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Abstract. The paper shows the use of a methodology in order to carry out the radiological impact assessment in 

non-human species (animals and plants) from a planned radioactive waste disposal facility. The application of 

modelling tools to simulate the behaviour (release and transport) of the radionuclides through the engineered 

barriers and the geosphere, and its final access to the soil and a river are described too. To evaluate the compliance 

with the adopted biota dose limits, were used the calculated maximum radionuclide concentrations for different 

environmental compartments (water, soil and sediment). Preliminary the results showed that the Radiological 

Biota impacts are acceptable according to the adopted criteria (Radionuclides concentrations below the Biota 

Concentration Guides). The results showed that according theirs impact the more important radionuclides were: 
241
Am/

226
Ra/

137
Cs/

60
Co. The Riparian animals were the more exposed Biota organism. The results support the 

decision making process since could be identified the relevant radiological impact in the environment (plants and 

animals) near to a disposal facility (real or planned). Also the paper identified methodological tools useful to 

evaluate the site acceptance, for the early stages of disposal facilities (site selection process, licensing, etc), in 

absence of real data of radionuclides concentrations in the environment. 
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1. Introduction 
 

Still, how we should be handled the protection of the environment from ionising radiation is not 

explicitly included, at international level, as an criteria or policies for radiation protection. Although 

many international regulations and agreements call for protection against pollution, including 

radiation. The common radiation protection system has indirectly provided protection of the human 

habitat. For years have been mentioned y these systems that the environment protection is bonded for 

the human protection. Unfortunately, the lack of technical basis to establish assessment, criteria or 

standards makes it difficult to demonstrate whether the environment is adequately protected from 

potential impacts of radiation under different scenarios. Recently, the efforts to assess the radiological 

impacts on the environment from human activities have been increased in the framework of 

international projects [1,2].  

 

The radioactive waste management include different activities (storage, transport, disposal, etc.) in 

order to management the waste in a safety way for the environment and the man. Sometimes, the 

inventory of wastes includes relevant activities and long-lived radionuclides, therefore is necessary to 

evaluate the possible environmental impact. Inside the waste management cycle, the radioactive waste 

disposal is a relevant stage where, associated to the period of times (hundreds or thousands of years), 

there is the possibility of radioactive release or exposure to the environment, associated to the 

occurrence of different events (natural or human induced) relevant for the disposal safety.  

 

In Cuba, the Center of Radiation Protection and Hygiene (CPHR) is the institution responsible for the 

radioactive waste management activities, including the final disposal. In recently years a site selection 

process was carried in the country [3] and a favourable site was selected for the radioactive waste 

disposal facility. Several studies have been accomplished [4,5] to evaluate the radiological impact 

from the radioactive waste disposal system, but always the goal was to identify the relevant impacts to 

the man as a critical group, according the current radiation protection standards. The paper shows the 

use of a methodology in order to estimate the radiological impact assessment in non-human species 

(animals and plants), taking into account the routine releases (normal scenario) from a planned 

radioactive waste disposal facility. 



2 

 

2. Materials and Methods 
 

For this work, the key element in the adopted approach to evaluate the radiological impact in the non-

human species was the complete application of the “ISAM” Methodology [6] in order to define 

scenarios, models, etc relevant for a planned disposal facility. Then, the estimated radionuclides 

concentrations in different mediums (water, soil and sediment) in the site were compared with the 

Biota Concentration Guides (BCGs), using the DOE Graded approach [7], to evaluate the relevant 

impact for the biota. The adopted approach combining both methodologies is showed in the Fig.1. 

 

Figure 1. The adopted approach  

The site to be evaluated was selected from a previous site selection process carried out in the 

framework of the national programme for the definition of the radioactive waste disposal system [3]. 

