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Radon is a radioactive gas

A Radon in soil is the most
important for source

A How is it formed?

A What factors affect its
concentrations in soils?

A How does it move from soils 1 /5 ¢/
indoor air? £ o). A

A What factors affect this
movement?

A How about groundwater? Il
0 Bqg/m?® [N S

S TEILYTURVAKESKUS A STR{LS KERHETSCEN
RADIATION AND NUCLEAR SAFETY AUTHORITY
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A Uranium and thorium were present already 4.6 billion years ago
when the Earth was formed

A During the crusforming cycle U an@hhave been enriched into
the crust(on average 1.4 mg/kg)

A Uranium has a halife of 4.5 billion years, so its (activity)
concentration does not really change in our time span

A Uranium decays into other radionuclides, one of which is radon
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Radioactive decay

A Radioactive atoms have too much energy in their nucleus

A The excess energy (decay energy) is disposed of when the nucleus
rearranges into a new isotope (moth&r daughter)

A In this process, radiation particle is emitted

A Onebecquerel(Bq) is one
decay per second

A Onebecquerel(Bq) of
radon equals 18
OMDPWOg) wmn

A The mass is negligible
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Uranium series
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A Uranium decays into radium via
thorium, protactinium and
uranium isotopes

A Radium226 is the radionuclide
that directly produces radon
and radon concentrations
depend on radium
concentration




Il
R ad | O aCtlve e q u I I I b rl u m Z::-Irl;t;NMENTAL INVESTMENT

A When all the members of a decay series are in equilibrium they all
decay at the same rate

I The same number of nuclear transformation per time or activity

A The time to reach equilibrium depends on the Hit of the
daughter nuclide
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ENVIRONMENTAL INVESTMENT

Environmental processes affect Ra/U ratig™==

A Weathering
I Physical weathering (temperature, pressure)
I Chemical weathering (oxygen, water)

A Erosion
I Water, wind, gravity, ice

A Biological processes

I Biological organisms recycle nutrients but also naturally occurring
radionuclides and heavy metals

A Radioactive elements of the natural decay series are chemically
different and they behave differently in these processes

I Separation of mother and daughter nuclides

RADON IS A GAS!
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Fig. 2. Depth distribution of natural radionuclides in the studied soil profiles.
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ENVIRONMENTAL INVESTMENT

Formation of radon in soll

A Radium in soil particles produces radon, which receives a recoil
energy of 8&eVA range (0.02n dnT XYO YI & NBfS
mineral

A Emanation coefficientf) is the fraction of total amount of radon
produced by radium that escapes the soil particles and is released
Into soil pores

I In some solls, radium may be precipitated on the partfgléigh
emanation coefficient

I Water in soil pores slows the recoil of radon and prevents radon from
FGaGr OKAYy3 o6FO1 (2 GKS YAYSNIt o CI
law)

I The previous alpha emissions may have weakened the mineral IAttice
radon escapes the mineral easier
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@ Start point of recoil
O Terminal point of recoil

Source IAEAech. Rep
SerNo. 474
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Moisture increasesmantion coefficie
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Radon emanation and production rat

A Radon production rat&,, = < f Cs,
A If porosity p) and density of dry matter § is known, radon
production rate per soil air volume can be calculated
G =<wnfCra” OCWD) B
A Deep in ground dilution of concentration does not happen and
radon concentration can be calculated

G =G it =fCry” OQMLIOS ®

S TEILYTURVAKESKUS A STR{LS KERHETSCENT
RADIATION AND NUCLEAR SAFETY AUTHORITY
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Radon transport in soll, diffusion

A Radon movement in soils take place with diffusion and convective
flow

I Diffusion is more important for radon exhalation from soil to outdoor air
I Convective flow is more important for transport from soil to indoor air
A Radon diffusion in open air is easy to calculate. Soil, however, is

porous and norhomogenous medium with varying moisture
contentA a more difficult task

I E.g. Rogers and Nielson (1991) suggested radon diffusion coefficient
taking soil moisture into consideration:

O OonQanen’yY @Yi )
A If no convective flow takes place, radon concentration at depth

can be calculated
Crn= G (1¢ &), where diffusion lengthis

1= @<
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Rn exhalation

Soil or residue surface

Rn transport
Source IAEAech. Rep
SerNo. 474
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Soil depth

A The depth where maximum radon concentration is exhibited
depends on soll type (data frodaunderserandWanty: Field
Studies of Radon in Rocks, Soils, Afader, 1993)
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Convective flow into the house

A Gap between foundation A Pipe penetrations

wall and base slab
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Convectiveflow

