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Abstract: The Austrian radon mitigation research project* SARAH, a two-year follow up study of the
Austrian National Radon Project (OENRAP), was started in 1996. Objectives of the research project
are to find simple, cost effective experimental methods for characterising the radon situation of dwell-
ings and to evaluate technically and economically the implementation of state of the art remedial ac-
tions for Austrian house types. After an intercomparison exercise of radon measuring instruments and
detectors in spring 1996 three houses were closely examined in regions with elevated radon levels in
the federal state of Upper Austria. The methods used for the radon diagnosis and the mitigation con-
cepts are treated. For the first time an extended "Blower-Door" method (which is conventionally used
for determining the tightness of buildings) was applied to radon diagnosis of buildings. The conception
and implementation of the proposed remedial measures are demonstrated. Preliminary results of the
investigations and remedial actions are discussed.

1. Introduction

To minimize the health risk of the population due to indoor radon exposure well proven and cost ef-
fective concepts and methods are needed for remedial action in high radon-exposure houses and as
precautionary measures for new buildings in radon prone areas. This objective has led to a great inter-
national experience and to a multitude of mitigated houses in many countries (e.g. EPA, 1993;
CLAVENSJO & AKERBLOM, 1994; HAMEL et al., 1996). In Austria up to now only few houses
have been mitigated in regard to radon reduction (ENNERMOSER et al., 1994). A survey of the indoor
air radon situation in the state of Upper Austria (FRIEDMANN et al., 1994) resulted in the identifica-
tion of regions with elevated indoor-air radon levels (arm. mean > 400 Bq.m"3).

This research work should increase the experience of Austrian physicists and building engineers in ra-
don diagnosis methods, mitigation and precautionary procedures for Austrian-specific types of houses
and building characteristics. The results of this project should become the basis of an Austrian-wide

radon mitigation program. ||||||||ll|||||||||!||||||inillllllllllllllllll
2. Radon diagnosis methods CZ9928470

At the onset of the project an intercomparison exercise under well defined on-site conditions was car-
ried out to check the response of different radon measurement instruments and detectors used in this
research project. In two intervals - three days and three weeks - a set of passive radon detectors and ac-
tive instruments was exposed under defined conditions: electret detectors (E-PERM), charcoal detec-
tors with LSC- and gamma-evaluation (PICORAD, EG&G), track etch detectors (MAKROFOL & KfK
chamber) and active radon measuring devices (ALPHA GUARD, ATMOS, PRASSI, ALNOR). The

* Supported by the Austrian Ministry of Economy (project No. F-1375/1-IX/A/8/95), and the Government of Upper Austria.
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experiment was performed under realistic temperature and humidity conditions in a closed calibration
room of the Geotechnical Institute at the Arsenal, Vienna. The results, uncertainties, and limits of ap-
plication of the various radon methods are shown and discussed in MARINGER et al., 1997a.

For this study three buildings were selected for Fig. 1. Determination of the radon entry rate with
detailed investigations and remedial actions: two the extended Blower-Door method.
buildings in the southern part of the Bohemian
massif (region 'Miihlviertel'): a two-family house
in Gutau and a farmhouse near Konigswiesen. An-
other building was chosen on the gravel-terrace of
the river Traun: a one-family house in Traun. The
procedure of selection of the buildings is described
in MARINGER et al., 1997b.

The next step was the experimental investigation
of the radon sources and entry paths in each house.
The quantities representing the radon situation of a
house are primarily the radon concentration
(Bq/m3), the entry rate (Bq/s), and the ventilation
rate (1/s). But these simple quantities cannot be
determined exactly at all points of a house all the
time. To find acceptable approximations of these
quantities a two-stage diagnosis method was cho-
sen. A two to three-week continuos radon moni-
toring in one room of the house with an ionisation
chamber (e.g. Alpha Guard) combined with inte-
grating electret or charcoal detectors in other
rooms, was carried out. The evaluation of these
measurements was followed by an intensive one to
three-day measuring campaign. Additionally, a soil
gas probe with an air pump and an ionisation
chamber (Alpha Guard) gave a good indication of the radon potential of the ground. During the meas-
urement periods the meteorological parameters were recorded simultaneously because the meteoro-
logical situation strongly effects the indoor radon situation.

