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RADIOACTIVITY IN THE OIL INDUSTRY -
HOW MUCH IS IT AND IS IT OF ANY CONCERN?

Jan Tuxen Thingvoll
StatoiL Norway

SUMMARY

Oil producing countries around the North Sea generate annually around 200 tons of naturally
occurring radioactive materials (waste). This represents a minor fraction (<1%) of the solid
waste generated by industries processing raw materials containing enhanced levels of
radioactive substances of natural origin (phosphate industry, mining, others). However, the
specific activity (Bq/g) of LSA scale is 5-50 times higher than residues from other non nuclear
industries and about 10-1000 times higher than in most naturally occurring rocks and soils.

The values of specific activity (Bq/g) and total activity (Bq) of the LSA scale exceeds the
exemption levels suggested in the EU directive on ionizing radiation (1994 revision). If the
proposed EU-directive comes into force the consequences for the NNI will be large and
mostly negative in terms of public image and cost. The improvements in radiological
protection for the workers and public in general are anticipated to be minor.

More important and of greater interest are the radiation doses received by workers and the
public from handling and processing LSA scale. Measurements indicate that the radiation
exposure from LSA scale is negligible. Doses received by offshore workers are less than 1 %
of that from natural background radiation in Norway. The dose levels determined are at the
same level as for workers in the phosphate industry and much lower than for workers in
selected mining industries in the Nordic countries.

The radiation doses from LSA scale are of minor concern. However, it is a matter of greater
concern that the basic knowledge about radioactivity in general and health risk associated with
radiation exposures, are quite low among workers and management in the oil industry. It is
also serious that so many offshore workers know nothing about the occurrence of naturally
radioactive materials at their workplace. A few recommendations to address these problems
have been suggested.

INTRODUCTION

The many events and the serious character of nuclear events and accidents during the last
decades have made people, in general, very alert and anxious towards radioactivity and
related terms. Little is known about the wide spread distribution of radioactive materials in the
natural environment. Whenever the presence, or disposal, of low radioactive waste from the
oil industry is brought forward and debated, it seems to trigger the same negative fears and
emotions among people as those associated with nuclear accidents.

Radioactive waste from the oil industry was an issue in connection with the disposal of the
Brent Spar. The waste in question was sludge at the bottom of tankers and mineral scale on
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the surface of tubing contaminated with small amounts of naturally occurring radioactive
materials. In this paper, naturally occurring radioactive material generated by the oil industry
will be compared and contrasted with radioactive waste produced by non-nuclear industries. It
will become evident that the radioactive waste from the oil industry, containing only naturally
occurring radioactive materials, is quite different from the radioactive materials generated by
fission reactions from the nuclear industry.

A project headed by Norwegian Radiological Protection Authority and sponsored by the
industry has carried out a comprehensive investigation into several aspects of radioactive
waste generation, monitoring and management. The results of this project will be an important
basis for the establishment of national guidelines and procedures for monitoring, classification,
handling and disposal of radioactive material from the offshore industry. A preliminary status
of this project is included.

11994, the European Commission issued a proposal for a new EU directive laying down the
basic safety standards for the protection of the health of workers and the general public against
the dangers arising from ionizing radiation. The consequences of the proposed EU-directive
for the oil industry and other non-nuclear industries, will be discussed and emphasized.

RADIOACTIVITY IN THE OIL INDUSTRY

Occurrence

The presence and accumulation of radioactive substances of natural origin in oil-field fluid and
process systems are well known 1-4. The list below is an illustration of the wide spread
distribution of such substances throughout the whole petroleum industry.

• In formation water and produced water (enhanced, but low levels)
• In crude oil, condensate and gas - very low levels.
• In petroleum products: oil, gasoline, LNG/propane - very low levels
• On metal surfaces inside offshore production systems - enhanced levels and high levels.
• Mineral scale on surface of production tubing, valves, etc. - enhanced and high levels.
• In sediments, sand and sludge from separators - enhanced, moderate/high levels.
• As thin coatings on equipment like pumps, valves, oil manifold, objects/parts contacted

by produced water or petroleum fluids -enhanced, sometimes very high levels.
• On surfaces inside pipelines for gas ('invisible' film of 210Po, 210Pb) -low/moderate levels.
• Inside process-systems of oil refineries and LNG/LPG plants -low/moderate levels.

The picture is not complete, if no mentions are made of the wide spread distribution of
radioactive substances in other industries, in food and consumer products and everywhere in
our natural environment. The same naturally occurring materials detected in the petroleum
industry are found in the earth's crust, in the ocean, ground water, in building materials, in the
air we breath (highest inside houses and in caves) in food and of course within our body.
Humans have always lived with these radioactive substances and adapted to an environment
with constant exposure to radioactive rays.

This paper will show that handling naturally occurring radioactive materials at work does not
represent a significant health or safety risk. Knowledge of their presence and identification of
sites where radionuclides are accumulated simple measures can be taken to make exposure to
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this kind of radiation insignificant. The level of total radioactivity varies from background
level (0.4 Bq/g) to more than a thousand Bq/g. The most representative levels are 200-300
Bq/g which are equivalent to 20-30 Bq/g radium-226. It will be stressed later that while
regulatory limits are given in Bq, LS A workers should be more concerned about the received
dose (mSv), which is a measure of biological damage.

Origin

The origin of radioactive substances in the process systems and fluid phases on platforms are
the presence of uranium and thorium elements in the sedimentary rock of the reservoir.
Before oil production starts, this is a closed system where parents of the uranium and thorium
series i.e. BIU, 23iU and 232Th have achieved secular equilibrium with all of their daughters.
This means that the activity of each member of a series are the same, governed by the activity
of the parent nuclide. The equilibrium is established after about 2.5* 106 years.

