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Radon potential of a fly ash pile - a criterion for its use as a
building lot
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Abstract: Radioactivity survey on a fly ash pile was carried out. Concen-
tration of radon (*?Rn) in fly ash at a depth of 1 m was in the range
of 0.3-46.9 kBq m3, with arithmetic mean of (23.8 £ 0.2) kBq m™.
Radon exhalation rate was about 24 mBq m? s™!' on the part of the
pile covered with grass, and about 37 mBq m? s! on the part with
trees and bushes. Gamma dose rate was about 168 nSv h™' and ash
permeability around 3.9 x 10~'* m? on both parts.

Izvlec¢ek: Na odlagaliscu elektrofiltrskega pepela smo izvedli raziskavo ra-
dioaktivnosti. Na globini 1 m smo v elektrofiltrskem pepelu izmerili
koncentracije radona (***Rn) 0,3-46,9 kBq m™ s povpre¢jem (23,8 +
0,2) kBq m™. Na s travo poras¢enem delu odlagalis¢a smo izmerili hi-
trost ekshalacije radona okrog 24 mBq m? s, na delu, kjer odlagalisc¢e
preraséajo drevesa in grmi¢evje, pa okrog 37 mBq m? s™'. Hitrost doze
sevanja gama smo izmerili okrog 168 nSv h™!, prepustnost pepela pa
okrog 3,9 x 10> m>na obeh predelih.
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INTRODUCTION

Radon (**’Rn) is a radioactive noble
gas (o radioactive transformation,
half-life, 7, = 3.82 d) originating from
radioactive transformation of radium
(**°Ra) in the natural radioactive chain
of uranium (**U) (Nazarorr & NERO,
1988). Only a small fraction of radon
atoms emanate from the solid and en-
ter the space between mineral grains,
from where they migrate through the
medium, by both diffusion and advec-
tion, and eventually exhale into the
atmosphere (ETIOPE & MARTINELLI,
2002). Radon is always accompanied
by its short-lived products (*'*Po, ?'“Pb,
21“Bi and ?'*Po) formed by its radioac-
tive transformation and appearing in
air as nano aerosols. Together, radon
and radon short-lived products con-
tribute more than half to the effective
dose a member of the general public
receives on the world average from
all natural radioactive sources (UN-
SCEAR, 2000) and are a major cause
of lung cancer, second only to cigarette
smoking (DArBy et al., 2005). Keep-
ing low radon levels in dwellings and
at workplaces is therefore a serious so-
cial concern and a great scientific chal-
lenge.

Radon enters the indoor air mostly
from the ground on which a building is
standing. Other radon sources, such as
outdoor air, building material, burning

natural gas and using water, are usually
minor if not negligible. It is therefore
important where and how the building
is constructed. Particularly important
is the quality of the basic floor slab and
parts of the walls contacting the ground.
Obviously, the higher the uranium con-
tent in the ground, and, consequently, ra-
don concentration in soil gas, the higher
quality is needed to keep radon level in
indoor air acceptably low. In this sense,
radon concentration in soil gas togeth-
er with soil permeability, as a measure
of radon potential (Wieganp, 2001;
NEznAL & SMARDa, 1996), should be
considered when constructing a new, or
remodelling an old building. In Germa-
ny, Kemski et al. (2001) have proposed
the following ranking of radon risk with
respect to radon concentration in soil:
low at <10 kBq m™~, medium at 10—-100
kBq m™, increased at 100-500 kBq m™,
and high radon risk at >500 kBq m™.
In Sweden, the ranking is slightly dif-
ferent: low at <10 kBq m™, normal at
10-50 kBq m™ and high at >50 kBq m™
(EC, 2005). A classification of soil with
respect to radon potential in Slovenia
has not been accepted.

