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ABSTRACT

There is a certain number of radioactively contaminated sites in the Republic of Croatia, one
of them being known as Power Plant Plomin site, which contains radioactive slag and ash.
Due to a relatively high quantity of the deposited material, as well as a relatively high
population density of the neighbouring area, it is very important to assess the impact of the
site on human health and environment.

Using RESRAD computer code and PATHRAE method a preliminary assessment of doses
and radiation risks for the workers who spend most of their working day at the pile has been
performed. PATHRAE method has also been used for the assessment of radiation risks for the
neighbouring population. The assessment is preliminary in its character due to the lack of
input data. On the basis of assessment results, recommendations are being given comprising
measurements to be taken with a view to coming up with the final risk assessment, as well as
protective measures which should be undertaken in the meantime.

INTRODUCTION

When it comes to impact on human health and environment, radioactively contaminated sites
represent an important problem today. A certain number of such sites can be found in the
Republic of Croatia.

Aware of the above fact and seeking to speed up the clean-up process of radioactively
contaminated sites, in March 1993 Hazardous Waste Management Agency (APO) joined an
international project entitled "Technical Co-operation Regional Project for Countries in
Central and Eastern Europe on Environmental Restoration", initiated and co-ordinated by the
IAEA. The final goal of the project is to reduce the level of radiological contamination in such
sites, and thus to avoid possible adverse effects on human health and environment [1]. The
project has been divided into three main stages:

1. identification and categorisation

2. preparations for clean-up and

3. clean-up of radioactively contaminated sites

During the first stage a total of 35 sites suspected to be radioactively contaminated were
identified. All available data on each particular site were collected. Thereupon, the suspected
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sites were prioritised according to a set of predetermined criteria. Power Plant Plomin site was
identified as one of the three top priority sites.

The project is in the second stage at the moment. The available data for the three top priority
sites identified during the first stage are being systematised and completed by newly collected
data, with the aim of assessing possible health risks, and thereupon, on the basis of cost-
benefit analysis of each particular radiological remediation option, coming up with relevant
proposals in the form of reccommendations. It is expected that these recommendations will
represent a starting point in making final decisions on the best possible remediation options. It
is at that point that the project will come to its final stage, which is clean-up of radioactively
contaminated sites.

A BRIEF DESCRIPTION OF POWER PLANT PLOMIN SITE

Power Plant Plomin pile is situated in the western littoral area of the Istrian peninsula, some
ten kilometres north-west to the town of Labin, within the complex of Plomin Power Plant.
The site contains 700.000 m3 of radioactively contaminated slag and ash, covering the area of
120.000 m . Slag and ash have been accumulated continuously since 1971 as a result of
burning coal with naturally elevated radioactivity level in the boiler plant. In its bigger part
(70% of the total area) the site is covered by a layer of soil whose thickness is up to 60 cm.
Lateral parts and recent accumulation remain uncovered.

The pile site is provided by a drainage system and a retention pool which contribute towards a
considerable lowering of erosional, derasional and proluvial processes. Ash and slag are
transported to the pile by a conveyor. In the northern part of the pile, at the place where the
material conveyed from the power plant reaches the pile, there is a little house serving as a
"sentry box" for the worker supervising activities at the pile. The house is made of concrete
and mounted on an iron construction [1].

Multiple measuring of slag and ash radioactivity have shown that concentrations of
radioactive potassium (K-40) and thorium (Th-232) are such that their impact on human
health and environment can be considered negligible, which cannot be said for U-238 and Ra-
226 nuclides. Namely, the same measurements have proven their concentration values to be
relatively high. Average specific radioactivity values of U-238 and Ra-226 range from 882 to
3.431 Bq/kg and 796 to 2.972 Bq/kg respectively [2,3,4,5].

BASIC FEATURES OF THE APPLIED METHODS

RESRAD computer code

In 1986 the US Department of Energy (DOE) published their "Manual on Implementation of
Recommendations on Residually Radioactive Materials." Closely following its publication,
Argonne National Laboratory came up with their computer code "RESRAD" (RESidual
RADioactivity) to assist calculations of allowed concentration of radionuclides in the soil and
the doses.