The site is located in the Central part of the country and hosted in granodioritic rock, with favourable 

conditions for the radioactive waste disposal. From the baseline studies were identified the relevant 

environmental characteristics. The site has been degraded for human activities (cultivation, cattle), 

only there is a few endemic species (plants and animals), including natural and seminatural vegetation.  

 

As the planned disposal facility the borehole disposal concept (BDC) was adopted. The BDC is a 

facility designed to dispose the spent sources, the selected conceptual design is similar to others 

adopted in previous studies [8,9]. The BDC is designed to minimise the need of maintenance in order 

to reduce the environmental and human impact.  

 

2.1 The ISAM Methodology 

 

This methodology [6] was applied adopting in the assessment context the following elements:  as  

disposal facility the IAEA Borehole disposal concept, the radioactive wastes include the current 

inventory of disused sealed sources (
137
Cs, 

60
Co, 

226
Ra and 

245
Am). As adopted endpoints were selected 

the maximum radionuclide concentrations in different mediums (soil, water and sediment) and the 

assessment timeframe was 100 000 years. The evaluated scenario assumed the normal release (taking 

into account natural events and processes) of radioactive material from the disposal facility, the 

transport in the groundwater, the discharge to a river from an aquifer and the irrigation from a well.  

The evaluated biota was selected according the site characteristic: the riparian animals and terrestrial 

plants and animals.  

Only disused sealed sources were evaluated in this BDC, and according the available inventory and its 

radioactive characteristics, 4 relevant radionuclides were selected, see table 1.  

ISAM Methodology 

Graded Approach 

EIA Results 

Compartments models, exposure pathways, 

Rn concentrations for soil, water and 

sediments 
Impact assessment using BCGs 

spreadsheet and RESRAD-BIOTA 
software 

Main exposures pathways, radionuclides, 
dose contributions 
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Table 1. Radioactive waste  inventory. 

Radionuclides Inventory Bq Application 

Co 
60
 6.6 E+15 Industrial Radiography 

Cs 
137
 1.27 E+13 Medicine 

Ra 
226
 1.33 E+16 Medicine 

Am 
241
 6.6 E+15 Smoke detectors 

 
The adopted conceptual model is showed in the Fig. 2, and it includes 6 compartments for the near 

field, including the waste form and the disposal containers, the other compartments represent the 

backfill and the concrete walls. Also was modelled the geosphere using ten compartments  and the 

biosphere. This approach allowed modelling the process associated to the release and transport of 

radioactive material through the relevant pathways and the final access to the biosphere. The software 

MODELMAKER version 4 [10], was applied to develop and run the models using the compartments 

approach, in order to simulate the behaviour of the radioactive waste disposal system (near, far field 

and biosphere) according the normal release scenario.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Applied Conceptual Model 

Two of the more relevant transfer process included in the models were; the dispersion and advection 

of contaminant for the different compartments, the used equations were: 

For advective flux: 
RD

q

w

In

leach
ϑ

λ =              (1) 

Where: qIn is the Darcy velocity of water through the medium (m y
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Where: λA,ij is the rate of transfer of a contaminant by dispersion from compartment i to j (y
-1
), ∆X is 

the distance over which the gradient in radionuclide concentration is calculated (m) and xa  is the area 

(m
2
). 

 

The applied parameters to the models were obtained, mainly, from the previous national studies [3,4,5] 

and only in absence of “real” values, international databases [11,12] were adopted.  

 

2.2 Graded approach methodology 
 

Organized through the DOE Technical Standards Program this methodology was developed by the 

Department’s Biota Dose Assessment Committee [7], to evaluate the radiological impact to aquatic 

and terrestrial biota. In this work was implemented using the RAD-BCG Calculator [13], a spreadsheet 

tool for implementing the screening and analysis method. The graded approach includes 3 stages: in 

the first one all information available about sources, receptors, exposures pathways and data of 

radionuclide concentrations in different mediums are summarised. In the second stage a general 

screening is carry out were the maximum radionuclide concentrations are compared with a group of 

BCGs, this stage is more conservative. Finally, in the analysis stage are included more detailed steps 

of analysis: site specific screening, site specific analysis and site specific biota dose assessment. The 

last one is less conservative, but need more data availability. 

