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ABSTRACT:

Naturally-occurring radioactive material (NORM) is the term used to describe materials containing
radionuclides that exist in the natural environment. The radionuclides of interest include long-lived
radionuclides such as uranium-238 (238U), uranium-235 (235U) and thorium-232 (232Th) and their
radioactive decay products (such as isotopes of radium, radon, polonium, bismuth and lead), and individual
long-lived radionuclides such aspotassium-40 (40K), rubidium-87 (87Rb) and indium-115 (115In). The parent
radionuclides have decay times (half-lives) which are comparable with or larger than the age of the earth, so
they have always been present in the earth’s crust and within the tissues of all living species. Where materials
contain radionuclides from the naturally occurring decay chains (238U, 235U, 232Th), the large number of
radionuclides in each chain, and the resulting large range of physical and chemical properties of the
individual radionuclides, means that there can be a highly variable degree of secular equilibrium between the

individual members of the chains.

(1)INTRODUCTION:

Technologically enhanced naturally (parts per million — ppm) concentrations in rock
occurring radioactive material (TE-NORM)) and formations. Decay of these unstable radioactive
(or) enhanced potential for exposure to naturally elements produces other radionuclides that, under
occurring radioactive materials in products, by- certain conditions (dependent upon pressure,
products, residues and wastes. Such activities may temperature, acidity etc.) in the subsurface
include, for instance, the mining and processing of environment are mobile and can be transported
ores, the combustion of fossil fuels, or the from the reservoir to the surface with the oil & gas
production of natural gas and oil. If these residues products being recovered .During the production
containing naturally occurring radionuclides are process, NORM flows with the oil, gas and water
not managed properly and safely, contamination mixture and accumulates in scale, sludge and

over large areas is possible given the large scrapings. It can also form a thin film on the

quantities of such residues. interior surfaces of gas processing equipment and

(1.1)The origins of Naturally Occurring vessels.

Radioactive Material (NORM) (1.2)Types of radiation emitted by NORM
Radioactive materials such as Uranium and There are three types of radiation emitted

Thorium were incorp- orated in the Earth’s crust by NORM, namely;

when it was formed; these normally exist at trace * Alpha (o)
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e Beta (p)

e Gamma (y)
- Alpha particles are helium nuclei that are heavy
and positively charged which causes them to lose
their energy very quickly in matter. Thy can be
stopped by a sheet of paper or the surface layer of
your skin.

- Beta particles are much smaller and only have one
(negative) charge, which causes them to interact
more slowly with material. They are effectively
stopped by thin layers of metal or plastic and
considered hazardous only if a beta emitter source
is ingested or inhaled.

- Gamma emitters are associated with alpha, beta
high

electromagnetic radiation that interacts lightly with

decay and are a form of energy
matter. Gamma rays are best shielded by thick
Layers of lead or other dense materials and are
considered as an external hazard to living tissues
(i.e. the human body). Figure 1 details the
penetrating power of ionizing radiation emitted

from NORM radionuclides.
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(1.3) NORM in gas processing facilities
Radon is a radioactive gas, which is present
in varying degrees in natural gas in oil & gas
formations. In the absence of natural gas, radon
Dissolves in the (light) hydrocarbon and aqueous
phase. When produced with the oil and gas, radon
will usually follow the gas stream. If the natural gas
high

Percentage of radon can concentrate in the propane

is fractionated, a disproportionately
streams and to a lesser degree in the ethane
streams. Radon-222 produces, through natural
decay, several radioactive nuclides (also known as
radon progeny). Most radon progeny are short-
lived, with the exception of Lead-210 and Polonium-
210, which have relatively long half- Lives of 22.6
years and 138 days respectively. Most of the radon
decay products (90-99%) are attached to ambient
aerosols, airborne particulates or surfaces. This can
result in forming thin radioactive films on the inner
surfaces of gas processing Equipment such as
scrubbers, Compressors, reflex pumps, control
Valves and product lines. Fig 2 shows the oil and

gas plant.
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Figure 1 the penetrating power of ionizing radiation emitted from NORM radionuclides.
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crude Oil to Refineries

