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ABSTRACT

Wind pressures on housdes can affect the availability of radon beneath
houses that are surrounded by highly permeable materials. The Rn3D computer
code was used in a two-dimansional study of the effects of winds on radon
concentration profiles beneath a slab-on-grade house when dry gravel of
various thicknesses surrounded the outer surfaces of the slab. Four generic
goil types (sand, sile, loam, and clay) at several moisture saturations under-
laid che gravel layer and house. For a typical annual distribution of wind
$pesds, radon cdncentfations undar the houses were obtained as functions of
gravel thlckness and underlying soil type and saturation. Results show. that
for a gravel depth of 0.1 m, radon concentracidns are reduced by up to 502 for
§and and loam, 60Z for silt, and 902 for &lay. At a depth of 0.3 m the
gegdent fddugeions ara cofrespondingly 75, 78, 85, and 952.
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INTRODUCTION

In a recent study (1), we used the Rn3D computer code to examine the
effects of winds in reducing sub-slab radon concentrations under houses laid
over deep homogeneous dry scils with uniform radium concentrations. Only with
gravel was a significant reduction seen. This recent study led to the present
study of the significance of the radon-reducing effect of winds on houses
deliberately laid over low-radium-content gravel beds. The technical concerns
of this study were the effects of controlling parameters: wind speed, gravel
depth, and underlying soil type and moisture saturation. The ultimate goal is
to determine the practicality of using gravel beds in new home construction.

STUDY SYSTEM

To describe this study it is necessary to first discuss the study house
and then the computational tool, the Rn3D code. The properties of the soils
and annual wind speed distribution used are also discussed.

The study building consists of a two-dimensional 15-m wide slab-on-
grade house (Figure 1). The soil surrounding the house and gravel bed is
homogeneous directly underlying the slab. The gravel bed is of a uniform
thickness around the edges of the slab. The gravel around the edges is
necessary to ensure a flow path to communicate wind pressures to the sub-slab
gravel.
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Figure 1. Schematic diagram of the two-dimehsional study house
showing gravel bed laid under and alongside the l1S5-m-wide slab
in uniform thickness. Wind is assumed to be perpenditular to
the side of the house.
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Rn3D is a variably saturated, three-dimensional version of CRACK (2,3),

a two-dimensional finite element model that simulates soil and crack pressure
gradients that are caused by atmospheric pressure variations at the ground
surface. The resulting soil gas flow drives the advective transport of raden
gas, affecting the flux density of radon across the soil/air boundary. The
soil in the model mdy be heterogeneous and anisotropic. Molecular diffusion
of radon is assumed to be governed by Fick's Law and occurs in both the air
and water phase. The flow of soil gas is assumed to be laminar and governed
by Darcy's Law. The water phase is static. . The code can be run for one-,
two-, and three-dimensional problems, both steady state and unsteady-state.

The initial boundary conditions used. for the Rn3D code simulation are no
radon concentration gradient at large depth, zero radon flux upward into the
slab, zero radon concentration at the free soil-air surface, and a linear
pressure gradient from windward to leeward under the slab. The wind-induced
pressures (in Pa) on the free soil surface are (1): 1. Upwind, AP = 0.422U2,
where U = U(l - x%/9), U = wind speed (in m/s) above the house, and x = upwind
distance (in m) from the windward house wall. .2. Downwind, AP = -0.1507U
wnere U = U(l - z2f9} and z = downwind distance (in m) from leeward wall.

The soil properties used in the simulation are as follows. (See
Reference 4 for methods used in calculating these properties.) Raddium
activity of 110 Bq/kg was assigned to dry sand, silt, clay, and loam, and
0 Bq/kg was assumed in gravel. The following bulkx dry soil densities (kgfm3}
‘were assumed: gravel 1275, sand 1934, loam 1494, silt 1583, and clay 1290.
The emanation coefficient, e, for each soil is assumed to be the same for each
water saturation level with the following dependence on saturation, S: 0 < S
< 0.2, e =0.1 +1.58; §$>0.2, e =0.4. This simple representation approxi-
mates the observed behavior of the emanation coefficient in many soils.

Table 1 summarizes the essentxal .Soil property inputs used in the Rn3D
runs for this scudy. AIl computati ons were made Zor soil temperatures of
20°C The gravel size distribution used here had a geometric mean radius of

171 cm and geometric standa'd dev;at;on of 2.41 (4).

The wind speed distribution used to determine the annual effects of
geaval-bad reductions in radon concentrdtiTi is listed in Table 2. These wind
properties are those of thw Richland, Wdshington, sairpore.




