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SUMMARY 
Occupational doses from radon daughter exposure in different 
underground environments in Norway have been estimated. 
Monitoring programs have been undertaken in mines, hydroelec
tric power stations, defence installations and tunnels. Based 
on these measurements the average effective dose equivalent 
and the corresponding collective effective dose equivalent 
have been estimated. 
Hydroelectric power stations is the largest group. In 1984/85 
measurements were performed in about 130 of the about 150 
facilities in Norway. The average radon concentration was 
found to be about 270 Bq/m3 and the corresponding average 
annual effective dose equilvalent to be between 2 and 2.5 mSv. 
In 1984 there were about 19 mines in operation in Norway. 
Based on our measurements the average radon concentration in 
mines was found to 260 Bq/m3 and the correspoonding average 
annual effective dose equivalent to be 3.4 mSv. However, at 
the time being there are only 10 mines in operation and the 
number of miners has been reduced from about 1400 in 1984 to 
about 900 in 1990. Our measurements shows that the average 
level of radon in defence installations and tunnels is less 
than in mines and hydroelectric power stations. 
The total collective effective dose equivalent for workers 
under ground in Norway is estimated in this paper to be 
between 5 and 7 manSv. 
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SAMMENDRAG 

Vi har beregnet den årlige effektive doseekvivalenten og den 
korresponderende kollektive effektive doseekvivalenten for 
forskjellige yrkesgrupper under jord i Norge. Måleprograia har 
blitt gjennomfart i gruver, kraftverk, militæranlegg og 
tunneller. 

Arbeidtakere i kraftverk i fjell representerer den største 
gruppen. Av totalt ca.150 kraftverk ble det i 1984/85 målt i 
130 anlegg. Den gjennomsnittlige radonkonsentrasjonen ble 
beregnet til 270 Bq/m3 og den gjennomsnittlige årlige 
effektive doseekvivalenten til mellom 2 og 2.5 mSv. 

I 1984 var det ca. 19 gruver i drift i Norge. Utfra malinger 
ble den gjennomsnittlige radonkonsentrasjonen beregnet til 
260 Bq/m3 og den årlige effektive doseekvivalenten til 
ca. 3.4 mSv. Antall gruvearbeidere har blitt redusert med 
årene og er nå nede i ca. 900 stk. 

Våre malinger viser at radonkonsentrasjonene i militæranlegg, 
tunneller og andre anlegg under jord, gjennomgående er lavere 
enn i gruver og kraftstasjoner. 

For arbeidere under jord i Norge er den totale kollektive 
effektive doseekvivalenten beregnet til å ligge mellom 5 
og 7 manSv, fordelt på totalt ca. 3000 arbeidstakere. 
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1. INTRODUCTION 

In 1980 there were 23 mines in operation in Norway and a total 
of about 1400 miners. At the beginning of 1990, the number of 
mines had been reduced to 10 and the number of miners to less 
than 500. Some of the mines have been closed down or changed 
to opencast mining. 
Norwegian mines are typical non-uranium mines. Most of them 
are coal or metal ore mines. In the last 20 years extensive 
survey programs on radon and radon daughters in Norwegian 
mines have been undertaken (1-4). In the eighties all mines in 
operation were monitored. 
Hydroelectric power is the main source of electricity in 
Norway. In 1986, about 95% of the total supply of electricity 
came from hydroelectric power production (9). Most hydro
electric power stations in Norway are located under ground. 
These environments have been subject for extensive measurement 
programs of radon and radon daughters (4). In 1984/85 measure
ments of radon were performed in about 130 out of the total 
150 production units. Follow-up measurements have been 
undertaken in about all of the units since 1987. 
Most of the passive measurements have been performed by the 
"ETB detectors", which is a combination of charcoal and TLD 
(8). The integration time in the measurements is usually three 
days. 