The activity of naturally occurring radioactive substances in the earth's crust is low. For
example, the specific activity coming from radionuclides of the two uranium series of
geological material containing 2 g uranium per ton (2 ppm) is 0.36 Bq/g. In addition there are
the activities from the thorium-series, from potassium-40 and other naturally occurring
radioactive isotopes. The radioactive daughters of the BtU series are:

> m R n =>21fPo =>214Pb =>214Bi =>214Po =>210Pb
210Pb =>210Bi =>210po => (^Pb)

The final nuclide 206Pb is stable (not radioactive)

The "'U series consists of 14 different radionuclides with different radioactive properties
(half-life, radiation type, radiation energy, etc.). If the activity of ^ U , or any other nuclide, is
measured separately multiplying by 14 will give the total activity of that series. The a*U
decay-series generates 8 different elements with distinct chemical properties. At the surface
between rock and formation fluid, separation of parent and daughter isotopes takes place due
to differences in chemical properties of the daughters. Radium, an alkaline earth element with
chemical properties similar to calcium, has high and uranium low solubility in formation water.
Hence, radium leaches into the aqueous phase while uranium remains in the rock. Other
processes, such as alpha-particle recoil and diffusion may also be responsible for transferring
radioactive substance from the rock to the formation fluids.

Radon, another radioactive daughter, is found both in the oil and gas because it is a gaseous
element with similar physical properties as propane. There is also 'plenty' of radon in the
aqueous phase. Radon-222 is a decay product of radium-226 with short half life (3.8 days). A
radiochemical equilibrium exists between these nuclides in the reservoir formation water.
Equilibrium means that their radioactivity is equal i.e. \a^m.226) ='

Due to the differences in chemical, physical and radioactive properties of the elements of the
radioactive series it is not unexpected to find radionuclides in both oil, gas and produced
water. Activity levels are quite low and their presence in the fluid phases has not been
regarded as a health risk or an environmental problem.
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For more than a decade the oil industry in the North Sea has experienced that radioactive
substances of natural origin tend to accumulate in certain places/locations inside the platform
process systems. This happens due to mixing of incompatible injection water and formation
water and the physical and chemical changes that takes place during the transport of fluid from
the reservoir through the treatment facilities on the platforms. Tubing, equipment, and objects
that come into contact with these fluids will eventually be contaminated with radionuclides.
The specific activity level (Bq/g) is enhanced relative to the levels in the reservoir rock, but it
is still low. The radiation is mainly alpha and beta particles with low penetration power.

As long as the LSA scale remains on the inside of the process system the radiological risk is
insignificant (see below). The health risks associated with LSA scale and contaminated items
may be manifest during offshore inspection, maintenance and removal operations. Surveys
have shown that the workers involved in the onshore cleaning and service of contaminated
tubing and instruments are more exposed to radiation than offshore workers. The generation
of low radioactive waste has also some environmental aspects that have not been fully
addressed by the national authorities. Until now, there have been no regulations for the
handling and permanent disposal of low radioactive waste of natural origin.

Radiation units

There is a good deal of confusion and frustration among workers and management due to the
many different units they encounter in the field of radioactivity. In Europe the units are based
on Becquerel (Bq) and Sievert (Sv). In US and some other countries the corresponding units
are Curie (Ci) and Roentgen Equivalent Man (rem). In the literature, other units may appear:
Gray, Rad, Roentgen, Cps (counts per second), Cpm (counts per minute), dps (disintegrations
per second = Bq) and dpm. Bq, Sv and supplementary units used in this paper are:

Units of activity
Bq = no of nuclear transformation per unit time

= disintegrations per second (dps) = total quantity of activity
GBq = Giga Bq =1,000,000,000 Bq
Bq/g = activity per unit mass (solids) = specific activity
Bq/1 = activity per unit volume (liquid)
Bq/m3 = activity per unit volume (gases)

Units of exposure (absorbed dose)
mSv = measure for radiation exposure = radiation dose equivalent

= measure for biological damage
mSv/year = annual dose equivalent
uSv/hour = hourly dose equivalent

It should be stressed that the two sets of units, activity (Bq) and exposure (Sv), are principally
quite different. For example, a specific activity value of 10 Bq/g means that a total number of
10 particles (alpha, beta) and. photons (gamma) are emitted from 1 gram of the sample per
second. The activity value (10 Bq/g) does not tell what kind of particles or photons there are,
nor their energy. Activity measurements are counting exercises. The aim is to find the total
number of 'pumpkins', 'grapes' and "beans'. The absorbed dose, on the other hand, is a
measure of the ionizing energy imparted by the radiation.
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It is not possible from the specific activity (Bq/g) value alone to calculate the absorbed dose or
the equivalent radiation exposure i.e. mSv/year or uSv/hour. The reverse process, conversion
of radiation dose (uSv/hour) into an equivalent Bq-value, cannot be done.

Practical problems: When is a substance radioactive?

The exemption limits (Bq/g, Bq) of the proposed EU directive are nuclide specific. This means
that there is one exemption limit for radium-226, another for polonium-210 and yet another
for radon-222. To determine the activity or disintegration rate of the different kind of
radionuclides in a sample, one needs a sophisticated energy dispersive laboratory instrument
with a defined counting geometry and known counting efficiency. Such instruments are rarely
available offshore to-day. Consequently, to establish on site if samples are below the proposed
exemption values for radioactivity is technically difficult, time consuming and expensive.

It should be added that new developments in the field of computers and electronics have
produced a new generation of instruments with greater capabilities of detecting and identifying
nuclear species. To-day portable instruments with crystal detectors having good energy
resolution are available on the market. Until now, older types of instruments predominate in
the offshore industry.

Quite often dosimeters are used for radioactivity detection and measurement and the results
are recorded as uSv/hour. Is is possible, based on the prevailing dose limit of 7.5 uSv/hour
for 'classified' workers to state that a substance is radioactive or not? The answer is No!.

It is not possible to conclude that a sample is not radioactive based on dose measurements
(uSv/hour). A sample giving off radiation at a dose rate which is lower than the exposure
limit recommended by ICRP, may still be radioactive in terms of the proposed EU directive if
the exemption level for specific activity is exceeded. The practical implications of the
proposed regulations are that it is not always possible, offshore, to classify contaminated
objects or waste as general waste or radioactive waste. More flexible and pragmatic
regulations are needed.

