
 *Presenting author, E-mail: bea t r iz . rob les@ciemat .es  1 

Radiological investigation in the boiler’s maintenance operations in a Coal-
Fired Power Plant 

Beatriz Robles*1, Juan C. Mora1, David Cancio 1, Antonio Baeza2, José A. Corbacho2  

1Radiological Protection of the public and the Environment Unit, CIEMAT. Avda. Complutense, 22, 
28040, Madrid, Spain 

2Environmental Radioactivity Laboratory, University of Extremadura. Avda. De la Universidad s/n, 
10071, Cáceres, Spain  

 

Abstract: As part of a study being performed in the four biggest coal-fired power plants in Spain, the formation 
of scales of radioisotopes in parts of the heat recovery system was investigated. This effect should be more 
important in the case of 210Po and 210Pb. Thereby, it is likely in given specific chemical conditions that scales 
could be formed with a high concentration of 210Pb, probably in secular equilibrium with 210Po and 210Bi. Those 
scales could reach activity concentrations of some hundreds of Bq g -1. 

In order to study within the boiler this scale formation, an investigation during the maintenance operations 
programmed in the “Compostilla” coal-fired power plant (Ponferrada—Spain) was carried out. Those operations 
are performed each 2-3 years and last for around 30 or 40 days. 

Measurements of ambient dose equivalent (H*(10)) in the boiler before and after the entrance of the operators, 
together with beta surface contamination on the bottom ashes attached in the walls and on the tubes, were 
performed. The last measurements were carried out for screening purposes in order to select those areas on the 
tubes which could present Po scales. Even if chemical conditions are in general oxidising within the boiler, since 
conditions are not homogeneous, some zones were localized in which surface contamination was measured. In 
these spots, samples were collected and then measured in the laboratory. 

Moreover, an analysis of maintenance tasks, used personal protection equipments, working times and other 
important parameters was also carried out. This analysis is important in order to perform radiological 
evaluations, as realistic as possible, of the effective doses that could be received by maintenance operators. 

In the present study, the values of the measurements performed and the results of the assessment of the effective 
doses for the workers are presented. 
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1. Introduction 

This work is part of a wider study, whose main objective is determining the effective dose that the 
workers and the public around the four biggest coal-fired power plants in Spain could receive. Here a 
supplementary study is presented, being its objective the determination of the radiological impact in 
the workers that perform maintenance operations inside the boilers of these installations. The objective 
of the study has been addressed to study the possibility of formation of lead and polonium scales, 
which could then be enriched in 210Pb and 210Po, over the tubes which form the heat exchangers of 
these boilers. These scales, however, could appear only under certain chemical conditions. 

Usually, the enrichment in by-products of natural radionuclides, related to the contents in coals, 
depends on the quality of the coal used, the temperature reached in the boiler, the gases filtration 
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systems used and the physical and chemical characteristics of the compounds in which these 
radionuclides are present as part of the coal. 

Among the possible  concentration effects (Figure 1), formation of 210Pb-enriched scales has been 
documented in one published study where the characteristics of these scales were analyzed [1]. Those 
scales appeared on the outer wall of the tubes that are part of the heat exchangers. That study showed 
that there exists a high probability of formation of these scales in reducing conditions, also increased 
when high chlorine content coals  are used. The specific activity measured in that study reached some 
hundreds of Bq g-1. 

The formation of these scales can be explained because it is known that some elements, present in the 
decay chains of U and Th, have low boiling temperature in relation to the temperatures reached inside 
the boilers. Thus for Pb the boiling temperature is 1740ºC, for Bi 1560ºC and 962ºC for Po, all of them 
in their metallic  form. Inside the boilers temperatures ranging 1200ºC to 1800ºC can be reached, 
depending on the type of boiler. 

Figure 1.- Materials flux in the coal combustion. The values correspond to measurements carried out 
for 210Pb and 210Po, part of the natural decay chain of 238U. 

 

In a radiological evaluation for workers a value of 100 Bq g-1 for 210Pb was used [2]. The result 
obtained in that work was approximately 100 µSv a-1, a value well below the dose reference levels 
used for NORM workers. In other study generic oxidant conditions were supposed, using as 
hypothesis that in these conditions the appearance of lead scales is very unlikely, and then can be 
considered negligible  [3]. 

In order to verify this behaviour in the 210Pb-210Bi-210Po subchain inside the boilers, several 
observations and measurements were performed and their results are presented in this study. 

2. UPT Compostilla – Boiler description 

The work was performed in the UPT Compostilla II. This plant is placed in Ponferrada (León – Spain), 
in the northeast of Spain. This plant has a total installed power of 1200 MWe in 5 groups, although 
nowadays only 4 of them are working. It uses three types of fuel: bituminous coal, lignite and coke  
which reach the plant by trains and trucks. 