A Convection is movement driven by pressure gradient between air

spaces
Al 2y BSOGAGS FTt26 Aa OFfOdA I G§SR
v=¢l P

k = permeability ()
Kk I REYIYAO ogxEm®H2ar0de 2F | AN ¢
NP = pressure gradient (Pe‘n
A In practise, convective flow it a house depends on soil permeability,
pressure difference between indoor and soil air and flow resistance
of gaps in the foundations

I Flow resistance is important if the gap is < 0.5mm (mostly the gaps are
much wider)

it SNYSIFoAfAGES gl NRISLa ANIEEDTE QET MY
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Onlyavery narrow gaplimits radon

flow Indoors
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ENVIRONMENTAL INVESTMENT

Pressure gradient

1. The temperature difference between indoor air and soil air creates
pressure gradient

NP Tt cd,)(z¢ z), where
h T o n pyT termperarure YndoorsT, temperature outdoors

andz, height, where pressure is same inside and outside of the
outer wall. Atz=0 m (foundation) 20 K temperature difference
creates a 2.6 Pa pressure difference

2. On the outer wall facing the wind, the pressure is higher which
further creates pressure gradient towards the house

3. Ventilation units use fans to force exhaust air from the house and
further increase the pressure gradient
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Pressure gradient depends on ENVIRONMENTAL INVESTHENT

temperature difference, ventilation and

wind
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Radontransportseasilyin permeablesoll

Rnin soilair,
Bg/m?3
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Effect of the drainage layer

w Drainage layer is 260 cm deep
layer of gravel, which increases
radon flow into the house

A Gravel increases radon entry ,\

Into the house even if its own
radon production is low

w Gravel produces radon and depending on it 2& ¢concentration
may be a significant contributor to indoor air concentrations
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Permeability affects radon entry
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Permeabilities

A Moist clay, concrete 10" m°
A fine silt 10 m°
A Medium compact sand 10" m?
A Fine gravel 10°m?
A coarse gravel, lighiveight

concrete blocks 10" m?

Moisture reduces permeability to air but increases radon emanation
coefficient and radormenceproduction rates
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Foundation type Is Important

A Slabon-ground —[

I Commontype in Finland AV
I Most challengingegardingradon > ,%
N\

A Reinforcedmonlith) slab = 3
I Uniformconstruction

B

=g AL g

A Crawl space foundation |

I Radon concentration dilutes E ~—> +~»
in crawl space
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A Slabon-groundandfoundation, —[
no cellar RE

i Castconcrete 109 Bg/n? D > ,%7
i Lightweightblocks 154Bq/m? N

A Reinforcedslabfoundation 93 Bg/n?®

T Uniform construction D \_7

|
A Crawl space foundation 61 Bg/n?  E—> E E

I Radon concentration dilutes
in crawl space

B

a8
L
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ENVIRONMENTAL INVESTMENT

Houses built on slopes (sermasement)

A Houses built on slope have (with open staircase between floors)
have the highest average radon concentration: 156 Bg/m

Ll
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Crawl space
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Foundation types in recent decades caas
60 %
50 % i VA Ao " —=— Slab-on-
T o, VW v ground
40 o —8— Semi-
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30 % O
Ey W ---0--- Cellar or
20 % : = - i partial cellar
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10 % 1o TR R — = slab
I Pooton Oobo="0 WACRSROgoGE .
O % 1 T - T T T T T T T
1960 1970 1980 1990 2000 2010

Construction year

A Slabon-ground became popular in the 60s and has maintained the
popularity

A Crawl space has increased popularity during recent years
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Ventilation during past decades
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Radon concentration towards 2000s
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Radon concentration according to construction

year (onefamily, attached and terraced houses)
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Apartment buildings

A In apartment buildings, there may be high-Bancentration on
ground floor apartments. It is common that there the negative
pressure is high ({20 Pa)

A In upper floors, radon originates mainly from building materials
A Vertical pipe ducts may carry radon from ground floor to upper

floors
Type N Mean Median Maximum
Ba/m3  Bg/m3 Bg/m3
Above built space 523 44 36 424
On soil/rock 49 122 79 687
Total 572 51 37 687

Source: National radon survey 202607
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Ground contact flats have the same _
mean RAconcentration as houses
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Rnconcentrations are declining also J’!_
In flats
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Seasonal variation

A Convective flow from soil to indoor air is the most significant route
I temperature, ventilation, wind
A In winter, the temperature component is the greatest

00 - Source{ NG SAft& &YLINNXZGGI
6 { N djedytlimtuvallisuus
2.0sa, STUK, 2003)
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Exception: eskers
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A Eskerdavea high
permeabilityandcan
actlike chimneys

A Thecoldsoil air flows
downwardin summer
andmaycause
pressuregradienton
the bottom of the
esker

A Onlyif the slopeis
steepandsoilisvery
permeable