Together with the active radon measurement instruments a Blower-Door was applied (Fig. 1). This
easily installed tool provides an adjustable pressure reduction in the house of up to -60 Pa. Under re-
duced-pressure conditions the radon entry paths can be found easily ('sniffing') with fast responding
active radon instruments (e.g. Atmos). The quantities and time sequence of the air and radon flux
through the Blower-Door fan gave good estimates of the total average radon entry rate and the ventila-
tion rates at reduced-pressure and normal conditions. The constant reduced-pressure condition during
the Blower-Door operation strongly moderated the current and seasonal meteorological influences.
Several complementary measurements were also carried out on the sites (e.g. decay product and thoron
measurements, exhalation-rate of building materials, radon and radium analysis of local ground water,
radium analysis of local soil samples, assessment of soil permeability).

3. Mitigation concepts and methods

After the evaluation and discussion of all the measurements made on-site, a cost-benefit analysis with
regard to the necessary site-specific radon-reduction and possibilities of state-of-the-art remedial meas-
ures led to a constructional mitigation concept for each building.

For the two-family house in Gutau a sub-floor depressuration system was chosen. In two central rooms
of the basement perforated suction pipes were installed with sub-floor connections under the adjacent
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Fig. 2. Installation of the perforated suction pipes in the sub-floor aggregate (building GUT).

Fig. 3. Measurement of the radon concentr.
and the pressure reduction at the ex-
haust fan in the attic (building GUT).

rooms (Fig. 2). The three branches of the pipe system
were connected to in an exhaust fan in the attic (Fig. 3).

Because of the good soil permeability under the farm-
house near Konigswiesen a sub-house depressuration
concept was selected for this building. Two holes with a
diameter of 100 mm and a length of about 8 meters were
drilled at a depth of about 1.5 to 2 m under the basement
floor of the farmhouse (Fig. 4). Then perforated suction
pipes with a diameter of 50 mm were installed in the
holes and an exhaust fan was connected. The great ad-
vantage of this mitigation method is that there is nearly
no negative effect on the inhabitants during the installa-
tion. This mitigation method could be applied to many
similarly constructed farmhouses in Austria.

To date for the one-family house in Traun active and
passive sub-floor ventilation system have been discussed
but no final decision has yet been taken on the mitigation
concept. In August 1997 special investigations were car-
ried out to assist in the decision process.

4. Preliminary results and discussion

The efficiencies of the applied mitigation measures will
be verified in the next months. The radon reduction in
the mitigated buildings will be determined by long-term
measurements (track etch, electret) and special experiments (e.g. Blower-Door, soil-air).

In the building KOE (farmhouse near K6nigswiesen) a first test of the effect of the sub-house depressu-
ration was made. After installing the first perforated suction pipe in the ground a provisional assembly
with an exhaust fan was connected (Fig. 5). Near the wall outside of the house a soil-air probe was in-
stalled and in the basement the radon concentration below the wooden floor and in the living room was
recorded. In Fig. 6 the decrease of the soil-air radon concentration from about 40 kBq/m3 to 8 kBq/m3

during the depressuration experiment (25 June, 6 p.m. - 26 June, 1997,10 a.m.) can be seen (-330 Pa in
the suction tube). The increases of the radon soil-air concentration during the drilling activities on 24
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Fig. 4. Drilling of an 8 m/0 100 mm hole for the installation of sub-house suction pipes (building KOE),

and 25 June due to the compressed air flushing of the drilling head are also shown in Fig. 6. The radon
reduction under the wooden floor ranged from about 20 kBq/m3 to 5 kBq/m3 and in the living room
from about 1 kBq/m3 to 0.5 kBq/m3 during this first test period (16 h).
The verification of the radon reduction of all the mitigated buildings and the posterior cost-effect
analysis (investment and operation) is scheduled for completion in 1998. The observation and evalua-
tion of the long-term stability of the remedial measures are planned for a period of about 10 years.

Fig. 5. Experimental assembly for testing the effectiveness of the first sub-house suction pipe (building
KOE)

In conclusion of the project an extensive project report*, including all the details and results of the
work, will be published in 1998.

' Available in spring 1998 at 'Bundesministerium ftir wirtschaftliche Angelegenheiten, Abt. IX/8, Dokumentationsstelle der
Wohnbauforschung', Stubenring 1, A-1011 Wien.
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Fig. 6. Effects of the compressed air flushing of the drilling head and the experimental exhaust of one
sub-house pipe on the radon soil-air activity concentration (building KOE).
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