Radon potential varies markedly
from soil to soil. It is reasonable to
expect that it will be higher in the
technologically enhanced naturally
occurring radioactive material (TE-
NORM). Such are wastes and by-
products of technological processes
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in which some members in the urani-
um radioactive chain are concentrat-
ed and hence their contents elevated.
An example is burning coal in a ther-
mal power plant. As in any material,
also in coal, there is certain, though
low, level of ??°Ra which, after burn-
ing, grows concentrated in the fly ash.
A question emerges what is the radon
potential of a layer of fly ash and thus
which radon risk is expected when
using this layer as a building lot.

In Slovenia, there are several fly ash
disposal sites of various sizes. For this
study, a small fly ash pile of well de-
fined geometry was chosen. In addi-
tion to radon concentration in fly ash
also radon exhalation rate from fly ash,
permeability of fly ash and gamma
dose rate were measured, and the site
was classified according to radon risk.
These have been the first such measure-
ments in Slovenia, aimed only at show-
ing as an example how radon potential
for this kind of sites may be dealt with.

MATERIALS AND METHODS

Site description

To the site selected as an example for
this study, the fly ash of a thermal pow-
er plant burning lignite had been dis-
posed of for years. At present it is a 5—7
m thick layer of an approximate 150 m
% 200 m surface area.
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Figure 1. A schematic outline of the fly ash
pile: the part covered by grass only is shad-
owed; measurement points are indicated,
with vertical bars representing radon con-
centration in ash-gas.

A gamma spectrometric analysis of an
averaged dry ash sample had shown
the following concentrations of ra-
dionuclides (Bq kg'): #%U: 200 + 26,
22Th: 37 + 8,%6Ra: 237 £ 8,%'°Pb: 102
+ 14, %“K: 410 £ 23. For comparison,
the following ranges were found in the
terra rossa soil in various points in the
karstic area: 238U: 52-70, 22Ra: 53-74,
40K 320450, (VaupoTIC et al., 2007a).
A small part of the pile is a glade cov-
ered with grass only, while the rest,
with dense bushes and trees (Figure 1).
Complete measurements of all the pa-
rameters were carried out only in the
former part because the movement of
the equipment (except of scintillation
cells) to the latter was practically im-
possible.
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Radon in fly ash

To measure radon concentration (C, /
(Bq m™)) in the ash-gas (gas contained
in the bulk of fly ash) an AlphaGuard
radon monitor and alpha scintilla-
tion cells were used. Because the cells
showed similar values and are, in ad-
dition, more simple to move and use,
only at two points in the part covered
with grass the AlphaGuard monitor
was used and the cells everywhere else.

1. AlphaGuard

The measurement set-up to analyse ra-
don concentration in soil gas consisted
of an AlphaGuard PQ 2000 PRO (AG)
radon monitor, a soil-gas probe and
an AlphaPump (AP) (Genitron, Ger-
many) (Figure 2). A borehole of 7 cm
diameter was hand-drilled into the fly
ash to a depth of 100 cm. The soil-gas
probe was inserted to the bottom and
the rubber ring around it inflated to
isolate the bottom part of the borehole
from the outdoor air. Soil gas was then
pumped from the bottom through the
AG ionization chamber at a flow rate
of 0.3 dm® min™'. The temporary radon
(*?Rn) concentration was registered
in one-minute intervals over approxi-
mately a 20-minute period. After ini-
tial growth, the concentration became
stabilised. The average of the last few
stabilised values was taken as the radon
concentration in soil gas. At this low
flow rate, contribution of thoron (**°Rn,
half-life 55 s) was negligible (Zunic et
al., 20006).

PRESSURE
_,BOX_,

AlphaGUARD

FLY ASH

Figure 2. Schematic set-up for measuring
radon concentration in ash-gas.