The version used in the preliminary risk assessment of Power Plant Plomin site was the
version 5.0, completed in 1993. In addition to doses and allowed concentrations of
radionuclides in the soil, this version also enables calculation of cancer risks. Calculation of
doses and allowed concentration of radionuclides in the soil is based on the analysis of
migration pathways, called "Concentration factor method". As for risks, they are calculated by
EPA method based on the so called "Cancer Risk Slope Factor" concept. RESRAD computer
code version 5.0 is limited to the calculation of so-called "on-site" doses and risks [6].
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PATHRAE method

For a few years now US Environmental Protection Agency (EPA) has been very actively
involved in dealing with the issue of NORM waste (NORM is an abbreviation standing for
Naturally-Occurring Radioactive Materials). As a result of that involvement a document
entitled "Diffuse NORM Wastes - Waste Characterisation and Preliminary Risk Assessment"
was published in May 1993. Amongst other things, the document presents a so called
"PATHRAE" method for preliminary assessment of doses and risks.

When it comes to slag and ash piles, as in the case of Power Plant Plomin site, PATHRAE
method enables dose and risk assessments for (1) professional personnel, (2) immigrants and
other persons residing temporarily at the site, (3) critical population group and (4) generic
population. Since doses and risks are calculated from simplified equations (for the most part
those are simplified "PRESTO" computer code modules), PATHRAE method is primarily
used for preliminary assessments. However, the results obtained by that method are said to
differ by not more than factor three from those obtained by more sophisticated procedures [7].

DESCRIPTION OF EXPOSURE SCENARIOS

Taking into consideration relevant characteristics of Power Plant Plomin site and its broader
area on one hand, and characteristics and potential of the applied methods on the other hand,
two exposure scenarios have been defined: "Pile supervisor" and "Neighbourhood
population".

The "Pile supervisor" scenario serves as the ground for evaluation of impact exerted on the
worker supervising the conveyor operation and unloading of material at the slag and ash pile.
The worker spends 6 hours at the pile, out of which 4 hours in his "sentry box" supervising
the conveyor and 2 hours at the place of unloading. According to this scenario, the worker
comes to his work-place 5 out of 7 days a week, 48 out of 52 weeks a year. The relevant
migration pathways in the 'Tile supervisor" scenario are: (1) direct gamma radiation of the
material on the pile and (2) inhalation of contaminated particles. Doses and risks will be
calculated by RESRAD computer code and PATHRAE method.

The "Neighbourhood population" scenario takes into consideration the population residing
100 metres to up to 10 kilometres from the pile and the negative impact exerted upon them.
The migration pathways relevant to this scenario are: (1) particles carried by wind and (2)
radon carried by wind. Calculations for the "Neighbourhood population" scenario will be
carried out by PATHRAE method (RESRAD computer code can be used for "on-site" doses
and risks only), whereas doses and risks are represented as collective doses and collective
risks. The most important data for the selected scenarios are given in the Table 1.

Table 1 Description of the exposure scenarios

TITLE

Pile supervisor

Neighbourhood
population

PATHWAYS

Direct radiation

Inhalation of particles

Particles transported
by wind

Radon transported by
wind

DESCRIPTION

The worker spends 6 hours daily at the site, out
of which 4 in his "sentry house", supervising

the conveyor, and 2 hours at the unloading site.

The population taken into consideration are
locals living 100 m to 10 km from the pile. The

pathway "Particles transported by wind"
involves impacts of direct radiation of particle

sediments, inhalation of particles and
consumption of contaminated foods.

METHOD

RESRAD,
PATHRAE

PATHRAE
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RESULTS

The authors of this study used results of four measurements of specific radioactivity of slag
and ash from the Power Plant Plomin site [2,3,4,5]. Since the obtained values varied within a
very broad spectrum, it has been decided to perform dose and risk assessments for each result
separately.

Results for the Pile supervisor scenario

The Figure 1 shows total doses for the "Pile supervisor" scenario, obtained by RESRAD
computer code and PATHRAE method. Since the "Concentration factor" method is more
detailed and comprehensive than PATHRAE method, RESRAD code results should be
accorded more weight.