The stoichiometric conditions inside this boiler are oxidants in general, but they are not homogeneous 
in all its volume, with reducing conditions in some zones. 

This study uses as initial assumption that, at least the polonium, which possesses a low boiling point 
related to the temperatures reached in the combustion, could accumulate in the external part of the 
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tubes that form the heat exchanger of the boiler. In this case chemical conditions are not taken into 
account. In order to prove this assumption measurements were done to determine the existence of 
scales of these metals in the tubes. 

3. Sampling and Measurements 

Measurements were performed in three well differentiated phases (Figure 2) which are in accordance 
with the different tasks carried out in the maintenance works. 

Figure 2.- Scheme of the boiler of Compostilla II. Marked in red are the points where H*(10) was 
measured from the external parts of the boiler; in blue the points where H*(10) and β contamination 
were measured inside the boiler; and in green the points where tubes were sampled for laboratory 

measurements. 
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In a first phase of the study equivalent ambient dose rates (H*(10)) were measured inside the boiler, 
taken from the external part of it. These measurements were performed immediately after the stop of 
the plant for its maintenance. In the initial works the maintenance tasks consist in initial cleaning of 
the zones to access the boiler, and in those areas that can be reached with air blowers. These tasks 
imply an elevated suspension of particula te matter in the air. Moreover, during this phase a great 
quantity of fly ashes and bottom ashes accumulated in different points in the boiler remained, and this 
cause the greatest contribution to the measured H*(10). 

In a second phase of this study, H*(10) and surface beta contamination measurements were done inside 
the boiler. In this case the preliminary cleaning of most of the accumulated ashes has already been 
performed, and a deeper cleaning of the bottom ashes embedded in some places of the boiler and the 
rest of the ashes is carried out. This work is performed by means of pneumatic hammers and blowers. 
Moreover those tubes damaged by the corrosion caused by the combustion gases during the operation 
period, are substituted. The measurements carried out are addressed to indicate where 210Pb scales 
could be found, if finally they are produced under the chemical conditions in which Compostilla plant 
works. 

The third phase of this study was centred in the determination of possible polonium scales in those 
zones where surface beta contamination measurements, carried out in the second phase of the study, 
were higher. To do it tube samples from the zones of interest were requested to the plant. On these 
samples a chemical attack on the surface was performed by using a mixture of acids (nitric and 
chlorhidric), measuring by alpha and gamma spectrometry the dragged matter. 

3.1.- First phase: H*(10) measurements in different heights of the boiler 

Different measurements of H*(10) were performed in those points where access was possible during 
the cooling phase, previous to the beginning of the maintenance works carried out inside the boiler. 
For this reason, during measurements, ashes deposits in the boiler had not yet been removed (Figure 
3). 

Figure 3.- Bottom ashes deposited on the boiler’s tubes. 

 

Measurements were carried out by means of gamma spectrometer Inspector 1000 from Canberra, 
which uses a 2’’x2’’ NaI(Tl). 

Cleaning works in this phase are performed from the outer part of the boiler, using the access for 
persons, and the operators use appropriate personal protective equipment (PPE) for the conventional 
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risks of these works (mainly  suits and protective respirator filters). These works create a dusty 
environment that makes necessary to consider both effective dose components: due to external 
exposure and due to the inhalation of the resuspended particles in the air. Only a fraction of these 
particles, mainly formed by fly ashes, are inhaled because of the use of respiratory filters by workers. 

3.2.- Second phase: In-situ surface contamination measurements in different locations 

Once the first cleaning was performed by the maintenance operators by means of blowers, 
maintenance works in the inner part of  the boiler begin (Figure 4). At the same time that these works 
are performed, and in order to locate possible 210Pb scales, in-situ surface beta contamination 
measurements were carried out. This was made by means of a contamination probe S.E.A. CoMo-170 
which uses a 170 cm2 ultrafine plastic scintillator associated to a zinc sulphide layer. Also H*(10) 
measurements were performed using the same method described in the first phase.   

In this case maintenance works consist in a deeper cleaning of the tubes and in the cut of those tubes 
damaged during the plant operation, for their substitution,. In this case the use of PPE by workers was 
also checked. 

Figure 4.- Tubular beams of the heat exchanger. 

 

3.3.- Third phase: Laboratory measurements of the matter dragged in  the acid attack of the surfaces. 

In every zone, where the values of beta contamination measurements were considerable , samples of 
replaced tubes were requested to the plant, in order to perform further laboratory determinations. The 
method used in this case was an acid attack on the surfaces of the tubes, carrying out measurements by 
alpha and gamma spectrometry on the dragged matter. 

