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ABSTRACT 

A network ol tunnels which is used to store medium to low activity radioactive wastes was 
being reinforced structurally. Some of the radioactive wastes have to be transported from one 
section of tho tunnel to another during the construction. The major radionuclides contained in 
the wastes are ^ a , 2MTh, W7Pm, wCo and lS7Cs, hence the main radiation hazards to the 
workers are the external 7 irradiation, internal radon exposure and internal exposure due to 
contaminations. The highest 7 dose rate was 1000 pGy hr"1 measured at 1 cm from a lightning 
conductor waste containing 226Ra. Under the unventBated condition, the highest working level 
for ^Rn and ^fan daughters was 7.8 WL and 1 WL respectrvley. This paper describes the 
protection advices and procedures implemented to lower the radiation hazard to the workers. 

INTRODUCTION 

The radioactive wastes stored inside the 
network of tunnels are long lived nuclides left 
behind from obsolete equipments used in past 
years. These are mainly wCo in transmitter 
receiver tubes; ^Ra in lightning conductors; 
^ a and 1,,7Pm in watch dials and s iTh in gas 
mantles. The wastes are stored in sealed 
plastic drums about 1 m high and 0.5 m in 
diameter and they are arranged in groups 
according to their nuclides. 

The network of tunnels as shown in Fig. 1 
actually has a lot of dead-ended sections or 
blocked exits and only two entrances are 
available. Hence even though these two 
entrances are open, the natural ventilation 
inside the tunnels are still limited and is not 
sufficient to remove the radon gas generated 
from the wastes and exhalated from the tunnel 
walls. It was therefore decided to set up a 
forced ventilation system to reduce the radon 
risk - one of the three possible hazards to the 
workers, namely radon exposure, external 7 
exposure and internal contamination. 
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Figure 1. Sections of tunnels containing 
wastes that have to be moved. S1 to S7 are 
sampling sites. (About 1/10th of the network 
is shown) 
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EXPERIMENTAL 

1. Radon and its progeny 

The forced ventilation rate required was calculated by measuring the generation rate of 
radon inside the tunnels. The latter was estimated by assuming that the radon level has reached 
an equilibrium after the tunnels were closed tor more than a few weeks. The equilibrium ^Rn 
levels at the three sites as shown in Fig. 1 were grab sampled into scintillation cells immediately 
on entry into the tunnels. At the same time, radon daughters were collected on filter papers at 
one of the dead ended tunnc!. The working levels of both ^ n and ^Rn daughters w»rp then 
determined by 5-count method. The results are summarised in Table t. 

Table 1 Summary of the measurement results 

^Rn Cone. 7 Dose rate 
Site (kBq m3) ^Rn WL ^Rn WL QxGy hr1) 

51 7.3 
52 18.6 -
53 6.7 - - 7.9 
54 15.8 
55 - - - 21.9 
56 - - - 1.5 
57 - 7.8 1 1.3 

It is noted that the Rn concentration near the opening of the tunnels dropped rapidly due 
to an outward radon flux induced by the concentration gradient when the door was opened. 
However the radon daughters which have much less diffusion constant, were less influenced by 
opening of the entrance. This also explained the occurrence of the higher than unity equilibrium 
ratio at site S7. Working level of ""Rn daughters was not as significant as ^Rn daughters. But 
since ^Rn has a very short life time, this implies that its working level will be comparable or 
even higher than ^Rn working level after the forced ventilation system is installed. 

2. External -v dose rate 

A pressurized ionisation chamber was used to measure 7 dose rates by placing the 
ionisation chamber 1 cm from surfaces of the waste drums. The ambient rate at 1 m above 
ground along the centre of the tunnel was also measured. Of those drums that have to be 
transported, the maximum surface 7 dose rate was 86 /iGy hr'1 emitted from a drum of gas 
mantle while the overall average was about 45 ^Gy hr"1. The ambient dose rate varied and a 
maximum of 21.9 /xGy hr'1 was detected as shown in Table 1. There are much stronger sources 
being stored inside the tunnel such as a ^Ra source giving a surface dose rate of 1000 /iGy 
hr'1. But luckily these strong sources were not required to be transported hence the 
transportation route was so designed that the workers would not come close to them. 
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3- Surface contamination 