 

The general screening phase was adopted with the comparison of the estimated radionuclide 

concentrations in different mediums against each BCG, which represents a limit to assurance that the 

biota dose limits are not  exceeded. Using the RAD-BCG Calculator these values were compared and 

the possible impacts were evaluated.  

 

The BCGs are calculated adopting upper bound default parameter values, this approach assures that 

the DOE absorbed dose limits for the Biota (10 mGy/d for aquatic animals and terrestrial plants and 1 

mGy/d for terrestrial animals) are not exceeded. Also, in order to check if the  Biota dose are below 

the dose limits the RESRAD BIOTA [14] was applied.  

 

3. Results 

 

From the model runs the calculated radionuclides concentration in different mediums (soil, river and 

sediment) were obtained and showed in the table 2. The peak values always are below the BCGs limits 

Preliminary, the results showed that the radiological biota impacts are acceptable according the 

adopted criteria. The more important radionuclides according theirs impact were: 
241
Am/

226
Ra/

137
Cs/

60
Co.  

 
Table 2. Comparison between estimated radionuclides concentrations and BCG 

Radionuclide concentration 

peaks in different 

environmental media (Bq/kg 

or Bq/m
3
) 

Biota Concentration 

Guide 

(Bq/kg or Bq/m
3
) Radionuclides 

Soil Water Sediment Soil Water Sediment 
137
Cs 3.1E-5 8.9E-8 4.E-8 8E+2 2E+3 1E+5 

60
Co

 4.6E-8 3.6E-10 4.E-10 3E+4 1E+5 5E+4 
241
Am

 3.0E-2 4.1E-5 2.E-4 1E+5 2E+4 2E+5 
226
Ra

 6.2E-5 1.1E-7 8.E-9 2E+3 2E+2 4E+3 

 
The estimated doses were obtained using the RESRAD BIOTA software, see table 2, these values are 

below the established limits. According these results the site pass the screening process and it is 

acceptable, according the radiological impact in the biota, for disposal of radioactive wastes. The 

terrestrial animals are the more exposed biota organism. 
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Table 3. Estimated dose for radionuclide and biota 

Total adsorbed dose in different biota (Gy/d) 
Radionuclides 

Riparian animal Terrestrial animal Terrestrial plants 
137
Cs 5.43E-14 3.86E-11 3.65E-12 

60
Co 8.83E-18 1.63E-15 2.06E-15 

241
Am 1.83E-12 2.08E-10 3.75E-10 

226
Ra 8.54E-13 3.89E-11 6.82E-11 

Total 2.73E-12 2.85E-10 4.47E-10 

 
The adopted approach support the decision making process since could be identified the relevant 

radiological impact in plants and animals living in the proximity of the disposal facility, also provide 

tools to evaluate the adequacy of the selected or proposal site, without “real” measurements of 

radionuclide concentrations in the environment. 

 

 

4. Conclusions and recommendations 

 

• The adopted approach is useful to evaluate the site acceptance (Environmental impact), in the 

early stages of radioactive waste disposal facilities (site selection process, licensing, conceptual 

design, etc), when there is absence of real data of radionuclides concentrations in the environment 

• Preliminary, the results of the environmental impact assessment showed that the Biota impacts are 

acceptable according the adopted criteria (Rn concentrations below the BCGs and the dose limits).  

• The more important Rn according theirs impact are: 
241
Am/

226
Ra/

137
Cs/

60
Co, and the terrestrial 

animals are the more exposed biota organism. 

• Next studies should be included more detailed exposure pathways, models, site specific 

parameters, etc. Also should be evaluated the experience from others EIA approaches (ISAM, 

FASSET, ERICA, BIOMASS, etc) 
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