2. Alpha scintillation cells

For this experiment, the Spanish 0.3
dm? alpha scintillation cells were used
(Qumnpos-PonceLa et al., 2003). After
the measurement with the AlphaGuard
had been finished, a cell was connected
to the soil-gas probe and pump, and
ash-gas was flushed through the cell at
a flow rate of 1 dm?® min™' for 3 minutes,
necessary to exchange the air in the
cell by the ash-gas sample. In a time
longer than three hours, when the secu-
lar equilibrium between radon and its
short-lived products had been reached,
gross alpha activity of ??Rn, ?'*Po in
214Po was measured in an PRM 145
a-counter (AMES, Ljubljana) (Figure
3). Cell efficiencies are from 0.000218
s Bq?' m?to 0.000428 s' Bq! m® and
their background from 0.1 min™' to 0.5
min', thus assuring a lower limit of de-
tection from 50 Bq m™ to 110 Bq m™
at counting times of 15 min.
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Figure 3. Alpha counter with a scintilla-
tion cell.

Radon exhalation from fly ash

The radon exhalation rate £, /(Bq m™ s™")
from soil was measured using the Ex-
halation Box (EB, dimensions 0.7 m X
0.7 m x 0.2 m) and the same AG moni-
tor and AP pump as in the previous sec-
tion (Figure 4). The air was circulated
in the closed circuit for about 90 min
and the concentration of radon accu-
mulated in EB was recorded every 10
min. The exhalation rate was calculat-
ed using the formula:

v
E,, =B><E (1)

in which: B — slope of the straight line
fixed to the increasing radon concen-
tration points in the EB, //m’ — volume
of the EB, F/m?— surface area covered
by EB (Zuni¢ et al., 2006).
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Figure 4. Schematic set-up for measuring
radon exhalation rate from fly ash.

Fly ash permeability

The system to measure fly ash perme-
ability k£ ,/m* at 1 m depth consisted of
a Multisensor Unit D/D device (Geni-
tron, Germany) and the same AG mon-
itor, AP pump and soil-gas probe as for
measuring radon concentration (Fig-
ure 5). Ash-gas was sucked from soil
by soil-gas probe and pumped through
the AG and Multisensor. The pressure
difference (AP) between ash and open
air, and flow rate of ash-gas (Q) were
measured by the Multisensor D/D. The
fly ash permeability was calculated us-
ing a modified equation of Fick’s law
of diffusion (Janik, 2005):

o

W x AP @

kash :/u

in which: k_ /m* — permeability of fly
ash, 4 — dynamic viscosity of air (Pa s),
W/m — shape parameter of the soil-gas
probe, O/(m* min') — gas flow rate and
AP/Pa — pressure difference measured
(ZuNic et al., 2006).
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Figure 5. Schematic set-up for measuring
fly ash permeability.

Gamma dose rate

Gamma dose rate H /(nSv h') was
measured in outdoor air at the height of
1 m above the ground using a Gamma-
Tracer TM Wide Type E probe (Geni-
tron, Germany). The values of gamma
dose rate were registered in 5-min in-
tervals. The average value of 12—15 re-
cords was taken as a final result.

RESULTS AND DISCUSSION

Figure 6 shows the initial increase in
readings when measuring radon con-
centration in the ash-gas with the Al-
phaGuard monitor. A time of about 20
min was needed to reach the correct,
saturated value, taken as the results for
C,,- Accumulation of radon under the
exhalation box during exhalation rate
measurements is presented in Figure 7.

The initial slope of the curve was used
to calculate £, (in this case (10 + 1.2)
Bq m™ min™).