Since during the transportation, the workers have to pick up the drums by their hands, so 
ft was most important to ensure that the drums were rigid and were not leaking. Surface 
contamination of a number of selected drums were therefore examined by simple wipe test The 
samples were measured for gross a, /3 count and gross 7 count. Only slight 0 and 7 activities 
were observed in all the samples. The average and maximum observed activities were 
respectively 3.7 Bq and 5.1 Bq for £ and 2.2 Bq and 5.4 Bq for 7. If the pick up efficiency of 
the wipe is assumed to be 10 %. which is a conservative assumption, then the maximum 
removable ft and 7 arfrvify will be respectively 10? Bq and 108 Bq out of each dnjm 

RECOMMENDATIONS 

1- Radon and its progeny 

Table 1 shows that under an unventDated condition, the equilibrium factor inside the tunnel 
will be close to unity, hence the equilibrium equivalent concentrations of ^Rn and ^Rn can be 
taken as 28.8 kBq m"3 and 0.27 kBq m"3 respectively. If there is a forced ventilation of flow rate 
u m3 s"1 flowing through the section of tunnel of volume V m3, then the expected ^Rn 
concentration will drop to 28800AV/U. where x is the decay constant of ^ R a 

The derived air concentrations as given by ICRP (ICRP, 1982) for ^Rn and ^ n are 
1.5x103 Bq m'3 and 500 Bq m'3 respectMey. Furthermore, by assuming an equilibrium factor of 
0.5 inside a normally ventilated tunnel (lCRP, 1986), the recommended air flow in any section 
of the tunnel network was calculated to be 2X10"SXV m3 s"\ 

The concentration of ^Rn is more difficult to predict because of its short half life and quick 
build up rate. There were two ways to reduce its hazard. 

i. Introduce a safety factor by using higher ventilation rate than the calculated value. 

ii. Since most ^Rn might have been exhaled from the gas mantles containing ^ h , the 
air flow was conducted in such a direction that all the gas mantles were at the most 
down stream locations. 

In order to avoid any unexpected non-ventilated sections of tunnel and also to limit access 
to certain areas, some tunnels were temporarily blocked at their junctions so that the air flow was 
directed to flow through alt the working areas only. 

Before the forced ventilation was installed, any workers working inside the tunnels were 
recommended to put on filtering respirators since the ^Rn concentration would be greater than 
10 kBq m'3. Once the ventilation was provided, no more precaution was required to protect 
against radon exposure as evidenced by subsequent measurements indicating that the ^Rn 
concentration has become acceptable (average of 135 Bq m"5). 
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2. External t ext>osure 

External 7 dose was ma^attributebte to the 6 * ^ ^ 
surface dose rate of about 45 /*Gy hr'- The workers were in close contact with the drums only 
during the moment they picked up the drums and deforced them to the troSey or the reverse, 
in spite of this and the short exposure period anticipated (the transportation was done within a 
few days), no special protection was needed. 

3. Surface contamination 

No s'innWicarrt s\irtoce contamination vras observed on the s&eaed drums exceov si'*§t* £ 
and 7 activities possibly from long lived radon daughters such as 2,0Pb and ^Pb . Since the 
maximum activity on the drum is about 0.01 Bq cm0 which is only 3 % of the derived limit of 
contamination for the strictest Class 1 and It radionuclides in inactive area (Wrixon et at, 1979), 
they were not considered as contamination. But for the sake of preventing internal 
contamination, the workers involved in the transportation were required to wear protective 
clothing, gloves and boots which were monitored and then washed after each break of the work. 

When all the drums were removed, the original sites were monitored once more to make 
sure that contamination, if any, would not spread to other parts of the tunnels. 

CONCLUSION 

The radioactive wastes inside the tunnels generate high concentration of ^Rn and ^Rn 
gas. These gases were removed efficiently by a simple forced ventilation system. However, 
there was not much could be done to reduce the external 7 exposure to the wastes except by 
shortening the exposure time and keeping a distance as far as possible from the wastes. As to 
the prevention of internal contamination, the workers were required to wear protective clothing, 
gloves and boots and that they have to follow some simple rules such as bathing and washing 
on site after each day's job; not to eat, drink or smoke during work. As a conclusion, all the 
workers were properly protected and no radiological accident was reported. 
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