Total annual doses, obtained by RESRAD code, range from 0,436 to 1,64 mSv. In this case
the threshold allowed annual dose, as defined by ICRP, is 1 mSv. Comparing this dose with
the obtained values it can be seen that in the case of calculation results using the highest
measured radioactivity values the obtained dose is higher than the allowed one by 0,64 mSv.
In other cases the doses obtained fall under 1 mSv per year, i.e. are within the allowed
spectrum. The obtained doses can be compared with the dose of background radiation which
for the Plomin Power Plant and its broader area amounts to 0,9 mSv annually. Therefore, the
"Pile supervisor", performing his duties at the site, will be receiving an additional dose,
amounting to 50 to 150% of the doses he is receiving from the background radiation.
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Figure 1 Doses for the Pile Supervisor scenario

Starting from a conservative assumption that the specific radioactivity values are equal to the
highest measured values, it is possible to calculate how many hours a day on average should
the "Pile supervisor" spend at the site so that the dose does not surpass the stipulated limit of
1 mSv per year. The duration of daily stay at the site resulting in a dose of 1 mSv per year is
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about 4 hours. Should the "Pile supervisor" spend shorter hours at the site, the annual dose
will be less than 1 mSv.

Relative aberration of PATHRAE method results is from -15,0 to -15,2%. If the obtained
doses are simply qualified as allowed or not allowed (higher or lower than the stipulated 1
mSv/year). than there will be no difference between the results of RESRAD computer code
and PATHRAE method: values surpassing the allowed values are obtained by using the
highest measured values of specific radioactivity for the calculation, whereas in all the other
cases values obtained are under the allowed limit.

Figure 2 shows risks for the "Pile Supervisor" scenario, obtained by RESRAD computer code,
PATHRAE method and in keeping with the ICRP recommendations. In this case, like in the
case of comparison of doses, RESRAD code should be accorded most weight. Relative
aberrations of PATHRAE method range from -29,3 to -29,9%. Relative aberrations obtained
according to the ICRP recommendations range between 30,4 and 30,5%. If we compare the
results obtained according to ICRP recommendations with the value of 5 x 10"5 defined by the
same institution as the upper limit of acceptable risk, then we shall see that in the case of
calculation using the highest measured values of specific radioactivity the risk is not
acceptable, whereas in other cases it falls below 5 x 10°, and is therefore acceptable.
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* Risks are calculated by means of multiplying total annual doses obtained by RESRAD code with the factor of
5 x 10"2 Sv"1, as defined by ICRP.

Figure 2 Risks for the Pile Supervisor scenario

Results for the Neighbourhood population scenario

Results obtained by PATHRAE method for the "Neighbourhood population" scenario are
presented in the Figure 3. These are collective risks after one year of exposure to the negative
impact of the site. Their range is between 2,25 x 10"6 and 8,41 x 10"6.
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Figure 3 Risks for the Neighbourhood population scenario

RECOMMENDATIONS

Preliminary character of this assessment is due to the lack of particular input data, especially
those referring to the concentration of radionuclides in slag and ash and in drinking water
from the local water supply. The performed measurements were for the most part incomplete,
and their results varied within a very wide range. That is why this study does not propose
recommendations for the radiological remediation, but only the prerequisites required for the
final risk assessment. Protective measures, which should be undertaken in the meantime, are
also proposed.

Measurements

Measurements to be taken prior to performing the final risk assessment and proposing
recommendations for the radiological remediation are as follows:

1. Measurements of the concentrations of radionuclides in the pile slag and ash
samples

2. Measurements of the concentrations of radionuclides in the drinking water samples

3. Measurements of the concentrations of radionuclides in the samples of sediment
taken from the Plomin bay seabed

Protective measures

While measurements are being taken and till the final risk assessment is made available, there
are certain protective measures which should be carried out. They are based on the results
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obtained for doses and risks, with the conservative assumption that the specific radioactivity
values are equal to the highest obtained by measurement. Bearing upon such an assumption,
the following protection measures are proposed:

1. Limiting the duration of time spent at the pile to an average of about 4 hours per
worker daily and monitoring the doses received

2. Covering the bare areas of the pile

3. Continuous surveillance or fencing of the pile

CONCLUSIONS

A preliminary assessment of doses and risks for the workers at the pile has been performed
using RESRAD code and PATHRAE method. The latter has also been used for the
assessment of radiation risks for the neighbouring population, brought about by the
contaminated particles and radon transported by wind. The results point out to the following:

1. Workers who spend a longer time at the pile may, under certain conditions, receive
doses in excess to the stipulated ones.

2. Harmful effect of the slag and ash pile on the neighbouring population is relatively
low.

On the basis of such results, recommendations are being given as to (1) measurements to be
taken with a view to providing the final risk assessment and (2) protective measures which
should be undertaken in the meantime.

The results of the final risk assessment will provide an indispensable incoming data for the
cost-benefit analysis. It is the analysis of that type, bearing upon the quantitative indicators,
which will provide grounds for the selection of an optimal radiological remediation option.
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