
 1 

Safety assessment for a disposal option of TENORM wastes coming from 
the electric generation in Cuba. 
 
Dennys Leyva*1 , Reinaldo Gil1, José L Peralta1, Odalys Ramos2 
1Center for Radiation Protection and Hygiene, Environmental Assessment Service 
2Center for Radiation Protection and Hygiene, National Network of Environmental 
Radiological Surveillance  
Calle 20 No 4113 e/ 41 y 47 Playa, CP 11300, La Habana, Cuba 
 
Abstract. The aim of the present paper was the safety assessment for a disposal option of ashes wastes coming 
from the electric generation in Cuba. The ashes are planned to be disposed as subsurface layer, covered with soil 
under controlled conditions. The composition of theses wastes are TENORM (226Ra and 224Ra) and heavy metals 
(vanadium, chromium, zinc), therefore, their disposal should accomplish the national and international defined 
regulations. The adopted safety assessment methodology, allowed the identification and selection of the main 
scenarios to evaluate, the mathematical models to apply and the comparison against the assessment criteria. 
According to the assessment context and the site characteristics, the atmospheric and groundwater scenarios 
were evaluated. During the modelling stage were included the identification of the main exposure pathways and 
the most relevant assessment processes were modelled (transport of contaminants, radioactive decay, etc.). For 
atmospheric dispersion, the SCREEN3 model was adopted, including the radioactive decay and other 
radiological properties. The DRAF model was used for the groundwater scenario. The doses for inhalation, 
external irradiation and foodstuff ingestion were obtained using several dosimetric models. The results showed 
that the 226Ra concentration values were higher than the 228Ra in the evaluation points, for atmospheric and 
groundwater scenarios. This behaviour is influenced by the small radioactive inventory, the shorter half life of 
the 228Ra and the distance between the disposal site and the evaluation points. The obtained external doses were 
always below the dose limits for the members of the public and for all scenarios, including the more 
conservatives. The lower dose (by ingestion) values were associated to the scenarios of radionuclides transport 
through the geosphere. According the safety assessment and the established scenarios, the evaluated disposal 
practice does not represent a relevant negative impact to the environment and the human health. Therefore, this 
practice can be recommended in Cuba for the disposal of ashes coming from the electric power generation using 
fossil fuels. 
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1. Introduction 

The waste management in a safety way is a world-wide problem in order to achieve the sustainable 
development goals. The electric generation industry based on the use of fossil fuels is a relevant 
source of different type of wastes, some of them are hazardous wastes. In the reference [1] is shown 
that fossil fuel combustion (in a form of bottom ash and slag) is a relevant source of TENORM wastes 
production. On the other hand, Pontedeiro, et al. [2] express that industry uses many different types of 
raw materials which contain naturally occurring radioactive materials (NORM). During the process to 
obtain the products from these materials, wastes and by-products containing enhanced natural 
radioactivity material (TENORM) are generated. The three naturally occurring radioactive elements 
238U, 235U and 232Th and their resulting progeny are the main radionuclides present in those raw 
materials or wastes [1]. According to Andrews [3], Radium-226, a decay product of uranium, is a 
particular concern because of the radiologic threat it poses. Moreover, radium solubility and mobility 
are influenced by a number of factors, including the chemical regime of the solution water, 
temperature, pH, and pressure [4]. 
   
 
The oil combustion in Cuba generates several tons of bottom ashes each year. This type of waste is 
classified as a hazardous waste, and it is an important source of TENORM due to the large amount of 
fuel consumed by this industry. Therefore it is an important challenge to provide a safety disposal for 
these types of wastes which are not included in recovery or reuse national strategies. The safety 
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assessment in the waste disposal thematic has been used for different purposes some of them are; 
environmental impact assessment, radiological impacts, risk assessment, evaluation of the disposal 
site, licensing, etc. This paper briefs the application of the safety assessment methodology to evaluate 
the feasibility of the TENORM waste disposal practice. 
 