Fig 2 Oil and gas plant
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(2JHEALTH HAZARDS OF NORM
(2.1) TYPES OF NORM EXPOSURE,
See Fig 3

(2.1.1) Irradiation—external

Exposure where the source remains outside
the body

(2.1.2) Contamination

Internal exposure where radioactive
material is taken into the body via inhalation,
ingestion or absorption there is a large body of
scientific research and literature on the health
effects of ionizing radiation exposure. The health
effects associated with exposure to ionizing
irradiation vary depending on the total amount of
energy absorbed, the time period, the dose rate and
the effects such as the development of certain forms

of Associated with exposure to ionizing radiation

NORM expasure scenatios (Reference 6)

Contamination

[rradiation

Fig 3 two ways i personnel canbe eposed o NORL
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A

consideration Related to NORM is that exposures

Particular organ  exposed. key
are generally quite low and below established

regulatory action levels. In some situations,
exposure to low-level ionizing radiation may not
result in any adverse health effects; hence the basis
for developing regulatory health-based action levels.
Exposure to NORM will not result in acute and
severe effects similar to those effects associated with
exposure to high radiation levels from man-made
sources. Chronic Exposure to NORM above
exposure limits for the general public or following
inadequate safety precautions are typically delayed

Cancer. A variety of cancers has been
including leukemia, and cancers of the lung,
stomach, esophagus, bone, thyroid, and the brain
and nervous system. It is important to understand
that the potential health effects are strongly dose-
related. In addition, radiation exposure is not
Medical

surveillance for low-level radiation exposures is

associated with all forms of cancer.
typically triggered by exceedance of an established

regulatory action level. However, medical
surveillance is an imperfect and non-specific tool. It
is Duffel to fid medical tests that detect meaningful
abnormal changes in a timely fashion. Most medical
tests do not have high Sensitivity or specificity, i.e.
the ability to correctly identify who has a problem
(sensitivity-true positive) and who doesn’t have a
problem (specificity- true negative).
(2.2)Radiation levels at the outside of

processing facilities
The

radionuclide can depend on a number of factors.

organ at risk for a particular
The organs Quoted in Table 1 assume that the
nuclide is the only radionuclide Present. However, if

the nuclide of interest forms inside the body as a
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result of radioactive decay, its impact can depend
on the point where the decay takes place,
particularly if the nuclide is short-lived. In some
cases, particularly for beta emitting radionuclides
such as 234mPa and the Bi isotopes, The internal
dose contribution is negligible compared with the
internal dose contributions from other nuclides. The
radiological and physical properties and the organs
potentially at risk for each of the Radionuclides in
the 235U decay chain. The fractional abundance of
235U is very much less than that of 238U, so that in
Most situations the dose contribution from 235U
and its decay products is much smaller than the
contribution from 238U and its decay products. The
radiological and physical properties and the organs
potentially at risk for each of the radionuclides in
the 232Th decay chain are summarized in Tablel.

The physical and chemical properties of the
radionuclides can have a strong Influence on their
environmental behavior and resulting exposure
Pathways.

For example, the isotopes of lead and
polonium are volatile at temperatures commonly
Encountered in smelters, blast furnaces and power
Station furnaces. This means that these processes
can release lead and polonium isotopes to the
radiological and physical properties and organs
potentially at risk for some single naturally

occurring radionuclides.

NORM is widely distributed, and gives rise
to a natural radiation back ground that varies by
approximately two orders of magnitude over the
Earth, and even more if localized mineral deposits
are taken into account. This mean survey living
Species is exposed to this radiation, and in most
Situations this exposure is not amenable to control.
There appears to be no scientific evidence relating
general variations in this natural background to

health effects atmosphere.