Values of radon concentration in ash-
gas are given in Table 1, together with
radon exhalation rate, fly ash perme-
ability and gamma dose rate. Based on
good agreement between radon con-
centrations obtained with both devices
in boreholes 1 and 6 (less than 15 %
difference) we decided to use the Al-
phaGuard monitor only at two points
easily accessible for the equipment,
and scintillation cells everywhere else.
Except at points 2 and 3, concentrations
were in the range from about 10 kBq m™
to about 45 kBq m™, with an average of
(23.8+0.2) kBqm™. This is similar as in
gravel deposits and lake sediments (38.1
kBq m~ and 20.3 kBq m~, respective-
ly) but lower than at carbonates (50.4
kBq m™) in Slovenia (VauproTiC et al.,
2007b; Vauroric et al., 2008), although
22°Ra concentration in fly ash is about
four times higher, and therefore higher
radon concentration would be expect-
ed, than in an ordinary soil (VAauroTIC
et al., 2007a). The lowest two values
(points 2 and 3) belong to boreholes
at the very edge of the pile where the
ash layer was thinner. Differences in
values among points (except 2 and 3)
are normal, as it is well known that
even at a homogeneous distribution of
22°Ra, radon levels may differ markedly
from borehole to borehole because of
micro fractures in the ground (DURRANI
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Figure 6. Initial increase in readings (S6) when measuring radon concentra-
tion in the ash-gas with the AlphaGuard monitor.
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Figure 7. Accumulation of radon under the exhalation box during exhala-

tion rate measurements (S1).

& BaDR, 1995; Baixeras et al., 1996;
Kemskr et al.,, 2001; WINKLER et al.,
2001; IakovLEva & RyzHAKOVA, 2003;
VaurorTi¢ et al., 2007a). Point 4 is at the
same level as other points but only 1
m or so away from the steep edge of
the pile. We may speculate that atmos-
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pheric air may penetrate horizontally
into the borehole, diluting the ash-gas
and thus reducing radon concentration.
Such a situation has not been observed
at point 7 where radon concentra-
tion was second the highest. Although
the radon exhalation rate is similar as
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somewhere else in Slovenia (VAuPOTIC
et al., 2010; VauroTiC et al., 2007b) it
is higher at point 1 (36.9 mBq m™? s™)
than at point 8 on glade (24.2 mBq m™
s'), most probably because the roots of
trees and bushes here break up the bulk
structure of the pile and thus enhance
radon diffusion (MoLDpRruP et al., 2000).
Also the permeability of fly ash does
not differ from that measured at other
places (Vauroric et al., 2010; VauroTiC
et al., 2007b). It is practically the same
at point 1 and 6, thus pointing out that
higher exhalation rate at point 1 is due
to enhanced diffusion (MoLDRuP et al.,
2000) and not higher advection in the
ash.

Gama dose rate of 168 nSv h™' is about
50 % higher than over a nearby ground
and about 15 % (27 nSv h™") lower than
over the Pohorje granite (195 nSv h'")
(Bramik et al., 1992).

With respect to radon concentration in
ash-gas (never exceeding 50 Bq m™),
this fly ash pile may be considered as
a building lot with a normal radon risk
according to the Swedish (EC, 2005)
and a medium radon risk according to
the German (Kewmski et al., 2001) clas-
sification. This classification is con-
servative, because the measurements
were carried out in summer after a long
period of dry weather when radon con-
centration is higher than it would be in
wet condition (Hosopa et al., 2007; Pa-
PACHRISTODOULOU et al., 2007).

CONCLUSIONS

Concentration of radon in ash-gas was
in the range of 0.3-46.9 kBq m™, with
arithmetic mean of (23.8 + 0.2) kBq m?,
and radon exhalation rate about 24
mBq m? s on the part of the pile cov-

Table 1. Radon concentration (C, ), obtained with alpha scintillation cells and Alph-
aGuard monitor, radon exhalation rate (£, ), permeability of fly ash (k) and gamma

dose rate (H ,) on the fly ash pile.

Meas. C,/(kBgm?) C,/(kBqm?) . . :

point | Scintillation cell | AlphaGuard | T%/(MBATTSD | K/ H jmSvh
s1 13.6 <03 15529 36.9+4.9 37 %107 166
52 03 +0.05
s3 1.2+0.08
54 13.0+04
S5 37.0+0.6
S6 308 0.6 265433 4010 " 169
57 128+06
S8 469+ 0.7 242425
$9 289405
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ered with grass, and about 37 mBq m* s™
on part with trees and bushes. Accord-
ing to the German classification the pile
may be considered as a building lot
with medium radon risk, and according
to the Swedish, normal radon risk.
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