2. Materials and methods 
 
The applied methodology to achieve the safety assessment of the TENORM waste disposal is showed 
below: 
 
2.1 Assessment context 
 
The assessment goal was to assess in a preliminary way the impact for the environment and the man 
from the disposal of TENORM wastes in a selected site (located in the South East of the Havana City 
province) in order to evaluate the feasibility of the disposal practice. The safety assessment was 
carried out to 24 tons of ashes containing long lived radionuclides (226Ra, 224Ra) and heavy metals 
(Vanadium, Chromium, Zinc, etc.). Therefore the final purpose was identifying the radiological 
impacts.  
 
The assessment endpoint for the radionuclides was the dose limits for the public member. The 
assessment period was until 3000 years from the beginning of the waste disposal. 
 
The impact from the waste disposal practice to four main points which are associated to houses and 
workplaces were evaluated. Details about these areas are described below. 
 
1. Institution A, around 373 m at the NNE from the disposal sites. 
2. Institution B, around 700 m at the SSE from the disposal sites. 
3. Houses 1, around 450 m at the SSW from the disposal sites. 
4. Houses 2, around 1600 m at the W from the disposal sites. 
 
2.2 System description 
 
The disposal practice includes the improvement of the site, mainly the roads and conditioning of the 
soil surface. The disposal will be carried out in four different places, see the figure 1, using a mixture 
of ashes with the soil. Afterwards a land spreading will be carried out as a disposal option 
recommended in the IAEA-TECDOC-1484 [5]. Finally the site will be cover with soil. The 
reforestation of the affected area will be taken into account. 
 
Figure 1: Plant view of the site and the evaluated points. 
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2.2.1 Main parameters  
 
In order to carry out the safety assessment, several parameters were used which represent features of 
the disposal system. Theses data described the characteristics of the waste, the geology of the site, 
meteorology, environment and other relevant features. Some of them are site-specific; others features 
should be collected from the international references. The radioactive composition of the waste and 
other relevant parameters for the assessment are showed in the Table 1 and Table 2.   
 
Table 1: Radionuclide inventory. 
 

 
Radionuclides 

Specific 
activity 
Bq/kg 

Total activity  
MBq 

226Ra 107,8 2.59 
228Ra 16,9 0.41 

 
Table 2: Other relevant parameters for the safety assessment. 
 

Rn 
Transfer 

coefficient for 
milk d/l 

Transfer 
coefficient 

soil/plant  Bq/kg 
of dry soil 

Dose 
Coefficient 
for ingestion 
Sv/Bq 

Dose 
Coefficient 
for 

inhalation 
Sv/Bq 

Dose 
Coefficient for 
external  
irradiation 
Sv/h*Bq*m3 

Half 
life 
years 

Distribution 
coefficient 
for sand 
m3/kg 

 
226Ra 1.30E-03 4.00E-02 2.80E-07 9.50E-06 3.20E-10 1.60E

+03 5.00E-01 

 
228Ra 1.30E-03 4.00E-02 6.90E-07 1.60E-05 1.70E-10 5.75E

+00 5.00E-01 

 
The disposal site is empty area located about 400 m to the SW of the Institution A, with 900 m2 of 
average area; the site is cover mainly with grass and small trees.  
The selected site is placed on sedimentary formations, but the area was filled many years ago with soil 
and clay materials with a constructive purpose. Due the absence of detail information about the soil 
composition in the site, and in order to maximize the possible impacts, a sand lithology was selected. 
Some related parameters are showed in the table 3.  

 
Table 3: Parameters associated to the geosphere. 
 

Parameters Sand Lithology 
Porosity (-) 0.4 

Density Kg/m3 500 
Filtration coefficient m/s 1.0 E-5 

 
Four disposal places with an area of 906 m2 and a possible disposal volume about 90 m3 were 
preliminary identified. The main characteristics of the evaluated points are showed in the table 4. 
 
Table 4: Relevant information for the evaluation points. 
 