2. MINES 
In table 1, a distribution of the measurements performed in 
1984/85 are shown. The mean values are representative averages 
of a number of measurements in each mine. Based on the 
measurements the average radon concentration in mines was 
estimated to 260 Bq/m]. 
Stranden t Strand (5) measured unattached fraction, f_ , and 
equilibrium factor, F, in different atmospheres. The generally 
lower unattached fraction in nines can be explained by the 
higher aerosol concentration. Comparing the equilibrium 
factors of Stranden * Berteig (2) in mines with those of 
Stranden (6) for dwellings, it seems as though the equilibrium 
factor has a much broader range interval in mine atmospheres 
than in dwellings. This can be explained by the different 
conditions with respect to aerosol size, aerosol concentra
tion, ventilation, plate-out, etc. 
The average equilibrium factor for Norwegian mines is 
estimated to F - 0.45 (95% confidence interval of the sample: 
0.15 - 0.85). According to Stranden and Strand (5) this 
corresponds to an unattached fraction, f_, of between 
0.03 - 0.08. 
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In Norwegian mines, thoron daughters are generally of far less 
radiological importance than radon daughters. On the average 
the contribution from thoron daughter exposure is estimated to 
be about 10% of the effective dose equivalent from radon 
daughters (4). However, measurements performed in two earlier 
mines in a thorium rich area of Norway have shown that thoron 
daughters under very special circumstances may be of higher 
radiological importance than radon daughters (7). 
An average Norwegian miner spends about 1700 hours a year 
under ground. Using the conversion factor of Stranden and 
Strand (5) of 7 nSv Bq _ 1h _ 1m 3 , the annual effective dose 
equivalent from radon daughter exposure for an average miner 
is estimated to 3.1 mSv. Including a contribution from thoron 
daughters of about 0.3 mSv (3), the total average annual 
effective dose equivalent is estimated to 3.4 mSv. 
Compared to earlier measurements the the average dose to 
miners has been reduced considerably in the last years. This 
is probably due to differences in ventilation conditions, 
enclosure of rockslide and that some of the mines with the 
highest levels of radon have been closed down. Using the same 
procedure in the estimates as earlier, the average annual 
effective dose equivalent for miners in 1972 was estimated to 
be about three times higher than in 1985 (table 2). From 1987 
most of the measurements in mines have been performed by 
private firms. The results of the measurements after 1987 
seems to be in accordance with those from 1984/85. 
The annual collective dose equivalent for miners in Norway is 
estimated to be between 1.5 and 2 manSv. 

3. HYDROELECTRIC POWER STATIONS 

The distribution of underground installations in Norway differ 
from most other countries. Hydroelectric power stations is 
representing the main group. In table 2, the results of 
measurements performed in hydroelectric power stations in the 
eighties are shown. The averages is based on 3-5 measurements 
in each facility. The conditions are expected to be about the 
same as when the monitoring program was Btarted in 1984. In 
most of the installations with very high radon levels, the air 
was found to be highly contaminated with radon from leakage of 
water with very high concentrations of radon. 
The unattached fraction, f_ , is usually somewhat higher in 
hydroelectric power stations than in mines and dwellings (5). 
From measurements the unattached fraction is found to be in 
the range 0.10-0.25. However, the average and the range 
Interval for the equilibrium factor is found to be about the 
same as for mines. Due to the higher fraction of unattached 
daughters, tho multiplicative conversion factor from radon 
concentration to effective dose equivalent is found to be 
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somewhat higher for hydroelectric power stations than for 
mines and dwellings. 

The reported time for workers under ground varies considerably 
(10 - 150 hours per months), but is on the average less than 
for miners (about 150 hours per month). The general trend is 
that more and more hydroelectric power stations get automat
ized and remotecontrolled and therefore the workers will only 
be exposed during inspection and/or maintenance work. Assuming 
that an average worker in hydro electric power stations spend 
about 600 hours under ground a year, and that the conversion 
factor from Stranden and Strand (5) of 13 nSv Bq"1h"1m:! is a 
representative average, the annual effective dose equivalent 
from radon daughter exposure is estimated to 2.1 mSv. Assuming 
that the average contribution from thoron daughter exposure is 
about 10% of the radon daughter exposure, the average annual 
effective dose equivalent is estimated to 2.3 mSv. 
The number of workers is difficult to estimate. However, based 
on information we have, the total number of workers is 
estimated to be between 1000-1500. The annual collective 
effective dose equivalent is thereby estimated to be between 
2 and 3 manSv. 
From 1987 the measurements of radon have been performed on 
commercial basis by private firms. In 1988 most of the about 
150 stations were monitored. In three underground stations the 
average level of radon were found above 2200 Bq/m1 and 
remedial actions were taken. In one of the units the average 
radon concentration was found to be 50 000 Bq/m3. 