TABLE 1. SOIL PROPERTIES

Saturation Permeability Rn &iffusivity

Soil type (2) Porosity (mzl at 20°% (mzfs)
Gravel 0 0.519 1.9 x 10°°2 7.72 x 1078
Clay 0 0.5131 1.0 = 1053 1.98 x 1078
30 4.9 x 10™16 1.51 x 10~8
47.5 2.8 x 1016 8.64 x 10?2
65 1.2 x 10-16 3.35 x 109
silt 0 0.4026 1.5 x 10*13 2.57 x 10-6
30 7.6 x 10°%3 7.95 x 10~/
65 1.8 x 10°13 1.48 x 10~/
Loam 0 . 0.4362 2.0 x 10°13 6.89 x 10-8
30 9.8 x 10°14 2.50 x 10°6
65 2.4 x 10°14 3.82 x 107
Sand 0 0.27 3.4 x 10712 7.10 x 10°5
30 1.7 x 1012 5.20 x 10°5
65 3.4 x 10713 9.59 x 10~/

TABLE 2. WIND SPEED CLASSES AND.ANNUAL PERCENTAGES

Speed class Percent of

Range used in model class
(mph) (m/s) (mph) annually
1-3 0.95 L 19.8
4-7 28 . N NAE——,. . §
gery TTILET 2 10X 23.3
13-18 7:39 sar LIWD 10.6
19-24 10.26 21.5 2.7
By

(not modeled) - .. ... 0.




RESULTS

_We began this study by searching for a suitable gravel bed depth. To
determine an optimum thickness of gravel for radon venting, we examined a case
where the soil type (clay) and saturation (47.5%) were held constant and the
gravel bed thickness and wind speed were varied. The Rn3D results for this
case are plotted in Figure 2. In this figure, the slope of each wind speed
curve, representing gravel-region average soil gas concentration versus gravel
bed depth, starts leveling out at a gravel depth of 0.1 m. Increments of
gravel depth at larger gravel depths do not produce as much reduction in radon
concentrations. Even at no wind, there is about a factor of three reduction
in sub-slab radon concentrations for a gravel bed of 0.l1-m depth above 47.5Z
saturated clay.

Figure 3 shows the effects of moisture saturation and wind speed on sub-
slab radon concentration in 0.l-m-deep gravel above clay. The effect of
saturation on percent reduction is small for clay, since clay transports radon
slowly even when dry. Figure 4 for dry soils shows that clay provides the
greatest sensitivity to wind speeds. Since the air permeability ahd radon
diffusivity in clay are lower than those of the other soils, radon removed by
the wind cannot be replenished into the gravel region as quickly from clay.
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Figure® 2. Effects of beﬂiaibfh'énd wind speed in reducing . ...
average: sub-slab radoa—eemcentraridns. Underlying soil is
47.57 saturated clay.
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Figure 3. Effects of wind speed and saturation in reducing
average gravel-region sub-slab radon concentrations. Gravel
bed is 0.1 m thick and underlying soil is clay.
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Figure 4. Effects of wind speed and underlying dry soil type
in reducing gravel-region sub-slab radeon concentrations.
Gravel bed is 0.1 m thick.



As soils become more saturated, this replenishment ability diminishes, as we
see in Figure 5. Here 65Z saturated soils show a greater sensitivity to wind
speed than the previous soils.

We now look at the end results of this study where we determined the
annual average reduction in sub-slab radon that could be expected if a gravel
bed underlaid the study house. Using the wind classes of Table 2, we con-
structed Figures 6 and 7. Figure 6 shows the percent reduction that could be
expected from 0.1 m of gravel as a function of saturation. At 65 saturation,
clay reaches 90Z reduction, followed by silt at 60Z and sand and loam at 502
reduction. Figure 7 shows that even greater percent reductions is achieved
for 0.3 m (1 ft) beds. Here reductions achieved at 65 saturation were 95,
8s, 75, and 757 for clay, silt, sand, and loam, respectively. The reader can
easily extrapolate on Figure 7 to gravel beds of depth greater than 0.3 m.

Simplifying assumptions used in producing Figures 6 and 7 were 1) con-
stant temperature (20°C) of air and soil throughout the year and 2) constant
saturation throughout year at each saturation level. Running Rn3D for all
temperature and saturation variations that would occur at a specific site were
beyond the scope of this paper.
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Figure 6. Effects of 0.1 m gravel bed, soil-séﬁuration.
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CONCLUSIONS

The following general conclusions can be made from the results above and
the related information:

Gravel beds underlying slab-on-grade houses can be useful in reducing
sub-slab radon concentrations.

Similar achieved reductions can be expected from basement houses having
gravel beds if the gravel path length from windward to leeward sides of
the basement is about the same as the slab-on-grade house.

Use of gravel beds in conjunction with a sub-slab barrier immediately
beneath the slab could achieve greater reductions.

The presence of gravel beds beneath a slab or basement would make sub-
slab ventilation more effective if needed.

The beneficial effects of winds can only be achieved if the gravel beds
are well drained. However, there are possible benefits in saturating
the gravel beds. 1In such a situation radon cannot be easily trans-
ported to entry paths in the house foundations.

Tightly packed houses in residential neighborhoods might see higher
frequencies of low wind speeds than those of this study.
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