ONGOING LEGISLATIVE WORK AND SURVEYS

Norwegian project on LSA

A project headed by Norwegian Radiological Protection Authority (NRPA) and sponsored by
the industry (Statoil), is carrying out a comprehensive investigation into several aspects of
LSA scale in the Norwegian oil industry. The project was initiated in fall 1994 and the final
report is due in August 1996. Table 1 summarizes some preliminary results from specific
activity measurements in scale and sludge samples. During this project NRPA has carried out
surveys on several installations to identify where in the process system LSA scale is
accumulating. Another important task has been to identify practices and working conditions
where workers are likely to experience exposure to radiation. Several monitoring methods
for the classification of radioactive waste have been tested. Exposures to workers due to
handling and cleaning of contaminated objects and materials onshore has also been addressed
by NRPA.
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Table 1 :!
Platform

A

A

A

A

A

A

A

A

A

B

B

B

C

C

C

D

E

F

F

G

G

H

H

G

Specific activity in scale, sane
Location

Separators

Separators

Separators

Separators

Filter cartridge in separator

Degassing tank

Degassing tank

Degassing tank

Degassing tank

Separators

Oil manifold

Equipment, parts

Separators

Oil manifold

Equipment, parts

Separators

Separator

Separator

Equipment/parts

Separator

Cooler

Separator

Prod, tubing

"Pallrings"

1 and sludge on Norwegian installations
Sample description

Scale/sand

Soft (porous) scale

Sand

Sludge/sand

Scale

Scale/sand

Soft (porous) scale

Sand

Sludge/sand

Scale/sand

Soft scale/sand

Sand/sludge

Scale/sand

Soft scale/sand

Sand/sludge

Sand/scale

Scale/sand

Scale/sand

Soft scale

Soft scale

Scale

Scale

Scale

Scale

Specific activity (Bq/g)
m R a "4Ra

27

19-24

0.3

0.1-4.6

13.3

28-39

8

5-11

-

9-22

3

1-4

0.3-0.5

1.3

0.1-1

0.2-0.5

4.4

8

4

4.5

32

13

21

14.4

24

-

0.1

0.1-1.2

-

30-48

4

6

-

24

-

-

0.1

0.3

-

-

-

-

1.5

1

18

-

20

-

Table 1 shows that most of the highest activities of 226Ra are found on platform A. Because
this an old platform which has been producing water for many years this was expected. The
highest activities are also associated with separators Le.. bottom sediments/scale from A, B
and H, filter cartridge from A, and pallrings from G. Two other locations with activity level
higher than the proposed exempt level of 10 Bq/g ^Ra were detected; the cooler from G (32
Bq/g) and degassing tank from A (9-11 Bq/g). Table 1 also shows equal levels of ^ R a and
226Ra, meaning that thoron and its daughter are contributing significantly to the total activity.

The sediments inside the separators are normally removed with high pressure water jettmg and
discharged over board. Only three kind of objects were detected with an activity above the
exemption level. These were filter cartridges from a separator, a cooler and pallrings inside a
separator. During routine shutdown these object are sometimes brought onshore for
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maintenance or cleaning. According to the proposed safety standards, this kind of work shall
be done by radiation qualified workers.

During routine shutdown on platforms A and B, the workers taking the samples, entering the
separators, and doing maintenance jobs were carrying a personal dosimeter to record the total
exposure during the 2 week period. Reference dosimeters were placed in the living quarters.
The result of the investigation was encouraging. No significant exposures above the reference
background were detected. The low exposure levels were as expected.

The activity levels are very low; from just above to 3 times the proposed exemption level. The
major part of the radiation from scale/sediments/sludge are alpha and beta with low
penetration power. Most of this radiation is stopped by air, by the scale itself or by the
workers clothes and skin. During the maintenance the workers also keep away from the
scale/deposits and the time the workers spent close to the radioactive substances, is usually
very short.

In another report3, offshore workers pulling and replacing production tubing offshore were
monitored for exposure. It was assumed that the tubing contained radioactive scale and
deposit and this was later verified. In the same study, workers at the cleaning facihties onshore
were monitored for exposure to radiation when cleaning tubing's with LS A scale. The results
of this investigation are summarized in table 2 below.

Table 2 indicates that radiation exposure to offshore workers is very small. The additional
annual dose received is about 1 % of the dose received by the general public in Norway, which
is 5 mSv/year.

Individual workers at onshore faculties receive a higher dose than offshore workers; about 10
times higher. The absorbed dose is still low and about 15% of the annual dose from
background radiation. The dose received by workers at onshore cleaning facilities in Norway,
UK and USA are comparable and much lower than the recommended dose limit set by ICRP
(50 mSv/year). New proposed limit is 20 mSv/year.

Table 2: Estimated and measured radiation doses to persons working with LSA scale5

Type of operation/ facility

- Offshore pulling of tubulars
- Onshore cleaning facility
- Transportation to LSA disposal

- Onshore cleaning facility

- Onshore cleaning facility

International Commission on
Radiological Protection (ICRP)

Country

Norway

UK

USA

Exposure
(mSv/year)

0.054(I)

0.76(2)

0.048 (3)

0.27

0.32

50
(20 proposed)

Internal/external exposure

Total dose
Total dose
Total dose

Measured external doses

Measured external dose

Recommended limit

(1) - Ten times actual doses received by workers pulling one production tubing contaminated with LSA scale
(2) - Estimated value based on exposure to LSA in 1800 working hours per year.
(3)- Total exposure per transport (Bergen-Kjeller/Oslo)
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PROPOSED EU DIRECTIVE ON IONIZING RADIATION

In 1992 EU issued its first draft proposal for a new directive for ionizing radiation. It was
updated in 1993 and 1994 and is still a matter of discussions between contracting parties.
Several amendments have occurred, but the basic principles and contents are retained. Date of
finalization is not yet decided. It could be late 1996, but a scenario with 3-6 years delay is
possible. The comments of this paper is based on the amended proposal of 1994. The full
Directive name is:
Proposal for a Council Directive (Euratom) laying down the basic standards for the
protection of the health of workers and the general public against the dangers arising from
ionizing radiation.

