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Abstract. The work described in this paper is concerning the regulatory control set by the Atomic Energy
Commission of Syria (AECS) for the contaminated sites with Naturally Occurring Radioactive Materials
(NORM) in the oil industries in the northeast of Syria. These sites lie in a desert region with poor population
density and low occupancy. The decision was made to use the activity concentration of 226Ra per unit mass as a
measure to identify the need for cleanup. Two limits were set for this purpose so that contamination
concentration above the higher limit is defined as waste that has to be excavated from the site, while
contamination concentration between the two limits can be dealt with on site. Contamination concentration
below the lower limit was looked at as acceptable. Remediation plan to transfer the contaminated soil, with
radium concentration over the higher limit, to an engineered disposal pit was adopted. Proper stabilisation
measures and environmental monitoring programme were requested by the AECS and considered as essential
parts of the remediation plan.

INTRODUCTION

Nowadays, it is recognized internationally that the existence of sites, which are radioactively
contaminated resulting from past practices requires strict control by the regulatory authorities to insure
their safe rehabilitation. This, of course, should include defining levels for identifying the need for
cleanup, determining the best methods for decontamination, ensuring safe procedures during
decontamination, and designing a programme for environmental monitoring after the site
rehabilitation.

Oil industries exist in many countries. Water and sludge are usually present with the produced oil. Due
to the presence of 238U and 232Th series in the reservoirs, co-produced water will contain enhanced
naturally occurring radioactive materials, mainly radium isotopes due to their solubility in water that
allow them to be carried up with the produced water [1]. Improper disposal of this water may result in
contaminating landfills with Naturally Occurring Radioactive Materials (NORM).

This type of contamination with technically enhanced NORM may require remedial actions and
rehabilitation measures, depending on the likelihood of exposure to the population in the affected
areas and the associated risk. It is internationally recommended that cleanup is needed if the annual
individual dose would reach 10 mSv [2]. This shall however not exclude that cleanup measures might
be justified below this level. In this case specific reference levels may be established. They could be
expressed in terms of the avertable annual dose or a subsidiary quantity such as activity concentration
(Bq/g) or surface contamination density (Bq/cm2) [3].

Basically, the main responsibility for the decontamination of sites lies with the users, i.e. the
organizations responsible for contaminating these areas. The Regulatory Authority (RA) has the
responsibility to set up the regulatory framework related to the remediation of contaminated sites, to
review and approve the strategies and cleanup programme submitted by the responsible organizations,
to carry out regular inspections and to ensure compliance with the regulatory requirements during the
implementation of the remedial actions and post-cleanup measures.

Remedial actions can include work onsite, i.e. handling the contamination on-site, and work off-site,
e.g. in managing the radioactive waste generated during the remedial actions. Many options could be
considered for the on-site actions. They include:
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- Control access to site and take remedial actions at a later stage (e.g. during oil facility
decommissioning);
- Dilute and disperse the contamination by mixing it with uncontaminated soil;
- Cap the contaminated area by covering it with clean material; and
- Stabilize in-situ by selectively vitrifying or encapsulating highly contaminated area.

Off-site work could be necessary when the remedial actions generate radioactive waste, e.g. when
excavating contaminated areas. Managing this waste can be a key issue, particularly when large
amount of waste has to be managed. Options for this include:

1 Long term storage in an engineered facility, which could be storage pits;
2 Burial in a shallow land disposal facility;
3 Disposal in plugged and abandoned wells;
4 Mixing with casing cement and incorporation into well structures; and
5 Re-injection of the material into appropriately selected and approved underground geological
formations.

The work described in this paper focuses on the regulatory control set by the Atomic Energy
Commission of Syria (AECS), which is the regulatory authority in Syria, for the contaminated sites,
with Naturally Occurring Radioactive Materials (NORM) in the oil industries. In addition to its
regulatory functions, AECS acts as a service provider for many activities involving ionizing radiation,
e.g. providing capabilities for radiation surveys, radiological sample collection and analysis, etc.
Nevertheless, AECS maintains a strict effective independence between its roles as regulatory authority
and service provider. This is ensured by the designation of an effectively independent office, the
Radiological and Nuclear Regulatory Office (RNRO), in charge of the regulatory functions. This
office reports directly to the AECS' Director General.

