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ABSTRACT 
In Finland, Radiation and Nuclear Safety Authority (STUK) is the authority responsible for 
controlling the use of radiation, including radon in underground mines and excavation sites, as 
well as, at conventional workplaces. Since 1992, an action level of 400 Bq/m3, an annual mean 
of radon concentration during working time, has been applied. If radon concentration exceeds the 
action level, the responsible party is required to take countermeasures to reduce the exposure. If 
remedial actions are unsuccessful radiation exposure of each worker must be assessed by means 
of regular radon measurements and recording working hours. 

This paper presents radon measurements and actions taken in a large underground excavation 
site in Helsinki, where a coal store was excavated underneath an existing power plant. The 
measurements were carried out by taking grab samples using Lucas type scintillation cells.  

In this study large variations in radon concentrations were observed within three years period. 
Reasons for variations are discussed and furthermore recommendations are given for radon 
monitoring procedures in underground excavation sites. 
 

INTRODUCTION 
In Finland, regular monitoring of radon in underground mines and excavations started in the 
early 1970’s. One of the first large excavation sites was Helsinki Metro tunnel where radon 
monitoring started in 19721. Since then regular measurements in all underground mines and most 
underground excavation sites have been made in order to control radon concentrations in 
workplaces and to ensure that the limits set for radon are not exceeded.  

A major revision of the Finnish Radiation Act2 took effect in 1992. Since then the Act has 
covered all work activities involving significant occupational and public exposures to natural 
radiation in accordance with the principles set out in the 1990 ICRP Recommendations3. The Act 
imposes that radiation practices include, in addition to the use of radiation, "operations or 
circumstances in which person's exposure to natural radiation causes or may cause a health 
hazard". According to the Act, radiation exposure due to natural radiation must be investigated if 
there is reasonable cause to suspect that it is or may be hazardous to human health. That includes 
radon in underground mines and excavation sites. 

This paper presents measurements performed during an underground excavation, duration of 
which was over three years. The excavation site was located in an area where elevated radon 
levels were earlier measured in other underground spaces. The study revealed remarkable 
variations in radon concentrations caused by changes in mechanical and natural ventilation. 
 

REGULATORY CONTROL 
In 1992, an action level of 400 Bq/m3 for radon in workplaces was adopted. The action level is 
defined as annual average radon concentration during working hours. Radon action level is a 
concentration of radon above which action must be taken to reduce workers’ exposure.  

The action level is 400 Bq/m3 in workplaces where people are working regularly (1,600 hours 
per year). If the amount of total annual working hours is smaller, radon concentration is allowed 



to be higher (Table 1)4. The same action levels are applied in underground mines and excavation 
sites, as well as, at conventional workplaces. 

Table 1. Action levels for radon in workplaces4. 

Annual working hours Action level 

Regular work  400 Bq/m3 

Less than 600 hours 1000 Bq/m3 

Less than 300 hours 2000 Bq/m3 

Less than 100 hours 6000 Bq/m3 
 

STUK carries out inspections in underground excavation sites, duration of which is over two 
months. If, during the first inspection, the radon concentration is found to be lower than the 
action level and nothing is found to indicate that it would increase as the excavation proceeds, it 
is not usually necessary to recheck the radon concentration at a later date during the excavation 
operation. 

If radon concentration exceeds the action level, remedial action must be taken to reduce the 
radiation exposure. If the actions are not successful in reducing radon concentrations sufficiently 
and the action level is still exceeded, monitoring of working conditions must be arranged in order 
to determine individual doses of workers and to ensure that the maximum values of radiation 
exposure are not exceeded. In this case, the maximum permissible radon concentration is 3000 
Bq/m3 leading to an annual effective dose of 20 mSv, the dose limit for workers. In monitoring 
of working conditions, the individual doses are assessed by measuring radon concentrations in 
different working areas and by recording the working hours of the workers in those areas.  
 

THE EXCAVATION SITE 
Radon measurements were carried out in a large underground excavation site in Ruoholahti, a 
few kilometres from the centre of Helsinki, where a new coal store was excavated underneath an 
existing power plant. Until these days coal for the plant has been stored at ground level but now, 
when the new store is completed the coal will be moved to underground silos.  

On basis of earlier measurements, it was known that radon can occur in the area. Several tunnels 
and other underground spaces are located in the same area, and high radon concentrations had 
repeatedly been measured in connection of earlier excavations.  

The excavation work of the coal store was started early in 2001 and, since September 2003, it 
was followed by underground installation work (machine mounting, finish construction etc.). 
The coal store was completed in June 2004. The store consists of four and a half kilometres of 
tunnel and four underground coal silos. Each silo has a diameter of 40 m and a height of 65 m. 
The lowest point of the store is 126 m below sea level. 
 

METHODS 

Grab samples, which give a short-term radon concentration as a result, are used in inspections of 
mines and underground excavation sites. Long term measurements, such as alpha track 
measurements, can very seldom be used in underground mines or excavation works due to 
special working environment involving moisture, dirt, dust and darkness. Also, it is not always 
possible to place alpha track detector in work area for a long time. Under these circumstances 
grab sampling has been adopted for radon measurement method. Representativeness of the 
results can be increased by frequent measurements in different working areas. 



In this study the measurements were carried out by taking grab samples using Lucas type 
scintillation cells. The results were counted with a Pylon AB-5 equipment (Pylon Electronics 
Inc., Ottawa, Canada). The equipment was regularly, at least every second year, calibrated with 
samples taken in a radon chamber maintained at STUK.  

During inspections, 4 to 11 samples were taken depending on the current amount of working 
areas and the proceeding degree of the excavation. The measurements were always focused on 
prevailing workplaces. In the beginning, some samples were taken also in other areas, for 
example in order to examine radon concentration in the exhaust air. When reasonable, the 
measurements were performed in the same working areas to make the results more comparable. 