The main concern of the EU Commission was the future waste arising from the nuclear
industry. However, it soon became evident that the proposal, if/ when finalized and
implemented, would have dramatic consequences for the non nuclear industries.

The most important changes are:
• Introduction of exemption levels for individual radionuclides (i.e.2U>Po -1 Bq/g, 226Ra -10

Bq/g), table 3
• More restrictive exemption levels, both with respect to specific activity (Bq/g) and total

quantity of radioactivity (Bq).
• Introduction of a system for authorization, reporting and handling/disposal of

radionuclides including those of natural origin.
• Lower dose limits for both classified workers and the public
• Requirement that surveys and risk assessment to be carried out at the work place

A more detailed comparison of the prevailing and proposed exemption levels and safety
standards, with reference to the articles in the EU directive, are summarized in the table 4.

IMPLICATIONS OF THE PROPOSED EU DIRECTIVE.

Exemption levels.

In the first draft the maximum concentration of activity per unit mass (exemption level) for
radhim-226 was 1 Bq/g (now 10 Bq/g, table 3). According to this limit a broad range of
industries processing ores and material of natural origin would come under regulatory control.

An example from the phosphate industry illustrates the dilemma6"7: Untreated phosphate ores
contain 14 different radionuclides from the uranium-238 series. In addition there are
radionuclides from thoron-232 and uranium-235 series. In the ores, uranium-238 is in
radioactive equilibrium with its daughters, of which 226Ra, 222Rn, 210Po and 210Pb are the most
important species. The concentration of radio elements vary with source (sedimentary
deposits, volcanic deposits) but for radhim-226 a specific activity of 1.5 Bq/g is considered to
be representative. After processing, the bulk of radium ends up in the residue (mostly gypsum)
with a specific activity of 1.2 Bq/g for ^Ra. Additional radiation is emitted from daughter
nuclides like mRn, 21(<Po, 210Bi, 210Pb and others. These nuclides together with 226Ra are also of
main concern for the oil industry.
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Table 3: Proposed EU directive on ionizing radiation. Values of quantities (Bq) and of
specific activities (Bq/g) not to be exceeded (exemption limits).

Nuclide

Ra-224+

Ra-226+

Ra-228+

Ac-228

Rn-222+

Pb-210+

Pb-212+

Po-210

Th-228+

Half life

3.6 days

1620 years

6.7 years

6.1 hours

3.8 days

20 years

11 hours

138 days

1.9 years

Quantity
Bq

100.000

10.000

100.000

1.000.000

100.000.000

10.000

100.000

10.000

10.000

Cone.
Bq/g

10

10

10
10

10

10

10

10

1

Comment

LSA scale, thorium-232 series

LSA scale, uranium-238 series

LSA scale, thorium-232 series

LSA scale, thorium-232 series

LSA scale, uranium-238 series

LSA scale, uranium-238 series

LSA scale, thorium-232 series

LSA scale, uranium-238 series

LSA-scale, thorium-232 series

Parent nuclides of the uranium-238 and thoron-232 series (below)

Th-232sec

U-238sec

1.4*10' years

4.5* 109 years

1.000

1.000

1

1

Parent nuclide, thorium-232 series

Parent nuclide, uranium-238 series

Synthetic radionuclides used in the oil industry (below)

H-3

C-14

S-35

Cl-36

Sc-46

Ir-190

12.3 years

5700 years

87 days

3*105 years

84 days

12.3 days

1.000.000.000

10.000.000

100.000.000

1.000.000

1.000.000

1.000.000

1.000.000

10.000

100.000

10.000

10

10

Tracer in mud, injection water

Tracer in injection water

Tracer in injection water

Tracer in injection water

Tracer in gravel packing

Tracer in gravel packing

Synthetic radionuclides from the nuclear industry

Sr-90

1-125

Cs-137

Pu-239

Am-241

28 years

60 days

30 years

2.4*104 years

460 years

10.000

1.000.000

10.000

10.000

10.000

100

1.000

10

1

1

Fission products, nuclear waste

Fission products, nuclear waste

Fission products, nuclear waste

Nuclear waste, nuclear fallout

Nuclear waste, nuclear fallout

The final product (P2OS) is used to manufacture other products such as fertilizers, detergents,
etc. The phosphogypsum residues are sometimes used as construction materials (road
building, building materials), but most of it is discharged to rivers and seas, or stored in land
fill. In 1993, EU countries imported about 8 million of tons phosphate ores, down from 17.5
mill, in 1982. The waste generated was around 10 million tons of which 5.4 million tons were
discharged to rivers and sea and 4 million tons were stored on land. According to the 1992
directive the phosphate industry would be declared as nuclear enterprise and come under
regulatory control. The safety requirements for workers set by the directive is possible to
meet. However, the annual disposal of 10 million tons of naturally occurring radioactive
materials would probably pose an enormous problem
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Table 4: Proposed EU directive. A compilation of prevailing and proposed limits and
requirements (1994 proposal).
Art
no

2(c)

3.2

Table
A

9

14

20

22&26

43

Text

Scope

Reporting of practices

Exemption levels for specific
activity

Limit for classified workers

Limit for members of the public

Measures for the restriction of
exposure: Arrangements at
workplace

Discretionary measures for
controlled and supervised areas

Exposure to natural radiation
sources at work

Prevailing limits
and requirements

Natural radiation sources
exempted

Not compulsory

Total activity limits (Bq/g)
-100 Bq/g (Netherlands)

ALARA (Norway)

50 mSv/year

5 mSv/year

Country dependent

Country dependent

No requirement

Proposed limits
and requirements

Include exposure to natural
radiation sources at work

Required if total quantities and
specific activity exceed table 4 limits

Limits for individual nuclides (Bq/g):
Ra-226, 10,000 Bq, 10 Bq/g
Th-228, 10,000 Bq, 1 Bq/g
Po-210, 10,000 Bq, 10 Bq/g

20 mSv/year

1 mSv/year

Distinction between controlled and
supervised areas. Checks to be made to
ensure that workers are not exposed to
levels greater than 1 mSv/year.

