]. With "unsupported" we mean that the 21 Pb
concentration can neither be explained from 226Ra contributions in NORM deposits, nor from
222Rn concentrations in natural gas.

Thus one can distinguish between deposits containing radium, and deposits containing lead.
The activity concentrations in radium deposits in production installations typically range from
1 to 500 Bq/g for 226Ra and from 0 to 300 Bq/g for 228Ra and 210Pb. In well equipment
however, 226Ra concentrations up to a few thousands Bq/g were observed.
The activity concentration in lead deposits can be as high as 3,000 Bq/g for 210Pb.
hi general scales have a higher activity concentration than sludges.

3. OCCUPATIONAL RISK ASSOCIATED WITH NORM IN O&G PLANTS

Since NORM contains radionuclides from the 238U, and 232Th decay series, it emits a-, (3-, and
y radiation, and therefore there is a risk of both external-, and internal radiation exposure.

3.1. External radiation exposure

Significant external dose rates are only observed at the outside of installation parts that are
internally contaminated with radium deposits. The 46 keV gamma rays emitted by Pb-210 are
not penetrating enough to cause any significant dose rate at the outside of an installation that
is internally contaminated with lead deposits.
The dose rate depends on the activity concentration of the radium deposit, its volume, its
geometry and on the shielding capability of the walls, but is typically in the order of several
uSv/h. Only in some extreme cases dose rates of several tens of uSv/h are observed.

3.2. Internal radiation exposure

Once a process plant is opened for maintenance or inspection, workers are faced with what is
than an unsealed radioactive material.
hi table I the Dose Conversion Coefficients of 226Ra, 228Ra, and 210Pb for workers as given in
the table (C.I) of the Eviratom Basic Safety Standards [2] are presented. Please note that these
values do take into account the ingrowth of daughter nuclides in all regions of the body
following an intake of unit activity of the parent nuclide, but do not take into account any
activity of daughter nuclides in the initial intake. The values stated behind 226Ra+, 228Ra+, and
210Pb+ do take into account the activity of daughter nuclides in the initial intake, assuming
secular equilibrium.
In table IT we have calculated the committed effective dose for inhalation of lg of aerosols
with diameters of 1 um, and 5 um respectively or ingestion of lg of material originating from
scales with the maximally observed specific activities in the oil and gas industry.
Table II illustrates that the potential radiation dose due to internal contamination is much
higher than the potential radiation dose due to external exposure.
It should be noted that radium possibly is almost as chemically toxic as plutonium which is
the most toxic element to man, and therefore there is not only a radiation risk.
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Table I. Dose Conversion Coefficients, taken from [2]. The values stated behind
226Ra+,210Pb+, 228Ra+ do assume secular equilibrium between the parent and its
daughters in the initial intake.

Radionuclide

226Ra

226Ra+

210pb

210pb +

228Ra

228Ra+

DCCinh(Sv/Bq)
AMAD1 urn

3.210"6

3.210"6

8.910"7

4.010-6

2.6-10-6

4.5-10"5

DCCirf, (Sv/Bq)
AMAD5 |̂ m

2.2-10"6

2.2-10'6

1.1-10"6

3.4-10"6

1.7-10'6

3.610"5

DCC^ (Sv/Bq)

2.8-10-7

2.810"7

6.810"7

9.2-10-7

6.7-10"7

8.1-10"7

Table II. Committed effective doses resulting from inhalation of aerosols or ingestion of
material originating from scales contaminated with naturally occurring
radionuclides with stated specific activities.

Radionuclide

226Ra+

2io p b +

2 1 0 p b +

228Ra+

Specific activity (Bq/g)

500

300

3,000

300

Committed effective dose (mSv/g)
Inhalation
AMAD 1
(am

1.6

1.2

12

13.5

Inhalation
AMAD 5
urn

1.1

1.0

10.2

10.8

Ingestion

0.1

0.3

2.8

0.2

By order of the Dutch Ministry of Social Affairs and Employment an investigation has been
done on the exposure of workers in the oil and gas industry to NORM [3]. In this study only
materials with a total specific activity above 100 Bq/g were taken into account. Calculations
were performed for several scenarios, under the assumption that no special precautions were
taken with regard to NORM contamination.
For routinely performed maintenance on components at a production location, the yearly dose
was calculated to be 0.03 mSv under normal conditions, and 0.5 mSv under unfavourable
conditions.
For revision jobs on components performed by a specialised company on its own location the
yearly dose was calculated to be 0.3 mSv under normal conditions, and 7.0 mSv under
unfavourable conditions.
It is clear that appropriate safety measures should especially be taken when work is performed
on open NORM contaminated installations.
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4. NORM PROBLEM OF AN OIL COMPANY IN AFRICA

In 1995 RTD Radiation Protection Services performed a NORM survey for a major oil
company in an African country. During this survey NORM contamination was found at
various installation parts, that were either still in operation or were supposed to be disposed of
as scrap metal, and it became clear that the oil company had a NORM problem.

The Radiation Advisory Committee (RAC) of the oil company reacted to this problem by
developing NORM procedures with the aim to implement the policy of the oil company to
protect its personnel, the environment and the public against the hazards of exposure to
ionising radiation due to its activities.
There are no specific regulations on ionising radiation and radioactive material in the African
country were the company operates, let alone regulations on NORM. However, being one of
the operational companies of an international group of companies, the oil company has to
comply with the group regulations as stated by the group management.
Since the oil company is of Dutch origin, these group regulations are partly based on Dutch
regulations and practices. This means for example that material is classified as radioactive
material if its total specific activity is higher than 100 Bq/g, as in the Dutch regulations. In the
field an action level is set at three times background radiation level for materials that are
suspected to be radioactively contaminated, which is the same action level as applied by
Dutch oil companies.

