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Some remarks about remedial actions and research program in
Sweden

Sven-Olov Ericson

In the fall 1978 the National Institute for Radiation Protection
measured high concentrations of radon in 6 one-family houses
built on land where shale ash had been used as landfill. The
mass-media gave this a great deal of publicity and politicians
promised that the owners should be indemnified. It was decided
that remedial actions should be taken in these houses and in
some houses made of aerated concrete based on alum shale under
a research project at the Swedish Council for Building Research.

The houses are not very old and it was possible to get in con-
tact with people who had seen the erection of the houses with
their own eyes. By interviewing them we concluded that the
land had been levelled with alum shale ash from an adjacent
dump. This ash has a radium contents with a range from 900 to
3000 Bq/kg 226R S and 1500 Bq/kg as an average. Uncovered ash
gave a gamma radiation of 60-170 /iR/h. In the gardens the
ash is covered1 with soil which shields most of the radiation.

5 of the 6 houses have a full basement - one house was built
with crawl space. We concluded from interviews that there was
no ash under the basement slab - the local building authority
had prescribed that the houses should be founded on natural
solid ground and not on the ash. The situation is shown in
figure 1.

In one of these houses we install a ventilation system which
gives 0,5 air change/h in the living floor and up to 3 air
changes/h in the basement. In order to prevent radon con-
taminated air to reach the living floor there is a flow of
air down, the stairs into the cellar. In order to limit the
energy consumption the installation includes an efficient heat
exchanger. The energy required to run the fans is not insig-
nificant, but a great deal of it helps to heat the house.
In order to prevent freezing in the heat exchanger there is
an electric heater in the duct for supply air which automatically
turns on when the outdoor temperature is too low. The cost of
this sofisticated ventilation system was $16.000.
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Fig 1.

Skeleton drawing of house with full basement and landfill of
shale ash.
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1. Original ground level

2. Landfill with alum shale ash (filled before the house
was built)

3. Bottom of excavation

4. Fill with normal gravel (1 metre thick)

5. Backfill with normal gravel

6. Probable backfill with shale ash

7. Terrace with concrete tiles

8. Soil covered with grass

9. Soil covered with grass

11. Coated twice with cold asphalt + slurry of cement
mortar + 25 cm concrete block + plaster

12. Plaster + 7 or 20 cm concrete block + plaster
13. Framing of joists

3O5"



Scandinavian Engineering Corporation 3.

The other four houses with full basement were remedied by the
removal of all shale ash up to a distance of 4 metres from
the house. The ash was replaced by normal fill with 40-60 Bq/kg
of radium-226. The effect of this action has been preliminary
evaluated. Figure 2 shows corresponding measurements of radon
and ventilation rate in these houses before and after the
removal of the ash. The cost of excavation and restoration of
the gardens was $20,000 for each house.

Fig 2. Corresponding measurements of radon-222 and ventilation
rate in 5 houses with full basement in a ground where
alum shale ash was used as fill.
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Several measurements showed
3000-5000 Bq/ra3 radon-222
in closed rooms in the cellars.
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One of the houses has a crawl space and is founded on 1,5 m
of shale ash. We do not think it is feasible to remove this
ash; figure 3.

Fig 3. House with crawl space on 1,5 m shale ash.
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After the first measurements were made the occupants were
recommended to increase the ventilation rate by the fan in
the kitchen. This however resulted in an increase of radon
concentration by an order of magnitude from 14 pCi/1 (500 Bq/m3)
to 135 pCi/1 (5000 Bq/m3). The concentration of radon in the
crawl space was 400 pCi/1 (15.000 Bg/m3). The reason for this
increased radon concentration was that the fan caused an under-
pressure in the house and suck heavily contaminated air from
the crawl space through the floor. The walls were tight and
the entrance to the crawl space was through the floor in the
kitchen. As a temporary arrangeuie.it we then installed a fan
sucking air out from the crawl space. This gave a slight
underpressure in the crawl space and prevented contaminated
air from entering the house. After that we measured less than
0,01 WL in the living area. The effect upon radon concentration
in the crawl space was limited. 3o?
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This arrangement cannot be used in wintertime - the foundation
can be damaged if the ash freezes and the floor rfill be un-
comfortably cold. As a final solution we intend to lead the
exhaust air from the house down to the crawl space and further
out. The crawl space will be kept at slightly lower pressure
than the living floor. The foundation wall will be insulated
in order to prevent condensation of moisture. One advantage
with this technique is that it gives a warmer floor. We also
consider to reduce the exhalation from the ash by pouring a
10-20 cm thick concrete slab into the crawl space.

In 5 houses built of aerated concrete based on alum shale we
try to reduce the radon concentration by ventilation or by
repapering the walls with aluminium foil.

The ventilation systems are designed to give 0,5-1/5 air
change/h in every room and are equipped with heat exchanger.
The cost for such a system is $4,500-5.000.

In laboratory experiments it has been proven that aluminimum
foil can be radon tight. This is being tested as a remedial
action in 3 houses, where all walls are repapered with 25 /u m
aluminium foil laminated with 25 /u m polyethylene and paper
on each side. In one of the houses 100 /«. m unlaminated aluminium
is tested in part of the house. No results are yet available.
Continuous aluminium foil on walls is considered to increase
the probability that a malfunction in the electrical installation
will cause a fire or accident with electrical 9hock. Such foils
are banned in Sweden for occupational use, because of the risk
for electrical ghock during pasting.

In some houses with slab on grade we try to reduce the radon
flow with a laminated aluminium foil on the slab. The test is
carried out where the gamma radiation from the ground is up
to IQ/u R/h. No results are available yet.

The research program during the next 2 years will concentrate
upon studies of

- the relation between elevated activity in rock and soil
and indoor concentration of radon

- exhalation of radon from building materials.

We will measure radon indoors and the activity in the soil close
to the house in order to find out what building technique that
ought to be used on different types of ground to avoid a too
high concentration of radon.
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By the study of exhalation from building materials we want to
establish how activity in the material, the texture and the
surface treatment influence the exhalation from finished wall
and floor.

The results from these and other studies are to be used when
we evaluate the cost and benefits associated with different
levels of permanent limit values for radon indoors in new
and existing houses, radium contents in building materials
and different guidelines for planning new buildings on land
with elevated activity.