-Signs indicating type of area, nature of
sources, inherent hazard
-Operator to conduct radiological
environmental surveillance

Surveys and risk assessment to
be carried out at national levels

Due to the presence of radionuclides in phosphate rocks, the current trend in EU countries
during the last 10 years has been to import P2O3 rather to process phosphate ores. The
proposed EU directive, if finalized, will speed up this tendency, exporting the problems to the
rest of the world (usually undeveloped countries).

The limit for ^ R a has been raised to 10 Bq/g in the amended proposal of 1994, but the
problems with waste disposal still remains. The total activity not to be exceeded is 10,000 Bq
(0.00001 GBq). This limit is a factor 10 higher than the 1992 proposal, but still quite low.
With a representative radium-226 content of 1.2 Bq/g in the phosphogysum waste, only 8.3
kg solid waste can be handled separately without regulatory control. A plant processing 300
thousand tons of ore per year generates residues containing 400 GBq of 22*Ra7. This amount is
40 million times larger than the proposed limits. The limit is also exceeded by the same
magnitude for the other nuclides in the uranium and thorium series i.e 23IU, 210Po, 2I0Pb, 232Th.

Compliance with the limits proposed by the EU directive will also become a major problem for
other non nuclear industries such as mining, thermal power stations (burning coal, oil and
natural gas) the oil industry and miscellaneous industries".

The situation for the oil industry is not so dramatic as for the phosphate industry with respect
to the total radioactive waste. The amount of waste is manageable. For example: Among the
offshore industries in the North Sea, UK and Norway are the largest producers of low
radioactive waste i.e. Low Specific Activity scale (LSA scale) with an annual waste generation
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of around 200 tons (UK, 150-200 tons, Norway, 10-20 tons)'9. The total amount is expected
to increase over the next years as the fields get older and produce more water.

In general, the low radioactive oil field waste exceeds the exemption levels of the proposed
directive both for the specific activity (Bq/g) and the total amounts (Bq). Using the exemption
levels for specific activity, only 1 kg LSA scale is needed to exceed the regulatory limits with
respect to quantity. The average concentration measured in LSA scale from the offshore
industry in Norway is around 25 Bq/g 226Ra.

Other regulatory requirement.

The scope of proposed EU directive is far reaching. According to the text it shall apply to any
practice or intervention which involves a hazard from ionizing radiation, notably;
(a) the production, processing, handling, use, holding, storage, transport, marketing,
exportation and disposal of radioactive substances.'

Title VII deals with exposure to natural radiation at work. Article 44 states that each member
state shall require surveys to be carried out to identify in which areas and for which practices
and working conditions workers are likely to experience significant exposures due to
operations with materials containing significant amounts of natural radionuclides. For such
operations, article 44 require among other the establishment of regulations, standards or
codes of practice for construction of new workplaces'. Naturally occurring radioactive
materials are today exempt from regulatory control or restriction with respect to professional
exposure and environmental disposal.

The activity levels and the amounts generated of LSA scale exceeds the proposed exemption
levels. Thus the many practices involving handling, storage, transport and disposal of low
radioactive waste have to meet the many requirements and principles in the Directive.
Title VI: Tundamental principles governing operational protection of exposed workers' Article
20 states that in exposed areas 'a distinction shall be made by controlled and supervised areas'
and article 21 & 22 deals with the requirements for such areas. A categorization of exposed
workers into 'category A and category B workers is laid down in article 23.

According to my knowledge, most offshore workers (but a few) have little, or no, training in
dealing with radioactive substances and very little/no information about the risks involved and
the precautions to be taken during an operation involving LSA. Offshore workers should
therefore be considered as "non classified workers'. Thus, the dose limitation for them should
be the same as for members of the public i.e.. 5(1) mSv/year. This dose translates into an
hourly dose rate of less than 1 uSv/hour assuming 2000 working hour per year. The proposed
regulations also call for an individual monitoring of exposed workers. The prevailing annual
limitation for unauthorized work involving radioactive substances is 50 mSv, which is
equivalent to 7.5 flSv/hour. Note! When deriving hourly dose rates, a safety margin of 70% is subtracted
before dividing with the number of working hours per year.

If the proposed safety standards are implemented, it implies that offshore installations must
initiate surveys and identify areas which shall be defined as control and supervised area
according to the radiation risks. In addition persons working in these areas must be educated
and trained accordingly. If not, the same dose limitations as for the public applies.
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The proposed directive includes also requirements on reporting, monitoring, recording and
authorization. Those aspects will not be discussed further in this paper.

Ultimately, it should be pointed out that the latest signals from Brussels indicate a more
relaxed attitude with respect to materials containing radioactive substances of natural origin.
'States would be given discretion to decide whether or not specific activities involving such
materials should be subject to reporting and specific additional control'. Furthermore,' if they
decided that this was not necessary, the thresholds (exemption limits) for classification of
waste would not apply. And, 'as long as workers are not exposed significantly, national
authorities can exempt environmental disposals'. Time will show.

It has been established that inside process-systems of installations on mature oil-fields there is
LS A scale above the proposed exemption limits for radium-226. Therefore removal and
handling of this kind of scale and contaminated objects and equipment should be handled by
classified workers.

CONCERN OF RADIATION EXPOSURE - HEALTH RISKS

Radioactive rays

It is essential to distinguish between external and internal exposure when considering the
dangers or health risk associated with exposure to radioactive materials. This is because
radioactive substances emit three kind of radiation - alpha, beta and gamma - with quite
different properties.
Alpha and beta are particles, helium nuclei and electrons respectively. The particles are ejected
from the radioactive atoms at high speed, but loose excess kinetic energy by collision with
matter (steel, air, cloths, skin, tissue). The particle rays, especially alpha, has high ionization
potential, but low penetrating ability in both gas, liquid and solid matter. Gamma rays are
photons (electromagnetic radiation) which have low ionizing ability. On the other hand,
photons from radioactive materials have much higher energy and greater penetrating power
than photons associated with UV, IR and visible light.