Evaluation points Average distance from 
the disposal site (m) 

Relevant wind 
direction 

Institution A 373 SW 
Institution B 700 NNW 

Houses A 450 NNE 
Houses B 1600 E 
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The meteorology data (precipitation, winds) were collected from the "La Quebrada" meteorological 
station (23o 03´ N and 82o 13´ W, altitude 136,6 m)) placed in the institution A. The table 5 
summarized this information.  
 
Table 5: Meteorological parameters. 
 

Parameters 
Annual precipitation mm 1320 
Main wind direction  NNE 
Average velocity m/s 3.68 

 
The wind data for the preliminary safety assessment were processed from the information available for 
1992 (January to December). The wind stability categories, relevant for modelling the atmospheric 
dispersion were obtained through the program "CLIMA". 

 
According to the wind rose the more frequent wind directions during the year in the site are the NNE 
and the NE. This information is very important to identify the relevant assumptions in the scenarios 
generation and justification stage.   
 
The identification of wind stability class is based on the horizontal wind deviation. This parameter is 
related to the atmospheric turbulence. The results are showed in the table 6. 
 
Table 6: Relationship between the stability class and σθ. 
 

σθ Stability class 
            σθ > 22.5° A Extremely unstable 
22.5° > σθ  ≥ 17.5° B unstable 
17.5° > σθ  ≥ 12.5° C Slightly unstable 

      12.5° > σθ  ≥ 7.5° D Neutral 
7.5° > σθ  ≥ 3.8° E Slightly stable 
3.8° > σθ ≥ 2.1° F Stable 
           σθ <  2.1° G Extremely  stable 

 
The E is the most frequent stability class, which has been observed in 7 wind directions. For the safety 
assessment the most frequent stability class was adopted, during the atmospheric scenario model run, 
as real dispersion conditions. The F class was applied in the scenario calculation as conservative 
assumption.  
 
2.3 Scenarios generation and justification 
 
The scenarios were defined in the safety assessment according to the waste characteristics, for the 
evaluated radionuclides (226Ra and 228Ra). According to the assessment context and the site 
characteristics for the radionuclides species, both the atmospheric and groundwater scenarios were 
evaluated.  
 
2.3.1 Atmospheric dispersion scenario 
 
This scenario also includes the atmospheric transport of contaminants by dispersion in the directions 
of the assessment points, where the pollutants are incorporated to the human being by inhalation.  The 
final doses were evaluated from external irradiation and inhalation.  
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2.3.2 Groundwater scenario  
 
This scenario takes into account the dispersion of the radioactive pollutants into the soil and the arrival 
to the aquifer. Finally this contaminated water arrives to a well where the water is used for drinking 
and in the production of milk. The public can receive a dose from ingestion of contaminated water and 
contaminated foodstuff from cattle (milk). A geosphere transport model incorporating processes as 
infiltration, retard, advection, dispersion, etc to modelling the transport of contaminant in porous 
medium is selected. The model DRAF, version 24 [5] uses the transport equations for solutes (by 
mean of the finite difference technique) and it is applicable to radiological species. Finally, the 
contaminant concentrations in the water well are obtained. 
 
2.4 Model formulation and implementation 
 
The adopted models took into account the assessment context and the selected scenarios. The 
modelled processes included the transport of contaminants and the identified exposure pathways.  
 
For atmospheric dispersion, the SCREEN3 [6] model was adopted, but including the radioactive decay 
and other radiological properties. The pollutant concentrations in the assessment point were 
incorporated to dosimetric models in order to evaluate the dose to the public member by inhalation.  
 
Similarly, the DRAF [5] model for the water scenario incorporated the radiological features (half life, 
etc) of the pollutants.  
 
2.4.1 Dosimetric models 
 
In order to evaluate the final doses from the radioactive contaminants several dosimetric models were 
used. According to the exposure pathways the doses for inhalation, external irradiation and 
contaminated foodstuff ingestion were obtained by compartments models described below [7, 8].  
 