(3) MANAGEMENT OF OIL-FIELD
NORM:

(3.1) NORM may undergo some of the following
stages depending on the type of waste and the
strategy for its management:

-Pre-treatment is the initial step that occurs just
after waste generation. It may involve collection,
segregation, Chemical adjustment and
Decontamination and may also include a period of
interim storage. The aim of this step is to segregate
waste into streams that will be managed in similar
ways, and to isolate non-radioactive wastes or those

materials that can be recycled.
-Treatment involves changing the characteristics of
radionuclide

the waste by volume reduction,

removal or change of composition.

Table1;: The important properties of the members of the #3=Th decay chain

. Half-life (Chu N Principal Organ(s) potentially at
Nuclide et al, 1999) Horna radiation risk

za2Th 1.41=<10' a solid a, B, vy Iung, skeleton, liver,
colon

z228Ra 5.75 a solid B Iung, bone

228M8¢C 6.15 h solid B. v

228 1.91 a solid L Iung, skeleton, liver,
colon

22aRa 3.66 d solid a, y lung, bone

220 Rn 55.6 s gas (el Iung

216Po 0.145 S solid el liver

=2Ph 10.6 h solid B. v bone

=iz Bi 60.6 min solid a. B. vy

212Pg (64%%) 2.99=x107 S solid a, B,y liver

208 Ph Stable solid B.v bone

208T] (36%6) 3.053 min solid B.v

z08Pb Stable solid
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Typical treatment operations include:

e compaction of dry solid waste or incineration of

solid or organic liquid wastes (volume
reduction);

e filtration or ion exchange of liquid waste
(radionuclide removal); and

e Precipitation or flocculation of chemical species

(change of composition).
-Conditioning
Involves transforming radioactive waste
into a form that is suitable for handling, transport,

storage and disposal.

Common immobilization methods include
solidification of LLW and ILW liquid radioactive
waste in cement, and verification of HLW in a glass
This might involve immobilization of radioactive
waste, placing waste into containers or providing
additional packaging. matrix. Immobilized waste
may be placed in steel drums or other engineered
containers to create a waste package.

-Storage of radioactive waste may take place at any
stage in the radioactive waste management process
and aims to isolate the radioactive waste, help
protect the environment and make it easier to

control its disposal.

Disposal method Description

Land spreading

It involves disposal by spreading sludge and scale on the surface/ open lands
in an area where NORM was not originally present above background levels.

Land spreading with dilution
(land farming)

Non-retrieved line (surface) pipe

Burial with unrestricted site use

Commercial oilindustry waste
facility

Commercial NORM waste facility

Commercial low level radioactive
waste facility

Plugged and abandoned well
Well injection and hydraulic
fracturing

Equipment release to smelter

Land spreading with dilution involves mixing of the applied NORM thoroughly
within the top 8 inch (20.3 cm) layer of soil using agricultural equipment in an
area where NORM was not originally present above background levels.
Buried fine pipe used at a facility could be abandoned in place after being
flushed to remove any oil or gas present.

Burial with unrestricted site use involves burial of NORM with at least 15 feet
(4.6m) of cover that is level with the surrounding terrain, minimizing erosion
potential.

Disposal in a commercial oil industry waste facility assumes burial with other
oilfield wastes where NORM represents less than 7% of the total waste
volume.

A NORM waste disposal site is designed to contain NORM for long periods and
its control may revert to a national authority for permanent monitoring and
restricted future use after closure.

A low-level radioactive waste disposal is defined and licensed under national
regulations with numerous protective features and restrictions.

Well abandonment operations provide an opportunity to dispose of NORM.
Sludge and scale wastes could be injected or fractured into formations that
are isolated geologically and mechanically.

Smelting may be a viable option for NORM contaminated tubular and other
equipment.