4.1. Radiation Protection Supervisors and Radiation Protection Technicians

The oil company uses Radiation Safety Experts of RTD Radiation Protection Services to act
as Radiation Protection Advisor (RPA). The task of the RPA is to make policy proposals and,
after these have been adopted by the RAC, monitor the implementation of the policy, and to
provide expert advice for all matters concerning ionising radiation.
According to the oil company's manual on ionising radiation a Radiation Protection
Supervisor (RPS) shall perform measurements and supervise work involving ionising
radiation. One of the RPSs is appointed as focal point, and will act as representative on behalf
of the RPA, and directly report to the RAC.

Table III. Tasks, and responsibilities of Radiation Protection Supervisors and Radiation
Protection Technicians.

The RPS shall:

inspect and supervise work involving
ionising radiation

- ensure quality assurance of radiation
protection
organise the required monitoring and
sampling
qualify waste with respect to
radioactivity
ensure that radioactive waste and
NORM-contaminated equipment is
stored, packaged and disposed off in
compliance with regulations and
procedures

The RPT shall:

measure count rates whenever no data
are available on installation parts to be
opened
register and report the results in
compliance with relevant NORM
procedures

- notify the RPS if count rates exceed the
agreed standard, i.e. 3 times background
supervise routine NORM jobs
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A RPS can be supported by several Radiation Protection Technicians (RPT), e.g. maintenance
operators. A RPT only needs to measure the count rate when a specific part of an installation
is opened and report this to the RPS. A RPT will have to follow the instructions given by the
RPS.
In table III the tasks and responsibilities of RPSs and RPTs are summarised.
To fulfil his job a RPS shall be trained in basic radiation safety, and specifically in the
handling of NORM. The RPS shall have knowledge of the company's manuals and
procedures on ionising radiation and NORM. Next to attending a course he should also have
gained some experience by assisting a RPS at non-routine jobs with respect to NORM.
A RPT shall be trained in using available radiation monitors to measure NORM. A RPT shall
have knowledge of the company's NORM procedures concerning the registration and
reporting of measuring results.

5. TRAINING ON NORM

At request of the oil company RTD Radiation Protection Services has developed a NORM
training both for Radiation Protection Technicians (RPTs) and Radiation Protection
Supervisors (RPSs).
It is important that an independent institute provides the training because in that case the
credibility for the employees is larger than when the employer provides the training

5.1. Objective of the training

The main objective of the training is to create a general awareness of the risks of NORM
because it means a threat for the workers, the environment, the local population, and in the
end the world population (think of the transport of contaminated scrap metal).
Giving these training courses reduces directly the first risk, i.e. the sanity of the workers
because these persons are taught in a direct manner how to deal and to handle NORM. It may
be expected that the awareness of these risks will diffuse from the directly addressed group of
lower and medium level technical employers through the entire company into the society. The
workers unions will be very helpful in the process.
In addition to the reduction of risk, more knowledge of the subjects "radioactivity" and
"(ionising) radiation" can be reassuring because they often cause agitation amongst non-
educated workers.

5.2. Main elements of the course

The training consists of a theoretical and a practical part, and is given "in house" at the
production locations. This makes it possible to do practical exercises at the workplaces of the
students. Students can directly ask questions concerning their own risk.
Both the RPTs and the RPSs learn how to perform and interpret radiation measurements. In
addition, the RPSs learn how to inspect, and supervise work involving NORM independently.
They learn about the necessary measures to be taken to protect personnel from getting
internally exposed to ionising radiation, and the ways in which dispersal of radioactive
material into the environment can be prevented.
The population of students is a mixed population with regard to culture, education, and work
experience. Most students have no background in physics, and therefor some of the physical
background of radioactivity, and ionising radiation must be treated.
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The course consists of the following elements:

basic atomic and nuclear physics: atoms, molecules, isotopes, radioactive decay;
- ionising radiation: the distinct properties of alpha-, beta- and gamma radiation;

interaction of ionising radiation with matter, the human body;
dose and dose rate, annual limits;
external, and internal radiation exposure, contamination;

- origin of NORM in the oil and gas production;
- detection of NORM (portable monitors)
- interpretation of measurements;
- the specific hazards of NORM;

protective measures to be taken during work on NORM contaminated installations

6. CONCLUSION

Since NORM is a worldwide problem, and NORM contaminated objects will be transported
all over the world, the awareness of the hazards of NORM is of utmost importance. From our
experience in the Rotterdam harbour, which is one of the world's biggest trading places for
scrap metal, we know that most of the loads of scrap that are intercepted because they show
enhanced radiation levels contain NORM contaminated objects.
Unawareness of NORM therefore also leads to a risk for oil companies to be hold liable for
the consequences resulting from the transfer of contaminated equipment and scrap metal to
other companies and other countries. Such incidents may also result in bad publicity.
Increasing the awareness of NORM through training can prevent these unwanted incidents
from happening. Training on NORM is relatively inexpensive. Most students are very
motivated, because it directly concerns their own daily workplace. Sometimes the students
who have been employed by the oil company for a longer period of time can provide valuable
information regarding work performed in the past on NORM contaminated installation parts.
NORM training is even more valuable because it creates awareness among the local workers,
who in general will have longer contracts than the ex-patriots have, and who are expected to
do most of the communication to the local society.
Considering the trend of internationally operating oil companies to make use of local workers
as much as possible instead of ex-patriots, it becomes even more important to train this group.
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