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Abstract

The present work is performed within the frame of evaluating the radiological impact of the post-closure
stage of the facility for disposal of the radioactive wastes generated in Cuba, including a description of the waste
disposal systems defined in the country, and taking account of significant elements of their long term safety. The
Methodology for Safety Assessment includes: the definition of possible scenarios for evaluation, the
identification of principal present uncertainties, the model simulating the release of the radionuclides of the
facility, their transport through the geosphere, and their final access to man, evaluating ultimately the
radiological impact of the disposal system considering the dose for a critical group. The results obtained allow to
demonstrate the radiological safety of the nominative barrier in the design of the system for the particular
conditions of Cuba.

1. INTRODUCTION

The safety assessment of a radioactive waste disposal system is, besides support to the regulatory
process, a fundamental element in the design, operation and postclosure process of a facility of this
type. [1-3 ]. Starting from the decade of the 80s, Cuba began to carry out the first studies in order to
define a Disposal System of Low and Intermediated Radioactive Wastes generated from the nuclear
applications as well as from its future operation of "Juragua " nuclear power plant. This System will
and should comply with the standards and international recommendations, allowing to isolate these
radioactive wastes in a safe way for sufficient time in which it ceases being dangerous. The safety'
assessment is the fundamental tool that evaluates the behaviour and the safety of the whole system
and allows to predict the possible radiological impact. Due to the characteristics of these types of
wastes the evaluations should take into account the behaviour of the different elements of the system
in long periods of time which complicates the assessment. Several international programs have been
carried out in this thematic area in order to evaluate models, and capabilities of prediction and
validation for radioactive wastes of low and medium as of high activity.

Taking into account the below, starting from the year 1993, the work of safety assessment began
together with the disposal system definition. As a result at the present time we participate in an
international co-operation agreement with the IAEA on this topic.

2. ASSESSMENT METHODOLOGY

The adopted methodology[3] includes the following stages: Fig. [1]
- Assessment context. The Safety Assessment scope is defined, the interval of time to be evaluated,
the regulations, standards, endpoints and safety criteria, that will allow to compare the obtained
results; the design of the system to be evaluated, and the types of radioactive wastes for disposal.
-Description of radioactive waste disposal system. It includes all database necessary' to carry out
the process of assessment, including the type of wastes, design of the facility, characteristics of the
site, biosphere, interactions between different subsystems, etc.
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-Scenarios generation. Identification and definition of all the features, events and processes (FEP)
that could influence the release or transport of the radionuclides from the source (waste) to the
medium (biosphere).

-Consequences assessment. The most appropriate mathematical models are selected according to
the context and scenarios in order to simulate the different phenomena present in the different
subsystems and to estimate the resulting dose.
-Sensitivity and uncertainty analyses. Will be performed regarding the database, the scenarios and
selected models with the objective to show the effect it has on the estimated dose (endpoints), the
variation of the group of parameters, as well as evaluating the residual uncertainty present in the
assessment of the behaviour, due to numerical errors, the models, etc.

-Interpreted results assessment. The final results are compared with the selected endpoint (doses,
risk, concentrations and so on) in order to comply with the safety requirements and acceptance
criteria adopted, evaluating the possible radiological impact of the facility. Finally, it is evaluated if
the result is suitable or not, taking into account the proposed assessment goal, data availability, and it
is decided if this is an adequate safety case, or if there is need to continue the assessment.
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Fig. 1. Safety Assessment Methodology.
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2.1.Characterization of the defined System

A disposal system has been designed a for low and intermediate radioactive waste generated in the
country. It is a near surface disposal facility within rock cavities in a stable geologic medium. The
repository has a system of natural and artificial barriers for the purpose of preventing the movement
of the radionuclides to the environment 1]. The proposed barriers are:

1- The waste form, cement or bitumen.
2- Metallic Drums of 208 litres.
3- Container of concrete (for wastes of intermediate activity)
4- Natural zeolite as filling material between the metallic drums and the container of concrete.
5- Shore up of monolithic concrete of the chambers of disposal of the radioactive wastes.
6- Geologically stable formation and poor permeability (granodioritic rock)

The Safety Assessment divides the disposal system in three areas: the near and far field, and the
biosphere. The first one includes all the processes that occur from barriers 1-5, the far field refers to
all the transport that takes place in the geological medium (geosphere), and the field biosphere is
related to the radiological impact in the environment.

2.1.1. Near field

This includes all the parameters defined for the system of disposal [1] and that will be specified by an
investigation group of geological/hydrogeological engineers also considering environmental aspects.
The repository will be located in a medium stable geological formation to an approximate depth of
30m. The facility will consist of eight horizontally connected rooms linked to the surface by three
vertical shafts, in which the disposal of the radioactive wastes will be carried out properly compacted
maintaining enough reserve space.
Total area of the repository: 165720 m^
Amount of waste for disposal: This facility will dispose all the wastes of low and intermediate
activity generated by the operation of two blocks of the Juragua" NPP and wastes produced during
100 years for the users of nuclear techniques.
Amount of radioactive waste:
- Low activity -9500 m3
- Intermediate activity —2800 m3 of conditioned waste from the NPP (bituminated and the others
wastes cemented).
- Main isotopes Sr90, Csl37, Co60

2.1.2. Far field

It is one of the principal barriers, which is characterised by a massive granodioritic formation with
several lithologic types such as: Diorits, cuarcidiorits of the Upper Cretasic. The tectonic is simple,
the site is away from the principal tectonic structures of the area and there are not, as of the level of
the current study, important faults near the site. The most probable geological profile is:
- 1 s t layer, loamy sand 0 to 15 m.
_2nd layer, cracked granodiorit 10 to 20 m.
-3rd layer, unaltered granodiorit more than 20 m.
There are physical- mechanical data of the rock, taken from an area near to the site, which were
utilised in the model selection.
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2.1.3 Biosphere

The site [2] is located in a region with an approximate population of 20 000 inhabitants, with
cultivation of citrus fruits and agricultural activities in general. The main town is about 3 km away
from the site. A possible way of access of the radionuclides is by the underground water and well
uses in the area.