TABLE 2 Description of disposal methods
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Storage may be used to make the next step in the
management process more straightforward or to act
as a buffer between or within steps. Waste might be
stored for many years before it undergoes further
processing and disposal. Some storage facilities are
located within a nuclear power plant or a licensed
disposal facility, others are separate facilities.

Retrieval involves recovering  waste
packages from storage either for inspection, for
disposal or for further storage in new facilities.
Some storage facilities are designed so the
equipment that deposits waste can be operated in
reverse to retrieve waste packages. Others may
need retrieval equipment to be installed.

Disposal when

occurs packages of

radioactive waste are deposited in a disposal
facility, with no intention of retrieval. Disposal may
also include discharging radioactive wastes such as
liquid and gaseous effluent into the environment

and transfer of wastes from one site to another.

(3.2) NORM removal and disposal:
The disposal methods for NORM waste

used nowadays by the oil and gas industry can be
subdivided Land based

management; disposal;

into five categories:

Salt cavern offshore
discharge; Land fill and Underground injection.
Their characteristics are presented in the table 2
Description of disposal methods (OGP 2008) once
formed, barite is a very insoluble mineral. One liter
of water at the Earth’s surface dissolves only

0.0025 grams of barite. Efficient removal of
barite deposits from oil-field equipment requires
special chemicals or vigorous mechanical methods.
The process of barite removal and disposal is
complicated by the need to minimize radiation dose
to workers and the general public. Radiation
exposure pathways include external gamma
radiation (major), ingestion (minor), and inhalation

of particulates and radon gas (major).

NORM CONCENTRATION LIMIT

Low > HIGH
Surface Licensed  Low. Plugged
spreading Oll NORM leved and
Surface  with industry disposal  wasle  Surface Injection abandoned Hydraulic  Salt
spreading dilution  Burlal  landfill  facility  facility  mine well wells  fracture  dome
' ' I
= |

OF ISOLATION
FROM PUBLIC

—— —— ——— — — — ——— ———— —
—————— — — ———— ——————— —

HIGH

FIG 4 the relative isolation of NORM waste from the general public for a variety of possible disposal options
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Figure 4 illustrates the relative isolation of
NORM waste from the general public for a variety
of possible disposal options. As degree of isolation
increases so does the capability for disposing of
higher radium concentrations. Currently most
oilfield NORM waste is stored at production sites
awaiting disposal in specially designated and
permitted landfills, disposal wells, or injection wells.
Figure Disposal alternatives for NORM wastes.
Disposal of more concentrated wastes requires
greater isolation of waste from the general public.
Modified from American Petroleum Institute
(1992).

Petroleum Institute—based on original API figure,

Reprinted courtesy of the American

modified by U.S. Geological Survey.
() RECOMMENDATIONS:

1-Waste of activities and processes or its ashes
which retain the properties of hazardous substances
and have no subsequent original or alternative uses,
like clinical waste from medical treatments or the
waste resulting from the manufacture of any
pharmaceutical products, drugs, organic solvents,
printing fluid, dyes and painting materials.

2- Those engaged in the production or circulation of
hazardous materials, either in gas, liquid or solid
form, are held to take all precautions to ensure that
no environmental damage shall occur .The owner of
an establishment whose activities produce
hazardous waste pursuant to the provisions of this
Law shall be held to keep a register of such waste
indicating the method of disposing thereof, and the
agencies contracted with to receive the hazardous
waste. The executive regulations shall determine
the data to be recorded in the said register and the
EEAA shall be responsible for following up the

register to ensure its conformity with the facts.