Doses by inhalation (Sv/year) 

DfinhbrtCaDinh ⋅⋅⋅=               (1) 
Ca: radionuclide concentration in the air. Bq/m3 
t: Elapsed time in the plume (h) 
br: Respiration rate (m3/hora) 
Dfinh: Dose coefficient for inhalation (Sv/Bq) 
 
Doses by external irradiation in the disposal place (Sv/year) 

DfextTAsDext ⋅⋅= exp               (2) 
As: Radionuclide concentration in the soil (Bq/kg) 
Texp: Exposure time. h 
Dfext: Coefficient dose for external irradiation (Sv/h-Bq/kg) 
 
Doses for water ingestion (Sv/year) 

DfingCaQaDext ⋅⋅=               (3) 
Qa: Daily water ingestion (m3/d) 
Ca: Radionuclide concentration in the water (Bq/m3) 
Dfing: Coefficient dose for ingestion (Sv/Bq) 
 
Doses for contaminated foodstuff consumption (milk) Sv/year 

[ ] DfingTfaTFpAsQpCaCavQDa ⋅⋅⋅⋅+= )(11            (4) 
Ql: Milk ingestion (Kg/y) 
Cav: Cattle water ingestion rate (m3/d) 
Ca: Radionuclide concentration in the water (Bq/m3) 
Qp: Pasture consumption (kg/d) 
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As: Radionuclide concentration in the soil (Bq/kg) 
Tfp: Concentration factor plant/soil Bq/kg fresh weigh/ Bq/kg dry soil 
Tfa: Transfer coefficient to the animal product (d/kg) 
Ding: Dose coefficient for ingestion (Sv/Bq) 
 
2.5 Consequence analysis 
 
In this stage, the evaluation of the results and the comparison with the defined safety endpoints were 
carried out. The doses from the radionuclides presented in the waste were compared with the limits 
identified from the national and international regulations.   
 
3. Results and discussion 
 
The safety assessment results for the hazardous waste disposal are described below according to the 
radionuclides and scenarios. The concentrations for the assessed radionuclides are showed in the table 
7. The values for 228Ra are clearly lower than the 226Ra concentrations. This behaviour can be 
associated to the reduced waste activity and the shorter half life of the 228Ra isotope. For these 
pollutants the calculations identified as the more affected assessment points the Houses A and the 
Institution A for both dispersion conditions (conservative and realistic).  
 
Table 7: Concentrations of 226Ra and 228Ra in air for the assessment points. 
 

Maximum concentration in 
the day (conservative) Bq/m3 

Maximum concentration in the 
day in accordance to the 
stability classes Bq/m3 

 
Assessment 
points 226Ra 228Ra 226Ra 228Ra 

Institution A 7.981E-3 1.24E-3 3.96E-4 6.64E-5 
Institution B 1.507E-3 2.35E-4 1.55E-4 2.41E-5 

Houses A 3.963E-3 6.22E-4 4.43E-4 6.93E-5 
Houses B 2.18E-4 3.41E-5 9.75E-5 1.52E-5 

 
From the DRAF model runs (groundwater scenarios), the results for radioactive contaminants in 
Bq/m3, are showed in the Table 8.  The results include the maximum concentration values and the 
peak time (in years).  

 
Table 8: Maximum 226Ra and 228Ra concentration values in water. 
 

Assessment 
points 

Maximum 226Ra 
concentration in 
water Bq/m3  

Peak time 
years 

Maximum 228Ra 
concentration in 
water Bq/m3  

Peak time 
years 

Institution A 1.01E-1 616 1.52E-17 176 
Institution B 4.38E-2 1520 3.20E-41 435 

Houses A 7.23E-2 930 8.43E-26 266 
Houses B 1.75E-2 2895 0 - 

 
The higher concentration values were obtained for the 226Ra isotope. The Institution A and the Houses 
A were the more relevant assessment points. These results could be strongly influenced by the 
different radionuclides inventories and the decays properties of the radionuclides. The results obtained 
regarding the 228Ra isotope and the Houses B, showed that the concentration and peak time are null. 
This fact can be associated to the small half life of the 228Ra isotope and the distance between the 
disposal point and the Houses B. The values summarized in the table 8 were used for the final doses 
calculation. 
 