Those measurements simultaneous ly determined removable and fixed contamination. The results of 
the measurements can therefore be used to determine the effective dose due to the inhalation of the 
suspended particles in the air during the maintenance tasks. 
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4. Results  

The H*(10) results obtained in the different measurement points outside the boiler, during the first 
phase of this study, are presented in table 1. 

Table 1.- H*(10) measured in several point from the outer part of the boiler during the maintenance.  

Point identification H*(10) 
µSv h-1 

Background 1. Level 33 m. 0.010 
Background 2. Level 33 m. 0.011 

Background 3. Level 0. 0.028 
Point 1. Level 33 m. 0.087 
Point 2. Level 33 m. 0.050 
Point 3. Level 30 m. 0.054 
Point 4. Level 24 m. 0.042 
Point 5. Level 20 m. 0.053 
Point 5. Level 10 m. 0.105 
Point 6. Level 7 m. 0.094 
Point 7. Level 0 m. 0.065 

The results for in-situ surface contamination and H*(10), measured in the second phase of this study 
are presented in table 2.  

Table 2.- H*(10) and beta counting measurements inside the boiler.  

Point identification H*(10) 
µSv h-1 

β counting  
cps  

Point 8. Level 37 m. 0.026 19-20 
Point 9. Level 37 m. 0.015- 0.021 20 

Point 10. Level 28 m. 0.053-0.060 40-47 
Point 11. Level 28 m. 0.014-0.016  
Point 12. Level 10 m. 0.020  
Point 13. Level 10 m. 0.020-0.024  

Point 14. Level 10 m. 0.050-0.060 40 in the front  
120 in the lateral  

Point 15. Level 0 m. 0.036-0.040 85-87 
Point 16. Level 0 m. 0.1 37 

The results for alpha and gamma spectrometry carried out in the laboratory in the third and last phase 
are presented in table 3. In this case measurements correspond to the activity on the surface of the 
tubes which was chemically attacked to extract possible lead or polonium deposits. 

Table 3.- 210Po surface activities measured in selected tubes. 

Sample description Surface 
(cm2) 

210Po 
(mBq cm-2) 

Boiler’s water walls 573 3.6 ± 0.6 
On radiant  204 25 ± 6  
On radiant 204 18 ± 4 
On primary 645 29 ± 6 
On the end  283 24 ± 6 
Reheating 795 7.0 ± 1.1 
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4.1.- Radiological assessment 

Using the measurements previously described, some dose estimations were made for workers involved 
in these maintenance tasks.  

For the first working phase, carried out in the outer part of the boiler, table 1 measurements can be 
used. The average background for H*(10) outside the boiler is 0.016 µSv h-1. Some H*(10) values are 
relatively high related to the background, being the higher values those measured at the points 1, 5 and 
6. The values, subtracting the background at the same levels, are 0.077 µSv h-1 at the first two points 
and 0.066 µSv h-1 at the last one. The higher value of H*(10) can be used as a conservative 
approximation. 

Considering that workers devote 8 hours a day during the first week (7 days) in the maintenance jobs  
(56 hours in total), the maximum value for the external component of the effective dose would be 
4.3µSv over the background. 

For the internal component of the effective dose, an air concentration value of 0.01 Bq m-3 was 
supposed. This value was considered adequate for environments with elevated content on suspended 
particles and for the specific activity values measured for fly ashes in coal-fired power plants. Using 
this value and considering no protective equipment, a value of 364 µSv can be calculated. 

Considering the data provided by the installation, the maintenance tasks are performed using FFP1 
type masks. These masks present minimum efficiencies of 78% for particles [4], and the real activity 
concentration in the air inhaled by the workers that use these masks, should be corrected with this 
value. Thus the internal component using this correction factor would be 80 µSv. The effective dose 
(sum of external and internal components) for the workers which performs these tasks would then be 
84 µSv during the first week of works. It has to be noted that this value is calculated without 
considering any background for the internal component. 

Inside the boiler, and using an averaged H*(10) background of 19 nSv h-1, a maximum of 41 nSv h-1  
over the background was obtained. If the remainder 33 days (of a total of 40) these workers work for 8 
hours per day, the external component for the effective dose would be 11 µSv. 

To take into account the internal component for these workers, instead of performing an effective dose 
assessment, a different approach was used. In this case the importance that 210Po and 210Pb scales could 
have for workers from a radiological protection point of view was estimated. For this reason the values 
obtained in the laboratory measurements were compared with the derived surface contamination limits 
(DSCL), calculated by Delacroix et al. [5]. These DSCL were calculated in that study for different 
conditions and 108 radionuclides. They included 210Po and 210Pb, both considered in this paper.  

DSCL are quantities that allow the estimation of the radiological risk due to a removable or fixed 
contamination on a surface. Their meaning is that an exposition at those contamination levels , in a 
normal annual occupational exposure of 2000 working hours, would lead to the annual dose limit for 
workers. The considered dose limits were 20 mSv a-1 for whole body external exposure, inhalation and 
ingestion and 500 mSv a-1 for skin due to an external exposure.  