29

3- All organizations undertaking activities in the

field of exploration, drilling, extraction and
production of crude oil, its refining and processing
shall observe the regulations and procedures set
forth in the Law and its executive regulations which
the

international petroleum industry as provided by the

are derived from principles governing
competent administrative authority.
4- The management of hazardous wastes shall be
subject to the following rules and procedures:
1- Engendering Hazardous Waste :

The establishment which engenders hazardous
waste shall be held to do the following:
A- Try hard to reduce the rate at which such waste
is produced, both quantitatively and qualitatively,
by developing the technology used, employing clean
technology and selecting alternatives for the
primary product or the raw material which are less
harmful to the environment and public health.
B- Categorize the waste produced, in terms of both
quantity and quality, and register same.
C-Establish and operate units to treat waste at
source, provided the EEAA approves the treatment
system as well as the technical specifications of these
units and their operational programs. In case of
difficulty of treatment or disposal of hazardous
waste at source, the establishment producing such
waste shall be held to collect and transport it to the
disposal sites determined by the local authorities
and the competent  administrative and
environmental bodies. The displacement of such
waste shall be subject to all the conditions and
provisions prescribed in this respect by these

Executive Regulations .
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4-2-Stage of

Hazardous Waste:

Collecting and Storing

o Determine specific locations for the storage of
hazardous waste meeting safety conditions to
prevent the occurrence of any harm to the public or
to those persons exposed to such waste.

e Store hazardous waste in special containers made
of a solid, non-porous, leak-proof material. These
containers are to be hermetically sealed and their
capacity must be commensurate with the quantity
of hazardous waste stored therein or conform to the
standards set for the storage of such waste
according to type .

e Place a clear sign on the hazardous waste
containers indicating their contents and warning of
the dangers which may result from handling them
imprudently.

D-Lay down a schedule for the collection of
hazardous waste so that it is not left for long periods
in the storage containers.

E-Producers of hazardous waste shall be held to
provide the above-mentioned containers, wash them
after each use and not place them in public places.
5-

Hazardous Waste :

Stage of Treatment and Disposal of

A- The sites selected to house utilities for the
treatment and disposal of hazardous waste shall lie
at a distance of at least three kilometres from
populated and residential areas, and shall be held to
meet the conditions and provide the equipment and
installations set forth below :

1- The area of the site must be Proportionate to the
quantity of hazardous waste so that such waste
does not remain in storage for extended periods.

2-The site shall be encircled with a brick wall

standing at least 2.5 meters high.

30

3-The site shall be provided with more than one
gate of suitable width, allowing the easy entry of
trucks transporting hazardous waste.

4- The site shall be provided with a water source
and W.C. facilities.

5- The site shall be provided with all the protection
and safety requirements prescribed in labour and
vocational health laws, as well as with a telephone
line.

6- The site shall

mechanical equipment which can facilitate the

be provided with all the
work process.

7- The site shall be provided with warehouses
equipped to preserve hazardous waste pending its
treatment and disposal. Equipment shall differ
according to the type of hazardous waste received
by each utility.

8- The utility shall be provided with an incinerator
for burning certain type of hazardous waste.

9- The utility shall be provided with the necessary
equipment and installations for sorting and
classifying certain types of hazardous waste with
the intention of reutilizing and recycling them.

10-The site shall have a sanitary ditch of an
adequate capacity for burying the incinerated
remains.

C- Processes for the treatment of hazardous waste

which cannot be reutilized and recycled shall be

carried out within the following framework:

1- Injecting hazardous waste amenable to pumping

into salt mines, wells and natural reservoirs in areas

far from residential and populated areas.

2- Burying hazardous waste in pits specially

prepared for this purpose and isolated from the

other components of the environmental system.
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3- Treating hazardous waste biologically by using certain types of living micro-organisms to bring about its
decomposition.

4- Treating hazardous waste physically or chemically by evaporation, dilution,
5- calcification, assimilation, sedimentation, etc.

6- Incineration in special incinerators designed to prevent the emission of gases and fumes into the
surrounding environment.

7- Permanent storage (such as placing hazardous waste containers inside a mine).

D- Taking all procedures which guarantee limiting and reducing the production of hazardous waste through:

1- Developing and generalizing the use Of clean technology.

2- Developing suitable systems for the Management of hazardous waste.
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