The results for the dose calculation in the different assessment points are showed in the table 9. The 
dose for external irradiation was calculated only for a person working in the disposal place.  
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Table 9: Total dose for the evaluated scenarios. 
 

Doses for 
inhalation  
Sv/year 

Doses for water 
ingestion de 
Sv/year 

Doses for 
external 
irradiation 
Sv/year 

Doses for  milk 
ingestion Sv/year 

Total doses 
Sv/year 
 

Assessment 
points 

Ra226 Ra228 Ra226 Ra228 Ra226 Ra228 Ra226 Ra228 Ra226 Ra228 

Institution A 1.33E-
4 

3.52E-
5 2.08E-8 7.65E-

24   2.85E-5 1.10E-5 1.62E-4 4.62E-5 

Institution B 2.52E-
5 

6.64E-
6 8.96E-9 1.61E-

47   2.82E-5 1.09E-5 5.34E-5 1.75E-5 

Houses A 1.65E-
4 

4.36E-
5 1.48E-8 4.24E-

32   2.78E-5 1.08E-5 1.93E-4 5.44E-5 

Houses B 9.08E-
6 

2.39E-
6 3.57E-9 0   2.76E-5 1.04E-5 3.66E-5 3.89E-5 

Disposal 
place     6.07E-5 5.06E-6   6.07E-5 5.06E-6 

 
The total doses values ranged between 10-4 to 10-6 Sv/y. The higher dose values were obtained for the 
inhalation pathways. This result could be influenced by the easy removal of ashes from the soil. The 
more frequent wind direction (NNE) in the disposal site could be another likely cause associated to the 
obtained inhalation doses. 
 
The contaminated foodstuff (milk) ingestion was fairly relevant. Finally the smaller doses were 
obtained for the water consumption pathway, due presumably to the radium precipitation or the effect 
of mobility decrease by the geologic media.   
 
Taking into account that reference values for doses concerning NORM are not included in the national 
regulation [9], the dose limit of 1 mSv/y for the public member was the adopted safety indicator to 
evaluate the radiological impact of the disposal option. The obtained total doses (10-3 to 0.2 mSv/y) 
were always below of dose limit for all scenarios, including the more conservatives. The highest dose 
was close to the 0.3 mSv/y dose criterion recommended by the IAEA [4]. According to the IAEA 
recommendations, this dose limit shall be considered as a reference value on which decisions could be 
based to decide whether NORM residues require regulation or not.  
 
Cuban Standard [9] specifies the exemption levels for sources containing 226Ra in terms of activity 
concentration (10 Bq/g) and total activity (10 kBq). In accordance with the evaluated radionuclide 
inventory, the activity concentration for 226Ra isotope (0.1 Bq/g) is below the exemption levels. 
Therefore this type of source should not require regulation by National Authorities, nevertheless the 
total estimated activity for 226Ra is 2590 kBq, which exceeds the exemption level for total activity. 
This criterion was adopted to justify the achieved safety assessment and the results showed that the 
large wastes volume and the evaluated scenarios were the main factors influencing in the radiological 
impact of the disposal option.  
 
On the basis of the results presented above, the disposal option for TENORM wastes presents a 
negligible radiological impact. Therefore, the land spreading under controlled conditions is a feasible 
solution for the ashes wastes generation in Cuba.   
 
4. Conclusions 
 
The external doses values from TENORM wastes were always below the dose limits for the members 
of the public and for all scenarios, including the more conservatives. Higher dose values were obtained 
for the inhalation pathways. The more relevant radionuclide was the 226Ra, this result was associated to 
the current inventory and its half life. Concerning the assessment context and the established 
scenarios, the evaluated disposal practice does not represent a relevant negative impact to the 
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environment and the human health. Therefore, this practice can be recommended in Cuba for the 
disposal of ashes coming from the electric power generation using fossil fuels. For future works, a 
detailed site and waste characterization should be carried out in order to obtain a more realistic data 
for modelling and minimal uncertainties.  
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