
International Conference on HAZARDOUS WASTE: Sources, Effects and Management
11-16 Decenthpr 1998. Cairo-Esvpt

T-32

TREATMENT AND DISPOSAL OPTIONS FOR OIL
FIELD * NORM' WASTE.

SH. I. SHAABAN.
ENVIRONMENTPROT. DEPT.MGR.

BELA YIM PETROLEUM CO. ((PETROBEL ))

I.ABSTRACT

The presentation discusses the origin of NORM in gas and oil
industries and the hazards arising from working with Natural
Occurring Radioactive Material. This paper illustrates the positive
steps taken related to personnel health, environmental impact, the
extent of the problem, prevention and controlling, as well as handling
and disposal control of radioactive material . The study aims at
avoiding the release of contaminated substances into the surrounding
environment and at taking radiation protection measures in order to
prevent and / or limit the radiological risk involved in routine
maintenance operations.

2 . INTRODUCTION
Naturally Occurring Radioactive Materials, commonly known as
NORM, are present in varying concentrations in hydrocarbon
reservoirs in a number of areas of the world, specifically the North Sea,
Gulf coast, Alaska, and Western Canada. The petroleum industry has
recognized that these materials can give rise to radioactive scale during
oil and gas production. The radioactivity of the scale is the result of the
co-precipitation of Radium from the hydrocarbon reservoir with
Barium , Calcium and Strontium sulphates or carbonates. Scale
formation occurs from one or & combination of several factors including
the mixing of incompatible formation water with injection water or
from of changes in temperature, pressure , PH, flow rate and regime
during fluid production. The scale, emits alpha , beta and gamma
radiation which poses problems when equipment containing radioactive
scale has to be handled or removed from service.
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3 . NORM SCALE PREDICTION AND INHIBITION
Diagnostic method and tool have been used to predict & identify causes
and potential locations of NORM, to recommend a proper program to
mitigate tllie NORM problem and to reduce the need for the costly
handling and disposal of waste.
3.1. SCALE PREDICTION. The two main components of scale
prediction are :- the proper characterization of the chemical
composition of the various water ( e.g. formation, sea water and
workover brines ) and the validity of thermodynamic calculations that
used to perform scale precipitation .Although the potential for NORM
scale was high when mixing seawater with formation water, NORM
scale was not observed in producers because the seawater was injected
into the aquifer zone.
3.2. SCALE INHIBITION. An inhibition program is recommended to
avoid BaSo4 scale and consequently NORM scale, either remove sulfate
from seawater before injection or use scale inhibitors in the mixing
zones. The use of sulfate-removal selective membranes costs were
relatively high and this approach was not used, therefore the inhibition
program was assumed to be effective, inhibition squeezes were
performed on an offshore platform with the phosphoric acid inhibitor
and a self-neutralizing acid process squeeze.

4. SCALE HAZARDS
Radiation usually does not present a health hazard to the public or to
the majority of employees unless inhaled, ingested, or absorbed into
human tissue, however, during well workover, maintenance, equipment
handling or repair and vessel entry employees may have direct physical
contact with radioactive scale and sludge. Therefore, safe system of
work and proper procedures are required which recognize the hazards,
protect the employees from harmful exposure, minimize interference
with the environment and conform to government regulations . Alpha,
beta, and gamma are the three types of ionizing radiation emitted from
radioactive scale. Gamma radiation can penetrate the steel walls of
vessels or pipes, however, the external hazard due to gamma radiation
from scale inside plant equipment is very small. Alpha and beta
radiation do not pose external radiation hazards outside production
and process equipment as they are stopped by the equipment wall. The
radium contained in NORM causes the emission of radon gas. Radon-
222 has a half-time of 3.42 days and through subsequent
transmutations produces a series of radionuclides. Of these
radionuclides polonium -218 and polonium -214 are of great
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radiological importance since, being transported in the dust, they may
reach the respiratory system and cause irradiation to the bronchial
fiber.

5. RADIOACTIVITY MEASUREMENTS
Radioactivity is measured and reported in various forms, the original
unit is Curie , it defined as ,1 Curie ( Ci) = 3.7 X 1010 disintegration
per second . The Curie is a rather large unit and more recently the
Becquerel has been adopted , defined as,
1 Bequerel (Bq) = 1 disintegration per second. The measurements
for personal is the measurement of resultant damage when radioactivity
is absorbed within a living tissue. The measurement units of
radioactivity energy per unit weight called Rad, Rem and Seivert ( Sv)
where 1 Sv = 100 rem.