4. UNDERGROUND DEFENCE INSTALLATIONS 

In 1987/88 an extensive measurement program on radon in 
defence installations under ground was started (Table 3). 
Based on measurements in most of the largest installations the 
average radon concentration was estimated to 580 Bq/m1. The 
higher average average concentration in defence installations 
compared to mines and hydro-electric power stations is mainly 
due to extremly high values in one of the facilities. The 
average concentration in this facility was estimated to 
12 000 Bq/m1; but the highest single measurement was 
220 000 Bq/m'. The very high levels of radon were explained by 
leakage of water with very high levels of radon. After 
remedial actions, the average concentration of radon was 
reduced to 1800 Bq/ro'. If we leave this installation out of 
account, the average radon concentration in defence 
installations under ground will be about 120 Bq/m1, and the 
annual effective dose equivalent for the workers is estimateu 
to 1.8 BISV. The same conversion factor as for hydroelectric 
power stations was used In these estimates. In the 
Installation with an average radon concentration of 
12 000 Bq/n> the average annual effective dose equivalent will 
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probably axceed 200 mSv for an average worker. 
The number of workers in defence installation under ground is 
not available. However, it is assumed that the annual 
collective dose equivalent is less than 1 manSv. 

5. TUNNELS 
Radon has also been measured in other underground work places. 
The largest group is probably tunnels. In cities, tunnels are 
used for telephone cables, electric cables and in the sewerage 
system. There are also a lot of tunnel work in the Norwegian 
road system. Based on measurements ir. a very few facilties 
(assumed less than 5%) the average radon concentration for 
tunnels in 1987/88 was estimated to 120 Bq/m3. The average 
occupational time is assumed to be less than 600 hours and the 
the total number of workers to be about 1000. It is therefore 
estimated that the average annual effective dose equivalent is 
less than 1 mSv and the corresponding annual collective 
effective dose equivalent to be less than 1 manSv. 

6. CONCLUSIONS 

On the average, miners will receive the highest annual doses 
in underground work places in Norway. Based on measurements in 
1934/85, the average annual effective dose equilvalent was 
estimated to 3.4 mSv and the corresponding annual collective 
effective dose equivalent to 4.8 manSv. Due to the fact that 
some of the mines have been closed down, or have changed to 
open cast mining, the annual collective effective dose 
equivalent during the last five years has probably been 
reduced to between 1.5 and 2 manSv. 
The average annual effective dose equivalent for workers in 
hydro-electric power stations is estimated to between 
2.3 mSv. The corresponding annual collective effective dose 
equivalent is somewhat difficult to estimate because of lack 
of statistics about number of workers. However, by assuming 
that the number of workers is between 1000-1500 the collective 
effective dose equivalent to be between 2 and 3 manSv. 
The collective effective dose equivalent for other workers 
under ground, including workers in military installations and 
tunnels. Is estimated to be somewhere between 1 and 2 manSv. 
The total annual collective effective dose equivalent for 
wrrkors under ground in Norway is estimatad in this paper to 
be between 5 and 7 manSv. 
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TABLES 

Table 1. Radon in Norwegian Mines in 
1984/1985 and 1989. 

Number of 
mea surements 
in mines 
1984/85 

Average radon 
concentration 
(Bq/m>) 

13 
3 
2 
1 

< 200 
200 - 400 
400 - 800 
> 800 

Table 2. Radon in hydroelectric power stations in 1984 
and 1989. 

Number of measurements 
in hydropower stations 

1984 1987/88 19; 

91 88 61 
20 33 25 
12 20 19 
6 8 5 

Average radon 
concentrat ion 

<Bq/m>) 

< 200 
200 - 400 
400 - 800 

> 800 
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Table 3. Radon in underground defence installations 
in 1987/88 and 1989. 

Number of measurements Average radon 
in underground defence concentration 
installations Bq/m3 

1987/88 1989 

21 11 < 200 
4 6 200 - 400 
2 - 400 - 800 
1 2 > 800 