External radiation

Imagine yourself at the atomic level, watching the radioactive rays emitting from LSA scale.
What you'll see is a mixture of different sized particles and Tight' (rays) which are emitted in all
directions at different velocities. The particles dominate. A small percentage of the total rays
come in your direction. Only a few of the photons (Tight1) enter your body. The bulky alpha
particles, 7400 greater than the electrons, do not travel far. You notice that most alphas are
stopped by the sample itself; the others collide with molecules in the air and halt after a few
centimeters (inch). The electrons are stopped by the same mechanism but some of them travel
a longer distance before they collide with matter and come to a complete stop.

When you settle your account, you see that very, very few, if any of the particles (electrons)
hit the target', yourself. As far as you could observe, only a minute portion of gamma rays
reached the tissues of your body. The biological effect of received radiation is difficult to
assess. The dose value can not be found by just counting number of particles and photons.
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Specially designed instruments are required to measure radiation doses. The extent of
biological damage, the dose, is dependent on the distance to the emitting material, the
exposure time and any precautions taken (shielding). In this context, h should be stressed that
the term 'biological damage' does not mean' irreparable biological damage'.

From this 'experiment' one realizes that external particle radiation from LSA scale are of
negligible importance with respect to health hazard. The gamma rays are of greater concern
because they are able to penetrate substances nice air, clothes, skin and eventually ionize
internal tissues in your body. A person who encounters and handles low radioactive waste
from the oil industry, should not be so much concerned with the specific activity (Bq/g) i.e. the
no. of particles and photons emitted per second from a unit mass of the material. The main
concern should rather be total energy received by the body during the exposure (mSv), and the
kind of organs/soft tissue exposed. This quantity can be determined by using a personal
dosimeter during the operations. The basic precautions to be taken to reduce exposure to
workers are described below.

Internal radiation

Radioactive substances (i.e.. LSA scale) may enter the body through inhalation (dust) or the
digestive apparatus. A third pathway exists where radioactive scale get into the blood stream
from open wounds. Once inside the body, the biological damage caused by the different
radiation types is reversed compared to external radiation, alpha emitters being the worst.
Alpha particles transfer all their kinetic energy to the tissues and ionize a lot of molecules.
Internal gamma rays (photons) are least to worry about because they may pass through and
out of the body with little damage being done to the tissues. One study estimated the risk
associated with a lifetime intake of drinking water containing 0.037 BqA of radium-226 to be
10 excess fatalities (leukemia) per 1 million members of the population10. See also ref. 11.

The various body parts and organs have different sensitivity towards radiation. The dose limits
are for instance higher for the extremities (hands, forearms, feet) than the reproductive organs
and the bone marrow. Radium, a so-called 'bone-seeker' with similar chemical properties
similar to calcium tends to accumulate in bones. Therefore, alpha emitters like radium, which
is relative abundant in LSA scale, represent a special health hazard if entering into the body.

Health risks

The most problematic property of radiation from health physics perspective, is its capacity to
ionize molecules within the body. The number of ionizations which occur are dependent of the
amount of energy absorbed by the body. The following simplifications may be used:

Energy absorbed (dose, mSv) = no. of ionizations = biological effect (damage)

It is important to realize that alpha particles have many times greater capacity to ionize
molecules than beta particles. Gamma rays (photons) have least ionizing power.

biological damage of internal radiation: alpha » beta » gamma
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Alpha emitting nuclides inside the body is of greatest concern because any biological effect
due to exposure to natural occurring radioactive materials is a question of internal radiation
from alpha emitting atoms. The ionized molecules along the path of an alpha particle, and
subsequent molecular events (reactions) are sometimes described as 'a bull in a china shop'

Man is quite capable of handling these kinds of events, because every moment during our life
time, the body is constantly exposed to natural radiation, both external and internal. In
Norway the annual dose to the public is about 5 mSv. The internal dose constitutes 0.4 mSv

RADIOACTIVITY IN A WIDER PERSPECTIVE

In this chapter, the radioactivity in the oil industry will be placed in context to both natural
radioactivity and radioactivity from other non nuclear industries. The term *non nuclear
industry* refers to undertakings which processes and produces materials which contain
radioactive substances of natural origin. Examples are the phosphate industry, zircon sand
industry, thermal power stations burning coal, oil and gas, mining industries, iron ore,
bauxite/aluminum, pigment and coal industries. The radioactivity originating from the starting
materials ends up in products, byproducts, solid residues or flue gasses

The radioactive 'signature' of the phosphate industries are well documented. This industry has
'battled' with the problems of radioactive contamination of process systems and solid residues
for many years. The same may be said about manufacturers of tiles and other consumer
products made from zircon sand. From the other industries, the available data on radioactivity
levels, exposure and quantities released from the non nuclear industries are somewhat
dispersed and limited, especially with respect to exposure (dose levels).

Specific activity and waste quantity

Table 5 gives some representative values for the activity of uranium-238 and radium-226 in
some materials and goods from different industries12. Large variations in activity levels are
found. Table 5 does not include all of the natural radionuclides present in the materials.
Radionuclides from the thoron series are also abundant. Table 5 indicates that LSA scale from
the oil industry have higher specific activity than materials, goods and residues from the other
industries. The tailings from one particular mine in Norway shows high activity levels. Not
included in the table are data from the nuclear industry i.e. nuclear reactor waste, and tailing/
residues from uranium and thorium mining.

The waste-picture is reversed, when the total quantity of low radioactive arisings from
different industries are considered. The annual production of LSA from the UK and
Norwegian oil industry amounts to around 200 tons. By comparison, the annual production of
residues from the phosphate industry in the Netherlands alone is 2,000,000 tons7. The annual
quantity of waste generated by other industries included in the table are also quite large, about
100.000 tons or more.
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Table 5: Specific activity levels for selected radionuclides in raw materials and solid
residuals (waste) in some non nuclear industries (NNI)7'912

Industry/ material

Oil industry
• LSA scale
• Produced water
• Oil
• Natural gas

Phosphate industry:
• phosphate rocks
• discharges (NL)
• fertilizers
• by-products (gypsum)
• silicate slag (concrete)

Mineral sand industry

Thermal power plant
• coal
• fly ash, slag

Mining industry (**)
• Red rocks
• Soevite
• tailings (waste)