The derivation of those levels was performed considering a model that use four exposure pathways 
and their associated transfer factor: 

• Transfer of surface contamination to the atmosphere leading to internal exposure through 
inhalation (Asatm), 

• Transfer of surface contamination to the organism through ingestion (Asingestion), 

• Transfer of surface contamination to the skin leading to external extremity exposures (Asskin) and 
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• Whole body exposure due to surface contamination (Assurf). 

The DSCL were defined by the expression: 

surfskiningestionatm As
1

As
1

As
1

As
1

DSCL
1

+++=         (1) 

Where Asj values are the activities per unit surface area of the contaminated zone leading to annual 
limits due to each considered (separately) exposure pathways. 

The models used for each component appear detailed in the cited document. Moreover, in the case of 
alpha emitters, as is the case of 210Po, an additional lower level of 0.04 Bq cm-2 was imposed, this level 
is widely used as generic surface contamination level for the release of solid materials from nuclear 
facilities [6]. 

From those DSCL, derived limits for removable and fixed contamination were determined, being the 
limit for removable contamination 1/10 the DSCL, and defining in the case of fixed contamination the 
derived level as the value corresponding to a whole body exposure of 1/10 the annual dose limit of 20 
mSv from a uniformly contaminated soil.  

Those surface contaminations limits, derived for both considered radioisotopes in this study, are 
presented in table 4. 

Table 4.- Derived contamination limits for the radioisotopes considered, in mBq cm-2. 

 210Po 210Pb 
Removable  300 500 

Fixed 3000 5000 

In the studied case, tasks are carried out each 2 to 3 years and with 30 to 40 days duration. Considering 
conservatively that the workday for the boiler’s maintenance workers is 12 hours a day along those 40 
days, resting for 1 day each 7, a total of 456 working hours is obtained. This implies that, in order to 
reach the occupational dose limit (20 mSv a-1), the derived levels could be 4.4 times greater. However, 
since for NORM workers, which are not considered occupationally exposed workers, the reference 
effective dose level is 1 mSv a-1, DSCL values 20 times lower should be used. This means that finally 
can be used values 4.5 times lower. That implies 67 and 667 mBq cm-2 for removable and fixed 
contamination for 210Po, for which values are more restrictive. 

In all the laboratory measurements, levels below derived contamination limits (table 4), recalculated 
with the correcting assumptions, were observed. For removable contamination values at least 2 times 
lower were obtained, while for fixed contamination this value reach to a factor 20. 

5. Conclusions  

The objective of the present study was to determine the possible  appearance of 210Pb accumulations 
inside the boilers of the coal-fired power plants, under chemical conditions different than reducing and 
using high chloride content coals [1]. In the study it was verified that, in spite of the boiler conditions, 
which are oxidants in general in the studied coal-fired power plant, 210Pb and 210Po scales were 
measured. This can be due to the heterogeneity on physical and chemical conditions inside the boiler, 
which can present in its volume both, oxidants and reducing conditions.  

Moreover, the production of polonium scales could be predicted, taking into account that the effects of 
high temperatures, that produce lead scales in the tubes from the heat exchangers, can also produce 
polonium scales, since polonium is an element with a low boiling point, compared with the 
temperatures that can be reached inside the boilers. This effect was verified in the measurements 
carried out in the study. 
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Variable dose rates were measured along the distribution in the boiler of the studied coal-fired power 
plant. The differences that were found can be attributable mainly to the high fly ashes concentration 
produced in some areas. These dose rate levels could cause effective doses of around 84 µSv a-1 in the 
initial phase of the maintenance work, for the conditions considered in this study. If those working 
conditions are the same during the rest of maintenance tasks, a maximum dose of 292 µSv a-1 could be 
reached. 

This result indicates that, even if tasks inside the boiler are performed without the use of protective 
equipment and only considering removable contamination, the measured levels, under the working 
conditions considered, would not be relevant from a radiological protection point of view. 

Relatively high values for 210Po were obtained in the surface contamination measurements made in the 
tubes from the boiler, selected because of their alpha/beta in-situ determined levels. However, a 
comparison of these levels with derived levels for removable and fixed contamination indicates that 
the effective dose due to the 210Po and 210Pb scales would be lower than 1 mSv, even using 
conservative assumptions in the evaluation. 

It can be concluded that these 210Pb and 210Po accumulations inside the boilers of coal-fired power 
plants could be a possible problem for waste management of these NORM materials. Nevertheless, 
since this is a preliminary study, further investigations need to be done to obtain more detailed 
evaluations, under more realistic assumptions and in different installations. These studies could be 
done coinciding with programmed maintenance tasks in those installations. 
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