2.2. Scenarios assessment

During the site selection process the probabilities and associated impacts of different natural and
man-made events were evaluated, using an expert judgement approach. From a FEP list including all
important events or processes, we selected the possible scenarios:

Natural events Human activities

- Hurricanes - Plane crash
- Earthquakes - War or sabotage
- Extreme Winds
- Flooding

The following events were considered during the site selection process and their impact was reduced
to the minimum or discarded completely: other possible events such as human intrusions,
perforations, construction of houses in the area, and search for minerals also formed part of the
process of site evaluation of the repository, defining the institutional control of the site after the final
closing of the facility for a period that discards possible dangers. The normal scenario for the post-
closure repository is defined as the radionuclides leaching from the repository, taking into account the
retardation time of the different engineered barriers and their transport through ground water in the
geological formation, and finally the well use by a critical group.

2.3. Consequences analysis

In this stage, an important component is the selection of the model that will be adopted, taking into
account the scenarios adopted and the characteristic specifics of our disposal system.

2.3.1. Model selected in the assessment

A fundamental element in the assessment was the selection of the model [Fig. 2], the computer codes
used, models of the leachability, transport of radionuclides through the geosphere, and the final access
to the biosphere, considering the processes of dispersion, diffusion, advection, retention, radioactive
decay, bioaccumulation, environmental factors, etc. The results of these runs have been compared
successfully with others obtained in International Programs of intercomparison [4].

The adopted model utilises for the source term the inventories of the different isotopes, their natural
decay, a term of lixiviation from the Repository and the retardation of the different nuclides by the
different engineered barriers. The submodel of transport through the geosphere uses the solution of
the equation of transport, considering phenomena of dispersion, diffusion, advection and retention.
Finally, the biosphere submodel defines the final incorporation of the radionuclides from an aquifer
to a well, where it is incorporated into a critical group.

2.4. Sources of Uncertainty

In the Safety Assessment there are different sources of uncertainty, in the input parameters, in the
adopted model, in the scenarios, etc. Thus, we should take much care to define the radionuclides to be
evaluated, their current activities in the Near Field, and it should be clear which roles are played by
the different engineered barriers (containers and packing,) in the retardation or limitation of the
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Fig. 2. Adopted model.
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releases of the radionuclides present. In the Far Field, there are uncertainties from estimating the
hydrogeological parameters of the hydrochemistry performance of the underground waters and,
finally, in the biosphere from establishing the scenarios with the possible ways of access to man. The
adopted model should take into account the simplifications carried out, the form of solution of the
different equations, their implementation, etc.

In a general form these sources of uncertainty could be reduced by means of realising complex
engineering investigations interrelating geological, hydrogeological and economical aspects of the
Site that allows us to establish the most realistic database of the area and completes our information
on the different elements that constitute our Disposal System.

3. OBTAINED RESULTS

An assessment of the more important parameters of the adopted model was carried out, mainly the
lixiviation and the retardation factor. These parameters were evaluated determining their ranges of
fluctuation and comparative importance in the responses of the utilised model. The preliminary runs
varying the value of the lixiviation, allowed us to define a value of 0.1 that represents a 10% annual
(of the initial inventory ) release from the repository for which we obtained the most significant value
of dose [Fig.3]. This parameter was utilised for the following runs, since this value of lixiviation was
quite conservative according to the characteristics of the Repository.
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Fig. 3. Lixiviation analysis.
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The retention was evaluated taking into account the specific characteristic of the site according to the
geology of the area. This parameter also affected the chemistry composition of the underground water
and the pH value. After evaluating its behaviour the most real data were taken with a certain margin
of safety. Finally, as a result of the different runs, the annual maximal dose was obtained for each of
the selected isotopes and the time [Table 1].

TABLE 1. PEAK DOSES AND ASSOCIATED TIMES

Isotopes

Cs137
Sr90
Co 60

Doses
peak
[Sv/y]
1.39*10-°
2.27*10"6

2.13*10"15

Time
[years]

268
217
90

The low doses obtained are the results of other elements, such as the quality of its geological cover at
the site where the repository has been located. This is an important element in the design of the
System of Disposal, for which it is fundamental to correctly characterise the geological formation in
the facility site in order to estimate accurately their future behaviour.

It could be noted from the obtained results that the important doses are associated to the Sr 90, which
are of the order of 2.3* 10"^ Sv/ year , below the value of individual annual permissible dose (1
mSv/y) for the public. In Fig.4 we can see the distribution of the dose over time and the contribution
to the total dose by each isotope mainly due to Sr 90, then to Cs 137 and finally to Co 60, which has a
poor influence in the normal scenario, taking into account ingestion of contaminated well water
associated with more important doses.
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Fig. 4. Doses vs. time.

4. CONCLUSIONS

- The radioactive waste disposal system evaluated is safe, taking into account the possible limitations
of the mathematical model. The real and estimated parameters were conservatively utilised,
decreasing the possible margin of error. The annual total dose never exceeded the established range of
standards and international recommendations considered for the evaluated scenarios.
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- The favourable characteristics of the geological formation where the facility is being located, plays a
fundamental role in the safety of the Disposal System, restricting movement of the radionuclides
through the geosphere, allowing to reduce the possible radiological impact of the Repository.
- Is important to conduct further investigations, which will allow us to improve the safety assessment,
increasing our level of know-how the behaviour of the different specific elements of our Disposal
System.
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