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NOTICE

The results of this report are of a
preliminary nature. Further efforts
may change the results in this report.
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FURTHER STUDIES ON REMEDIAL MEASURES

AND RADON INFILTRATION ROUTES FOR

HOUSES WITH BLOCK WALLS

I) Introduction

Subsequent and concurrent to our report in Bancroft, Ontario

on infiltration studies of radon into houses with concrete block

walls (reference 1), we carried out further experimental remedial

measures and studies on radon infiltration for houses with concrete

block walls. These include partial sealing, in situ testing of

radon migration through the concrete web in blocks, laboratory

testing of concrete blocks, testing of migration of radon through

block walls under pressure, venting of the plenums as a remedial

measure, and venting the whole house as a remedial measure. This

report describes the results of the partial sealant method and the

test results of radon migration through block walls. These tests

were carried out to find a combinational (venting plus sealing)

approach toward a remedial measure for houses with block walls.

The results from these efforts do not represent an ultimate

approach to remedial actions for houses with block walls. This

report also includes some laboratory tests on the effectiveness

of concrete blocks as a radon barrier. These concrete blocks were

found in the Uranium City area and were generally used for base-

ment walls. We have very little data on this and we cannot genera-

lize our results.

II) Further Efforts in the Partial Sealant Approach

In Bancroft, Ontario, we reported that we were able to reduce

the radon concentration and working level by thirty percent for an

experimental site by foaming and grouting the plenums. The original
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plan for this site (referred to as address 1 in subsequent literature)

was. to coat the interior surface of the block walls with some form of

sealant, monitor the radon level and carry on further remedial work

if necessary. However, due to the late arrival of a suitable seal-

ant, and change-over in personnel, the partial sealant approach was

abandoned for this site. During the previous year, we tried the

partial sealant measure at another site with concrete block walls.

In this house (referred to as address 2 later on) half of the base-

ment was developed into an apartment suite. The apartment has

gypsum boards on the walls and linoleum over wooden false floor.

Initially, we staled the floor drain and were unable to reduce the

radon concentration and the working levels. We then sealed all the

cracks on the exposed floor surface, some exposed surfaces where

the radon flux was found to be high, all the cracks on the block

walls, all the mortar joints between the blocks and the gap between

the top of the plenum and the baseplate. All the cracks were

sealed by using epoxy sealant. The gap was first sealed by polycement

and later on sealed by epoxy. This did not reduce the radon level

nor the working level to belew criterion. In late March, holes

were drilled into plenums in the exposed part of the basement

walls, and the lower parts of the plenums were filled by urethane

foam and grout'. Generally the amount of foam injected reaches waist

height and six inches or more of grout was poured on top of the

foam. The grout acts as a radon barrier as well as fire hazzard

retardant. Later on the same wall surfaces were coated by epoxy.

The radon concentration and W.L. went down to below criterion for

about two weeks, then went back to above criterion in the third



week. He stopped monitoring after the third week. It was then

decided that venting should be used as a remedial measure for

address 2, if venting experimentation at other sites with block

walls proved to be successful. It was estimated that the cost

of tearing down, sealing, and refurbishing the apartment suite

would cost far more than venting plus maintenance costs.

Ill) Further Studies on Radon Infiltration Boutes Into
Basements with Block Walls

i) Air Flow and Pressure in Block Wall Plenums

As a continuation of our past studies, we tried to determine

the flow velocity in the plenums. The velocity was measured by

using an ALNOR Velometer. The velocity of air was approximately

20 cm/s over a one day period. The furnace and fan operations

seem to have no influence on this velocity. Table I shows the

data taken during late April at address 2 on air velocity in a

plenum and the conditions of the furnace and fan during these

measurements. The air flow was upward through the plenum.

It was also observed that when a hole was drilled into the

plenum, air flowed into the basement. There was a slight pres-

sure differential between the plenums and the basement, with

the pressure in the plenum on the high side. This pressure as

well as the upward movement of the air through the plenum was

observed both before and after the lower cores of the plenums

were filled with urethane foam and grout. The pressure was

very small and we could not make any accurate measurements

even on the most sensitive scale on the ALNOR Velometer. The

furnace and the fan operations in the house did not seem to

influence the pressure differential. The direction of the air
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TIME