DESCRIPTION OF THE SITUATION

Many oil industries in Syria used to dispose of the produced water in evaporation pits (lagoons). As a
result, this led to a concentration of the NORM in the lagoon areas and produced contaminated sites.
All these sites are under the responsibility of one user, i.e. an oil company, and are located in a desert
region in the northeast of Syria. They have poor population density and low occupancy. The area has a
negative net water balance with a rainfall at 150 mm/y, evaporation at 2800 mm/y. The ground water
levels in these areas are few meters deep.

The contaminated sites were surveyed to assess their contamination levels. It was found that the
contamination is mostly concentrated in the top layer of the surface going down to a maximum depth
of 50 cm. There is one exception, however, one site has been identified where the contamination goes
down for more than one meter point-wise.

The 226Ra concentrations in these sites vary from few Becquerel per gram to few tens at hot spots.
Table 1 shows the average 226Ra concentrations at different sites.

Table 1.

Site Number

Avg.226Ra [Bq/g]

The average

1

77

uRa concentration

2

5.2

at different

3

12.1

contaminated

4

4.2

sites.

5

4.0

6

2.4

There is restricted access to most of the sites because they are within the premises of the user. Only
few parts are freely accessible by the public, Bedouins generally.



REGULATORY REQUIREMENTS

The following considerations were taken into account when establishing the criteria regarding the need
for cleanup of these sites:

• It is widely recommended to adopt the dose that would be received by members of the public due
to the contaminated sites, or the risk associated with it, as a measure to be used for setting the
criteria.

• This quantity reflects the effect of the NORM waste on human beings through all the possible
pathways and includes, at the same time, the occupancy and habits of the local public.

• However, it depends, with some degree of uncertainty, inevitably on scenarios for the
development of the population and environment in the specific region over the time, e.g. to assess
the effect of chronic exposure.

• It is also difficult to use this quantity as an operational quantity. Thus, it is better to adopt, as an
operational quantity, the contamination concentration at the site. This could be either the mass or
surface concentration of some representative radionuclides activity, e.g. 226Ra, or the total
activity's concentration of the site.

Therefore, the decision was made to use the activity concentration of 226Ra per unit mass as a basis for
setting-up specific reference levels.

A quantified risk assessment [4] indicated a relation between the average 226Ra activity concentration
in the contaminated sites and the doses that would be received by members of the public [5]. It turned
out that the external exposure is dominant and larger than the exposure from all other pathways
together by at least one order of magnitude.

From the average 226Ra activity concentration and the doses that would be received by members of the
public, the following Syrian criteria for disposal and cleanup of contaminated soil have been defined
[6]:

1. Contaminated soil with 226Ra activity concentration below 0.15 Bq/g needs no cleanup.

2. Contaminated soil with 226Ra activity concentration above 5.2 Bq/g is considered as
radioactive waste that has to be removed from the site and managed properly.

3. Contaminated soil with 226Ra activity concentration between these limits needs some remedial
action. This can be done on site.

4. The external exposure has to be limited to values as low as reasonably achievable below 0.1
mSv/a.

REMEDIATION PLAN

Based on the regulation, the assessment of the situation, internationally approved practices [7] and cost
benefit analysis, the user proposed a remediation plan to transfer the contaminated soil with 226Ra
activity concentration above 5.2 Bq/g to an engineered disposal pit and to cap the excavated area with
clean soil in order to fulfill the requirements of the external exposure limitation, optimization taken
into account.

The NORM disposal pits were designed in order to fulfill the following objectives to ensure long-term
performance required by the RA:

1. Provide isolation of waste from the surrounding environment.
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2. Stop surface water infiltration into the waste.