The results were compiled so that an average radon concentration, considered representative for 
the whole excavation site, was derived by calculating an arithmetic mean of concentrations 
detected in different working areas. This average concentration was used for the comparison 
with the action level. 
 

MEASUREMENTS, RESULTS AND ACTIONS TAKEN 
The first inspection was carried out four months after the excavation work started. After that the 
measurements were performed one to three times each year. The amount of inspections per year 
depended on the prevailing situation: radon concentration detected during previous 
measurements, changes related to ventilation etc. 

Average radon concentration of the excavation site varied from 50 Bq/m3 to 740 Bq/m3. Average 
concentrations during each inspection are presented in Figure 1. The individual measurements in 
different working areas showed results from less than 20 Bq/m3 up to 1370 Bq/m3. Minimum 
and maximum values of radon concentration in individual measurements are presented in 
Figure 2. The greatest variations during same inspection were detected in April 2003, when 
radon concentrations in different working areas varied from less than 20 Bq/m3 up to 870 Bq/m3. 
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Figure 1. Average radon concentrations (average of individual measurements in different 
working areas). 
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Figure 2. Minimum and maximum values of radon concentration in individual measurements 
(measurements in different working areas). 
 

During the first inspection radon concentration exceeded the action level 400 Bq/m3 in every 
working area and the responsible party for the excavation was requested to take action to reduce 
the radon exposure. Also, monitoring working conditions including regular measurements and 
recording of working hours of each worker had to be arranged until it would be proven that the 
concentration is under the action level. As remedial action, ventilation was improved by 
replacing the fan with a more effective one. Furthermore, the leakage of water was minimized by 
injection. As a result, four months later average radon concentration was decreased to one tenth 
of that before (50 Bq/m3 versus 520 Bq/m3). To some extent, the decrease might have resulted 
from normal seasonal variation. 

In the later stage of the underground work, starting in winter 2003, mechanical fan was no longer 
used and the ventilation was arranged by natural method. Since then, during most inspections, 
the action level was slightly exceeded. After measurements performed in April 2003 and March 
2004, attempts were made to decrease radon concentration by improving natural ventilation (e.g. 
by removing shelters on the top of some shafts, which had been covered during the winter). 
However, no decrease was detected in 2003 and a decrease of only 23 % was detected in 2004 
(Figure 1). Another proof of seasonal variation was received in October 2003 when, without any 
remarkable remedial action taken, the average radon concentration was again as low as 
80 Bq/m3. 

Even though average radon concentration exceeded the action level during most inspections, on 
the basis of all measurements carried out, the annual mean of radon concentration during 
working time was slightly below the action level 400 Bq/m3 during the years 2001 to 2003. In 
2004 a distinct increase in radon concentration was detected. At that time, during technical 
installation work several contractors were operating in the workplace and the workers had 
various working periods in different parts of the underground store. Estimated maximum 
working hours and radon concentrations in due working areas taken into account it seemed 
obvious that action levels would not be exceeded during 2004, either. Although recording of 
working hours was requested, partly as a precautionary measure, it was not necessary to 



determine individual dose of each worker. The annual mean radon concentrations are presented 
in Figure 3. 
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Figure 3. Annual mean radon concentrations. 
 

The greatest variations within an individual working area occurred in an area called 
“refrigeration plant”. Radon concentration in this area mostly was at the level of about 20 Bq/m3 
until March 2004 when it was as high as 1370 Bq/m3. At the last period of the work refrigeration 
plant appeared to be the worst radon area. 

In 2002, the inspection proper was carried out during working time and, to get further 
information about the influence of mechanical ventilation, the measurements were repeated a 
few days later on a Sunday afternoon. During the latter measurements the ventilation had been 
out of operation for 28 hours. In both cases the samples were taken in the same five locations. 
The average radon concentration was found to rise from 380 Bq/m3 to 1200 Bq/m3. 
 

CONCLUSIONS 
The study demonstrated that, during long-term excavation works it is necessary to repeat the 
measurements, for example, during different seasons. Regular monitoring is important especially 
if the conditions related to ventilation change significantly or if high radon concentrations often 
occur in the neighbourhood. 

The survey performed in 2002 proved the importance of proper ventilation. The measurements 
were carried out while mechanical ventilation on action and then repeated after the ventilation 
had been out of operation for 28 hours. The radon concentration increased from 380 Bq/m3 to 
1200 Bq/m3. 

As excavation proceeds and during other underground work subsequent to excavation, effective 
ventilation often becomes more difficult to be arranged. In this case, during the second half of 
the working period, mechanical fan was no longer used and the ventilation was arranged by 
natural method. High radon concentrations were detected especially during installations in the 



latter part of the work. The results showed that regular monitoring is important also during 
technical installation and other underground work activities. 

Measurements in the refrigeration plant proved that great variations in even one area may occur, 
mainly as a consequence of changes in ventilation. Actually one of the lowest values and the 
highest radon value were discovered in this very same place. It is important to repeat a sufficient 
number of measurements in different working areas and not, because of previous results, to 
neglect measurements in some areas.  

The effect of remedial action on radon concentrations can not always be evaluated by means of 
before-after measurements, especially if the interval between measurements is several months. In 
Finland seasonal temperature varies greatly influencing the rate of natural ventilation in 
underground spaces and thus affecting also on radon concentration. In this study, results of 
measurements performed in the late autumn were 50 Bq/m3 to 80 Bq/m3 whereas measurements 
performed in spring or summer showed average results from 380 Bq/m3 up to 740 Bq/m3 
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