Specific activity, Bq/g
B lu
nd
nd
nd
nd

1.5
0.2
4
-
-

1-5

0.02
0.2

-
-
-

2 2 6Ra

25
0.004

nd
(*)

1.5
1
1

0.9
1.3-2.2

-

0.24

0.044-0.55
0.01-0.29

46

Problems

Waste
Occupational exposure
Environmental discharges (prod, water)

(*) = 20-50 Bq/m3

Raw material, products, residues, waste
Occupational exposure
Environmental releases

Raw materials, products, waste
Occupational exposure

Raw materials, waste
Environmental releases

(**) = Fen, Norway
Raw materials, wastes
Occupational exposure
Environmental releases

nd = not detected, - , no data given

Radiation exposure
Radiation is everywhere. Natural radiation cannot be avoided. We are all exposed to radiation
all the time. The greatest exposure arises from radon in the ground. In addition, there are
contribution from other radioactive substances in the ground and buildings, internal radiation
from food and drinks, cosmic rays and medical/industrial.The average annual individual dose
received in Norway is about 5 mSv/year, but is very variable. The contribution from different
sources is displayed in figure 1. The natural internal dose is 0.4 mSv which is quite significant.

Average Radiation Dose (mSv/year), Norwa;
Natural and Man-made Sources

0.1 I

3.0 Radon

0.6 Medical/industrial

Fallout

0.33 Cosmic rays

0.55 Natural external

0.35 Natural internal
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The individual doses are also quite variable throughout Europe; the Netherlands being the
lowest (2 mSv/yer) and Finland the highest (8 mSv/year)13. The average level of radon in
homes in Norway is about 60 Bq/m3 and in UK about 20 Bq/m3. The action level
recommended by World Health Organization (WHO) is 200 Bq/m3. The radon levels in homes
(grounds) vary considerably and it is not uncommon to find homes in the range 400-800
Bq/m3. In Norway, the highest level measured is 50,000 Bq/m3 14. The dose received by
individuals with increasing radon levels is shown in table 6. The most striking feature is the
dramatic increase in dose with increasing radon level. At 400 Bq/m3 the dose exceeds the dose
limits for classified workers.

Table 6: Indoor concentrations of radon and its contribution to the average radiation
dose from all sources both natural and man-made13.

Radon cone.
Bq/m3

20

30

40

60

100

180

400 ( 1 )

Typical
country

Netherlands, UK

Denmark

Ireland, Italy

Norway

Sweden

Finland (8 mSv/y)

(Individual homes)

Radon's
contribution

38%

48%

55%

65%

76%

85%
92%

Total average dose
mSv/year

2.6

3.1

3.6
4.6

6.6

10.6

21.6

(1): Radon levels above 10,000 Bq/m3 has been measured in individual homes in some areas in the Nordic
countries. The recommended action level set by United Nation's WHO is 200 Bq/m3.

Occupational exposure

For some working categories the external exposure to personnel is systematically controlled
by film- or TLD badges carried by the workers. However, it is difficult to make direct
measurements of the internal exposure and the available data on this is therefore very limited.
Some measurements and calculations of both internal and external exposure for LSA scale
workers onshore and offshore has been carried out5. These calculations and measurements
give an annual dose of 0.053 mSv and 0.76 mSv for offshore and onshore workers,
respectively. The basis for this results is some previously published data on both dust release
from different onshore cleaning operations and external annual exposure to onshore workers.
The doses to offshore workers are based on the results of a survey on one particular operation
where a contaminated production string was pulled. It was assumed that the workers are
involved with 10 such operations during a year and the measured and estimated exposure
from this operation were then multiplied with a factor of 10 to give the annual doses. These
results are uncertain, and are only to be considered as rough estimates.

Tables 7 and 8 give some values of average exposure to different groups of workers16"11710'12.
The dose received by Norwegian workers handling LSA scale tubing offshore is very low,
about 1% of the exposure from natural background (5 mSv/year). The dose is comparable
with workers from the other non nuclear industries, except the mining industry in the Nordic
countries, which are considerably higher. Workers at onshore cleaning facilities receive a dose
which is 10 times higher (0,76 mSv (year). This value is comparable with dose received by UK
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LSA scale workers and industrial radiography. Still it is about 10% of natural background and
the dose received by workers in mining industries in the Nordic countries.

There are two more important differences between offshore LSA workers and workers from
the other non nuclear industries with respect to exposures.
• Both offshore and onshore, very few persons work close to the LSA scale or contaminated

objects.
• Intake of radioactive particles (dust, debris) is very unlikely because the LSA scale is

contained inside tubulars and equipment.
• The low radioactive material exists as stable non reactive mineral sulfate with very low

solubility in water

As a curiosity, I would like to mention that the International Commission of Radiological
Protection, ICRP) has given recommendations for the Annual Limits Intake (ALI) for several
radionuclides. For radium-226 the ALI-vahie is 9000 Bq, which correspond to the intake of
360 g LSA scale with an average concentration of 26 Bq/g^Ra.

Table 7: External doses to LSA workers compared with classified workers in Norway545

Working category

* Offshore, contaminated LSA tubing, Norway
Onshore cleaning facility, Norway
Offshore LSA scale, UK

X-ray operators

Other X-ray personnel

Open radioactive sources

Academic institutions (schools)

Industrial radiography

Logging

Service personnel

Total no. of
persons

468

2.015

523
193

879
321

80

Average annual
dose [mSv/year]

0.053
0.76
0.8

2.7

0.65

0.02

0.1

0.43

0.02

0.004

(*) = non-classified workers only

The estimate for exposure to Norwegian offshore workers given in table 8 (next page) is
connected to personnel working with contaminated tubulars on deck. The UK estimate is
related to workers close to LSA scale, which means persons who are in direct contact with the
material during cleaning of tanks, separators etc. Personnel involved in this kind of operations,
and not those involved only with tubulars, are classified as "LSA workers" in the UK

Actual case on LSA scale.