6. NORM EXISTENCE
Radiometric survey had been done by means of AGEP (National
Institute of Radiation Protection) in 1994 and A.E.A. (Egyptian Atomic
Energy Authority), confirmed the significance of NORM in many
components of installation. Gamma spectrometric and radio-chemical
analysis were made to allow a general classification of the various
matrices ( sludge , scales , water ) on the basis of the contents of
radioactive elements.
6.1. GAMMA DOSE RATE SURVEY. Measurements were made at
different points on contact with each individual component. This
information makes it possible not only to monitor the evolution of the
phenomenon but also allow suitable scheduling of maintenance job at
the installation and application of radiation protection procedures as
illustrated below . The measurements results indicate the presence of
NORM in the tanks, heat exchanger, separators, desalters, ect.
6.2. RADIO-CHEMICAL ANALYSIS .Samples of different matrices
(sludge, soil, scales, water etc.) must be taken around the installation
area for analysis to determine the content of radioactive elements.
Radiochemical analysis will show if the samples contain radioactive
elements such as ( Th & U & Ra ) or not.

7. DISPOSAL OF CONTAMINATED EQUIPMENT
Any equipment at which radioactive scale is found cannot be re-used
until decontaminated ,a proper record should be kept noting the
radioactivity level and safe disposal options must be considered.
Disposal of contaminated pipes within abandoned wells as the most
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environmentally sound option posing the lowest risk to personnel
involved in the disposal process, according to American petroleum
Institute instruction . To allow normal disposal the radioactivity level of
the equipment should be reduced by means of clean or scale removal
procedures. Cleaning procedure is a mechanical cleaning and
radioactive decontaminated foams leads to nil radiation levels, and the
removed scales should be loaded in sealed canisters for down hole
disposal.
l.l.CLEANING PROCEDURES. The cleaning of contaminated
equipment must be conducted in a controlled environment that
eliminates the escape of dust and scale. Safe and proper work
procedures are absolutely essential. The following operating guidelines
and radiation protection procedures should be considered in presence
of NORM and when dealing with removal of contamination.
7.2. OPERATING GUIDELINES FOR ACTIVITIES . The aim of this
procedures is to reduce the radiological risk of exposure of personnel
and the population to ionizing radiation. This procedures must be
considered an integral part of the safety standard normally adopted at
oil industry.
• Before carrying out maintenance jobs, make all the necessary

radiometric measurements around the installation involved in order
to detect the presence of NORM.

• If NORM is detected , the maintenance work must be suitably
planned and it must be ensured that the necessary or useful material
is available in the appropriate ways and times.

• Before carrying out activities, make radiometric controls at the work
site and surrounding area in order to obtain information which
makes it possible to decide whether decontamination activities will be
necessary or not at the end of the work.

• Personnel working in the presence of NORM must be suitably
trained.

• Before starting the activities, the personnel (contractors or
otherwise) must be informed about the presence of NORM so as to
knowingly take the necessary radiological protection measures.

• Personnel working in the presence of NORM must have personal
dosimeters and the dose values absorbed by each worker must be
recorded and kept up-to-date.

• Personnel must be equipped with the necessary protective clothing
and equipment in order to avoid direct and, above all, inhalation or
ingestion of NORM . This normally includes, waterproof boots,
rubber or neoprene gloves, protective overall (disposable overalls are



the best) , protective glasses, half or full face masks (with filters
approved for use in environments with radioactive dust) full face
masks must be used during activities which could produce high
quantities of dust/fumes (cutting of components, milling, welding,
descaling in general, etc.)

® The personnel must follow normal industrial hygiene rules: no
eating, drinking, or smoking during work in contaminated area or on
contaminated parts.

• All parts disassembled where NORM has been confirmed must be
recorded and subjected to radiometric controls to check if they are
contaminated or if they can be used without restrictions.

• All the contaminated parts must be clearly labeled, recorded and
kept in a suitable place with restricted access while awaiting disposal
or decontamination.

« To reduce the release of radioactive dust into the environment, work
should be carried out in "humid environments". Avoid activities

• which generally generate great quantities of dust. If these activities
are unavoidable, take the necessary measures to minimize the
dispersion of contaminants.

• If a part of section of the installation with NORM has to be opened
or disassembled, use appropriate barriers to avoid the release of
contaminated material into the environment ( plastic sheets to cover
the ground, think sacks in which small contaminated parts, tools etc.
may be placed ). Plastic bags may be used to seal flanges, pipes etc.

• The NORM must be collected and appropriately disposed of.
• Use suitable containers (e.g. airtight plastic drums) to temporarily

deposit and transport NORM.
• Radiation Protection measures to be taken in the presence of NORM

in closed environments.
• Ventilate the tanks, separators etc. for at least 4 hours before

operations.
• If the ventilation is not sufficient or if inspections must be made

before the ventilation period is over, use breathing apparatus.