3. Stop erosion of the cover over the waste.

4. Maintain a separation between the waste and groundwater.

5. Promote the drainage of water out of the waste.

6. Stop human and animal intrusion through the cover into the waste.

7. Maintain stability under foreseen subsurface and geologic conditions.

The remediation plan proposed by the user includes the following [8]:

1. Site selection for the disposal pit. This includes geological and hydrological formation of the
site.

2. The design of the disposal pit, which in general consists of (see Fig. 1):

a. Two compacted lower liners and a top liner with a thickness of 0.3 m each. The liners
consist of natural clay and bentonite at 10% with target permeability better than 10"8

m/sec.

b. 1 m of compacted clean soil over the top liner.

c. An additional layer of about 15 cm of gravel on top of the clean soil cover and crashed
rocks on the pit's buttresses.

3. The expected volumes of the contaminated soil to be excavated, the clean soil to cover the pit
itself and to backfill the excavated areas and the materials required for the liners of each
disposal pit.

4. Procedure for the decontamination work, which generally aimed to optimize the process to
carry out an efficient disposal operation with radiation dose kept as low as reasonably
achievable (ALARA). This involves NORM awareness course to the workers, work permits,
barriers, entry control point, personal protective equipments, etc.
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Fig. 1 Typical design of a disposal pit

Typically, the volume of the contaminated material to be transferred to the disposal pit is per site
several ten thousands cubic meters. The area to be excavated per site is about 50.000 m2. Several ten
thousands cubic meters of clean soil were needed for the cover of the disposal pit and to cap the
excavated area. For the upper and lower liners, about 5000 m3 of clay and 500 m3 of bentonite per site
were needed.

The RA approved this plan and agreed with the user on verification procedures to ensure complete
compliance with the regulations during execution of the work. In addition, arrangements were made to
ensure long-term safety after finishing the remedial plan.

LONG T E R M CONTROL

Additional requirements were set to ensure the long-term control over the disposal pit. They are
related to the physical protection and marking of the disposal pit, to the public awareness and to the
registration of the site with the relevant governmental authorities.
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Physical protection and marking

The fence surrounding each disposal pit has to carry clearly visible metallic plackards showing the
radiation warning signs, information about the potential hazard and a request to notify AECS in case
of visible abnormality. These plackards shall be fixed in a way that would ensure durability. An
additional sign should be engraved on a stone and placed within the fence. It should be at least 100
cm wide and 120 cm high, and shall carry in addition to the contents of the metallic plackards the
necessary information to identify the pit in dual languages, Arabic and English.

Registration

The location, shape and any other relevant information of the disposal pits have to be registered at the
Survey Administration and at the authorities responsible for real estates affairs with a special mark to
prevent construction on it over the years. The disposal pits have also to be marked on the official area
maps.

Public awareness

The user was requested to arrange for sufficient information to be addressed to the local habitants to
minimize the risk of human intrusion. The heads of the local bedouine tribes have to be informed
about the existence of the disposal pits, the potential hazard in the case of damaging its surface and the
applicable rules.

Environmental Monitoring Programme

In line with existing policies, RA requested an environmental monitoring programme to be carried out
on a regular basis. The approved programme consists of the following monitoring modules:

1. Stability of covers and erosion: periodical visual inspections of signs fixed on sites plus an
extra visual inspection after heavy rainfalls and periodical topographical survey.

2. Monitoring of the groundwater: periodical sampling and analysis of selected monitoring wells
in each area (see Fig. 2).

3. Monitoring of radon emanations: periodical sampling and analysis of radon monitoring station
at the center and in the four corners of the disposal pit as compared with emanation from fixed
background points.

4. Monitoring of land situation: periodical visual inspections of all areas.

CONCLUSIONS

The remediation plan was executed in complete compliance with the above-mentioned requirements
and under close supervision from AECS. The Syrian experience in dealing with NORM contaminated
sites is an example of successful cooperation between users and regulatory authorities to ensure
protection of individuals and the environment over the long term. A major contributor to this success
is the high level of environmental protection awareness and concern shown by the user.
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Fig. 2 shows a general situation of monitoring points at disposal sites.
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