In 1986 in Brookhaven, Mississippi, simple investigations showed very high exposure rates
from certain points of the machinery in a cleaning facility for oil production equipment10. Some
years later this resulted in a trial and the case Street vs. Chevron. At one point a dose rate of
35 uSv/h was recorded and significant contamination of the air of the vicinity during the
cleaning process was measured. It was claimed that during a working year of 2000 hours, this
gives a total annual external dose of 70 mSv. However, this calculation assumes that the
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workers spend all their working time during a whole year very close to this particular point,
which is obviously not likely to happen. The dose rate of 35 uSv/h is still very high, and no
reports of such levels are known from the North Sea. The specific activity of the scale in this
particular case was reported to be 100 Bq/g of one nuclide, which means a total activity of
more than 1000 Bq/g. This is far above the average and normal activities of the LS A scale in
the North Sea, but such activity levels do rarely occur in the North Sea fields. One major
reason for the very high exposure rate in this particular case is probably that a very large
volume of the scale was deposited at one small single point of the production system.
Although such situations are very rare, this case reminds us of the hazards that potentially may
be caused by the LSA scale.

Table 8; Internal and external exposure to workers in different industries510"124748

Industry/Country

Oil Industry:
• Offshore LSA scale, Norway
• Onshore LSA scale, Norway
• Offshore LSA scale, UK

Phosphate industry
• Near plant (the Netherlands)
• Near plant (US)
• Fertilizer use
• By-products (gypsum)

Mineral sand industry, UK
• Zircon raw material
• Milled zircon with precautions
• Milled zircon without precautions

Thermal power plant
• Coal
• Fuel ash
• Oil
• Natural gas

Mining industry
• Norway
• Sweden
• Finland

Additional data:
• Coal power stations (UK)
• Sea food close to phosphate discharges sea-

UK, before 1992
UK, after 1992
NL

Average annual dose
[mSv/year]

0.053
0.76
0.8

0.04
0.05-6.0

0.002
0.010

0.3
0.6
6.0

0.002
0.005

0.00001
0.000001

3.4
9

2.7

0.15

0.27
0.05
20
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CONCLUSIONS

Activity levels and total amount of waste

• The annual production of LSA scale from the major oil producers around the North Sea
is around 200 tons. This represents a minor fraction of the solid residuals (waste)
generated by the other non nuclear industries ( » 1 million tons).

• The specific activity (Bq/g) of LSA scale from the oil industry is high compared to
waste and residues from other non nuclear industries (NN1). The activity of LSA scale is
typically about 10-1000 times higher than in most naturally occurring rocks and soils.

• The total quantity of activity (Bq) in LSA scale from the oil industry is low compared to
other NNI due to the enormous amounts of solid residues these industries generate.

Radiation exposure, dose equivalents (mSv)

From a radiation protection point of view, the activity levels and volumes alone can not serve
as a basis for a radiological assessment of the situation. Very important and perhaps of major
interest, are the radiation doses, both to the workers and to the public in general. Research and
assessments completed so far show that the personnel doses to both these categories are very
low. In most cases the exposure will lie far below one mSv/year for the workers involved with
LSA scale. Doses to the public from release of radioactivity from onshore and offshore
installations are also considered low.

The average external radiation exposure (dose, mSv/year) to different group of workers in the
non nuclear industry has been compared with occupational exposures to classified workers.
This comparison shows:

• The dose received by Norwegian offshore LSA workers is negligible. The additional
exposure correspond to 1% of the exposure from natural background in Norway. It is
about 10% of the occupational dose received by industrial radiography.

• Workers at the cleaning facilities, which are classified workers receive a dose of 0.76
mSv/year which is 15% of the natural background radiation.

• Norwegian LSA offshore workers receive an annual dose similar to workers in the
phosphate industry. The dose is higher than for workers at thermal power plants, but
significantly lower than for workers in the mining industry in the Nordic countries and
mineral sand industries (zircon) in the UK-

Implications of proposed EU directive

The proposed new EU directive on ionizing radiation has given a set of exemption levels not
to be exceeded for materials (waste) not requiring reporting and authorization.

• The oil industry exceeds the exemption limits both with respect to values of quantities
(Bq) and specific activities (Bq/g). The other NNI exceed the exemption limits with
respect to values of quantities.

• If the proposed EU directive comes into force, the consequences for the NNI will be
quite large both with respect to negative public image and higher cost of dealing with
raw materials, products and solid residues. If exemption levels are exceeded the
directive calls for authorization and specific requirements for classification of working
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areas, handling and storage of all materials which are processed together with an
extensive systems of registration and reporting.

• It is anticipated that the mere presence of radioactive substances in offshore production
systems will have considerable consequences for the handling, cleaning and disposal of
contaminated tubular, equipment, parts/objects, and during decommissioning of oil field
installations.

Many research institutions and industrial bodies have questioned whether the implementation
of the proposed directive will result in a measurable/significant dose reduction or improve the
radiological protection of workers at the plant and public in general.

RECOMMENDATIONS

There exists a general fear and anxiety of radioactivity and radionuclides which is mainly due
to lack of knowledge. The situation is not much different among oil field workers and
management. Conversations with people in the oil industry often expose that a majority has no
knowledge of the existence of naturally occurring radioactive materials in offshore production
systems. The latter is quite disturbing. The occurrence and accumulation of radioactive
substances of natural origin in oil field systems has been common knowledge in the industry
for many years. However, it seems that oil experts have not been able to convey this
information properly to offshore workers and onshore management.

To address the challenges described above, the following recommendations and related efforts
should be given some consideration:

• Give oil field workers (and management) introductory courses in radioactivity. These
topics should be an integrated part of courses offered to personnel involved in
production, maintenance and cleaning and service of oil field equipment, both offshore
and onshore.

• Qualify inspection and maintenance workers as 'classified workers' within the field of
radioactivity and radiation measurement.

• Provide the health safety workers with the newest instruments for the detection and
speciation (identification) of individual radionuclides.

• Establish better systems for the earliest possible discovery of radioactive substances
deposited on inside surfaces of instruments and equipment.

• Inform workers outside the oil industry involved in service and maintenance of
instruments for the industry about the occurrence of natural radioactivity in oil field
process systems.

• Inform the public in general about the occurrence of radioactive materials of natural
origin and about the industry's planned disposal options for such materials.
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