7.3. MECHANICAL SCALE REMOVAL. Mechanical scale removal
primarily deals with the scale removal from tubular products two
systems were employed with essentially the same end results. In the first
a drill shafts is rotated with a drill bit that cuts out the scale to the
inside diameter of the tubing. In the second case, only the drill pit
powered by compressed air, rotates. In both cases air is injected at one
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>()(< of the tube and a vacuum applied at the other end in order to
ensure the removal of the scale. Both systems are totally enclosed with
the scale existing first into a dry collection drum, a second stage water
bath and finally a third stage air filtration system. The removed
radioactive scale solicited in dry drums, and loaded into a number of
canisters utilizing a sealed loading head.
*.* STORGE OF CONTAMINATED MATERIALS, Contaminated
tubing, rods and pumps are stored on pipe racks in district warehouse
yard in a designated area clearly marked and cordoned off as a
hazardous area. The ground where the pipe rack is located, has been
prepared by proper diking to contain rain water. The diked area is
covered with a thick gauge polyethene sheet secured in place. Rods and
pumps are placed in a specially built container for transportation from
the welisite and are stored inside sealed canisters and placed on the
piperack until disposal.

8 NORM MANAGEMENT AND DISPOSALS
8.1. MINIMIZATION: Waste minimization through particle seperation
and dewatering can reduce the total volume of NORM generated
during soil remediation and vessel-cleaning operations . Waste -
minimization systems use a series of mechanical shakers with screens of
varying mesh sizes to separate the solid waste material. After the
particle-size separation has been completed, lab analyses are performed
on representative sample to determine whether a portion of the waste
stream can be reclassified to a nonhazardous materials . In addition to
particle seperation , waste-minimization systems are centrifuges to
dewater the fluid portion of the waste stream, passive decanting of the
wash water is also used . The dewatering portion of the system was
highly successful in reducing the total volume of the NORM generated
during the vessel-cleaning operations.
8.2. ON-LINE VESSEL CLEANING. Vessel cleaning performed while
continuing to produce oil/gas through the platform process equipment
has several safety and economic advantages . The process used the
vessel's drain system to gain access to the interior of the vessel. A high-
volume, low-pressure lance was connected to one of the drain lines on
the bottom portion of the vessel. The y-shaped lance allowed fluids to be
pumped into the vessel and NORM solids to be removed
simultaneously. A high volume of water was pumped through the lance
in to the bottom of the vessel, causing the NORM solids on the bottoms
of the vessel to become suspended. The NORM solids/ fluid mixture was
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then removed from the vessel through the lance and separated by a
shaker system.
8.3.ENCAPSULATION DISPOSAL NORM material can be
encapsulated in casing and disposed of in the wellbore during P/A.
operations. This process provides an opportunity to dispose of NORM
material that is difficult to decontaminate (e.g. NORM-contaminated
filters ). Individual joints of casing are used to provide a container for
the NORM material. Each joint is filled with the NORM material and
then sealed by welding a plate on the inside of each and the joints of
casing are then run into the hole with a drilling rig or dropped into the
wellbore during P/A. operations. This process is not effective when
disposing of large volumes of NORM material because of the small
container size of each joints .

9. PETROBEL RADIATION POLICY
. Petrobel pays attention to the safety of its personnel at all stages of

production cycle.
. Petrobel radiation protection policy defines principles, criteria and

guidelines to guarantee radiological safety of the people and
environmental protection.

. Petrobel safeguards the workers , population and environment "as
safe as possible " according to radiation protection concept indicated
by International Commission for Radiological Protection (I.C.R.P.).

. Petrobel identify, reduce eliminate and prevent the critical situations
during the company's activities.

. Petrobel encourages cooperation with internationally recognized
organization e.g. Atomic Energy Authority (A.E.A.) and Natural
Institute of Rad. Prot. (R.A.D.I.) in AGIP Italy which create
radiological critical situation, facilitate early identification of critical
areas and take the proper remedial action.

. Petrobel will comply with Egyptian law (No. 4/94).
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10. CONCLUSIONS
1. The results of the radiometric survey confirmed the significant

presence of Naturally Occurring Radioactive Material (NORM) in
many components of the installation.

2 The survey confirmed that restoration work is indispensable and that
appropriate procedures must be adopted when work is performed on
contaminated components of the installation.

3. It would be important to have the cooperation of the Egyptian
Atomic Energy Authority for the definition and implementation of a
plan which takes into consideration the real possibility of managing
and disposing of radioactive waste produced at the installation in
conformity with national standards .

4. Radioactive scale can occur downhole.
5. Chemical control is possible
6. The danger to personnel is not from external to the radiation but

from the inhalation, ingestion or absorption of scale particles into the
human body (internal exposure ) .

7. Safe work procedures are essential and must be followed when
dealing with NORM contamination.

8. Mechanical cleaning methods are effective in reducing radioactive
waste volumes from tubing joints.

9. Disposal in abandonment wells is on accepted options.
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