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1. Assignment

The company BPA GmbH, Herrenberg, hereby authorise Radon Test Office of Dr. Kemski from
11.05.2016 to perform a test of the radon inhibition capabilities of the DualProof sealing membrane.

DualProof is a PVC membrane with a Polypropylene fleece on one side. The total thickness of the
membrane, including the fleece, amounts to 2.1mm (The PP Fleece weighs 200g/m?). The thickness
of the PVC Layer is 1.2mm.

The request included the provision of the Radon diffusion co-efficient and the Radon diffusion length
of the materials.

2. Method

There are many different methods in use worldwide for the reporting of the Radon diffusion co-
efficient substantially based on measurement of the Radon flow. The specimen is placed between
two chambers to determine the rate of Radon flow between the chambers. The first chamber con-
tains a radon source which provides a steady production of radon gas. The second chamber is meas-
ured for changes in the concentration of Radon Gas caused by the possible Radon flow from the first
chamber through the specimen sample of material into the second chamber.

In Germany, there is no unified process exist for the testing of Radon gas tightness of a sealing (wa-
terproofing material) however DIN ISO 11665-10 sets out a test method for determining the radio
activity in the air of Radon 222. Part 10 sets of the provision for determining the diffusion co-
efficient in waterproofing/ sealing membranes by means of measuring the active concentration in
the air. This will be the basis for the test undertaken.

The method being used closely follows the DIN- design. The diagrams, which follow, illustrate the
measurement method used.
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The following are the parameter applied:

.& Vq = Volume of the Source Chamber = 0,2m?

By
- Vm = Volume of the Measuring Chamber = 0,05m?
V, mitC
" " - Ca - Active Radon concentration equilibrium in the Source
= a = Chamber (Bg m™3, is being measured)

Active Radon concentration in the measuring chamber
Cm = (Bgm73, the increase in Radon concentration is being
measured)

The measurement method is being applied under ‘steady state’ condi-
tions as outlined in 2. Fick’schen’s Law using the following equation:

V, mit C,
Formula:
oc(x,t) 0%c(x,t)
s ¢ ) ;
—o = p ) 2e(x,8) =0
ot Ox?
_
With
D = the Radon diffusion co-efficient (m2s™),
c(x, t) = c(x) = Radon concentration in the specimen sample (Bq m™)
A = Decay constant of Radon 222 (0,0000021 s7")
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With the boundary conditions constant the Active Radon Concentration in the Reservoir and in the
measuring, Chamber balances the Radon flow and disintegration in both chambers. The following

formula enables the solving of the of the mass of Radon diffused:

Formula
_ v _
l_ CM
; -
cosh| — | = f) 1— -
L sl VQ f -
K. AVQCQ

With
d = Thickness of the Probe (m): here 0,0021m
L = Diffusion length (m) with £ :\E
f = Radon production rate from source (Bqs™)

The active Radon concentration in the measuring chamber is calculated by the non-linear regression

of the concentration from the resolved measurement curve.

3. Performing of the Test

The material specimens were examined from 03.06.2015 to 10.06.2015 in the measurement method
as described above. The probe had strong swelling at two different points The measurement curve
with the adapted equilibrium are shown in illustration 1 and 2. The calculations reflect the parame-

ters of standard deviation. The deviation of L and D are calculated on this basis.
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Experiment 1:

Measuring device in the Measuring Chamber: RadonScout, calibrated by The Federal Office for Ra-

don Protection.

Measuring Device in the Source Chamber: Alpha Guard, calibrated by The Federal Office for Radon

Protection.
600
—— Messwaerte (3 h-Mitte)
500 1 —— Regression
Cp =350 * (1 - exp(-At
60 M ( p(-At))
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Picture 1: Measured values and adjustment experiment 1
Cq = 47.000Bqm3+10%
Cv = 350Bqm3+15%
L1 = 0,396 mm (0,380 - 0,414 mm)
D1 = 3,29E¥m?2s?1(3,03E13-3,59E13 m?s?)
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Experiment 2:

Measuring device in the Measuring Chamber: RadonScout, calibrated by The Federal Office for Ra-

don Protection.

Measuring Device in the Source Chamber: Alpha Guard, calibrated by The Federal Office for Radon

Protection.
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Picture 2: Measured values and adjustment experiment 2
Cq = 130.000 Bq m3+10%
Cv =580Bqm3+15%
L, = 0,361 mm (0,380-0,414 mm)
D, = 2,74E¥m?2s1(2,54E13-2,96 E13 m?s?)
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Result: The average/mean value of the measurement, rounded off to the third decimal:

Radon Diffusion Co-Efficient D=3,02E™ m?s™

Radon Diffusion Length L=0.379 mm

These results prove that ‘DualProof’ acts as a passive radon barrier.
It is suitable for use in buildings to prevent radon migration.

Country specific regulations must be observed.

Explanation of the above rating:

In Germany, according to the research work of G. Kellar, University of Saarland, there is a convention
that membrane materials are referred to as radon gas tight when their thickness ‘d’ is greater that
the threefold diffusion length ‘L’ (d >3 L).

For the waterproofing membrane ‘DualProof’ applies: d =2,1 mm >3 L (= 1,137 mm).

4. Remarks

The tests were carried out on the samples provided by BPA-GmbH. The samples have been used up.
The measurements were carried out under standardized laboratory conditions. The material was
tested according to the manufacturer's specifications (e.g. foil with adhesive, thickness of thick coat-
ing). It is not possible to determine the conditions for use in construction.

The results of the radon tightness test can only be applied to materials that are identical to the sam-
ple supplied and tested. Deviations in thickness, composition and material age will invalidate the test
certificate. For a general correctness and validity no liability is taken over.

When the material is used over large areas, the proper processing of the material at impacts, pene-
trations and detail seals according to the corresponding technical data sheet of BPA-GmbH plays an
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important role for the function as a radon diffusion barrier. The investigation of these detailed solu-
tions was not the subject of this test.

This test report may only be passed on completely and unchanged. Extracts or abbreviations must be
authorised by the issuer of the report.

The certificate is valid for five years from the test date.

Bonn, 15.06.2015

4 tounfle

Dr. Joachim Kemski
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