9:30

10:00

10:30

11:30

13:00

13:15

13:20

13:40

14:25

15:00

15:30

16:30

VELOCITY IK PLENUM

- 20 m/S

- 20 Cm/S

* 20 Cm/S

« 20 m/S

- 20 CB/S

No measurement

= 20 ""/S

« 20 CDl/S

« 20 °m/S

« 20 Cm/S

« 20 C m/S

» 20 CI"/S

DIRECTION

Upward

Upward

Upward

Upward

Upward

Upward

Upward

Upward

Upward

Upward

Upward

FAN CONDITION

ON

OFF

OFF

OFT'

OFF

OK

ON

ON

OFF

ON

OFF

ON

FURNACE

ON

ON

OFF

ON

ON

ON

ON

ON

OFF

ON

ON

ON

Table I AIR VELOCITY MEASUREMENT INSIDE PHENUM
AT ADDRESS 2 - APRIL, 1979

- approximately
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flow was constantly into the basement. He could feel the

air flowing inwards but could not measure the flow rate through

the holes. Some of the observations together with the condi-

tion of the furnace and fan are listed in Table II.

ii) In Situ Test of Blocks as a Radon Barrier

The flow measurements in the plenums showed that one poten-

tial route of radon entry is through the gap at the top of the

plenums. The mortar joints were all coated with epoxy. We al-

ready filled the lower plenums with foam and grout and yet the

radon concentration in dwelling address 1 was reduced by only

thirty percent. The blocks themselves had never been tested

for effectiveness against radon penetration. This prompted

us to test, both in situ and in the laboratory, the effective-

ness of concrete blocks as a radon barrier. Several tests were

carried out; the conclusion we drew from these limited tests was

that concrete blocks commonly found in the Uranium City area

did not act as an effective radon barrier. The tests were

described in the following paragraphs,

a) In Situ Diffusion Test of Concrete Block Walls

In address 1 all the mortar joints between the blocks were

sealed by using epoxy sealant. A metal box with dimensions

of 6" x 8" x 16" was constructed to test the effectiveness

of the blocks in address 1 as radon barrier. The length of

the box was twice the length of a single block and the

width of the box was slightly larger than the width of a

concrete block. Three copper tubes were inserted into the

box and the joints sealed by epoxy glue. The dimensions

were such that the box fitted snuggly onto the epoxied
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TIME

14:05

14:10

14:13

14:18

14:20

14:25

15:30

FURNACE

ON

OFF

ON

OFF

ON

OFF

ON

FAN

ON

ON

ON

ON

ON

OFF

OFF

AIR FLOW

INTO BASEMENT

INTO BASEMENT

INTO BASEMENT

INTO BASEMENT

INTO BASEMENT

INTO BASEMENT

INTO BASEMENT

PRESSURE

SMALL, CONSTANT

SHALL, CONSTANT

SMALL, CONSTANT

SMALL, CONSTANT

SMALL, CONSTANT

SMALL, CONSTANT

SMALL, CONSTANT

Table II OBSERVATION ON PLENUM PRESSURE AND
FURNACE FAN CONDITIONS AT ADDRESS 2
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mortar joints on the block wall. Figure 1 shows a

schematic diagram of the metal box glued onto the wall.

The whole assembly was held in place by a rope hanging

from the ceiling. In later studies, the same set up

was used for air flow measurements. The manometer and

the pump were used for these purposes.

For the diffusion test, the rubber hose at locations 1, 2

and 3 were closed off by clamps. The box was then sealed

onto the epoxied mortar joints. The initial radon con-

centration in the box and in the plenum was taken. The

box was then left on the wall for more than three weeks

and then the radon concentration in the box as well as

in the plenum was resampled. The three weeks waiting

period was to insure that the measured concentrations

were the concentrations at equilibrium (e.g. reference 1).

The data on April 19 showed that after the three weeks the

radon concentration in the metal box to be 215.34 pCi/L

and the radon concentration in the plenum to be 201.87 pCi/L.

The initial reading in the box was an order of magnitude

lower than that in the plenum. This showed that the

blocks did not offer a great deal of resistance to radon

migration into occupied houses,

iii) Laboratory Tests for Blocks

Due to the small pressure differential between the plenums

and the basement, the previous test may not be a true measure

for the effectiveness of the block against radon diffusion. To

test the diffusivity of radon through the block, we put some

radon producing uranium ore inside the plenums of a block. He



8

Valve for pressure
gradient adjustment

Figure 1 DIAGRAM OF METAL BOX FOR IN SITU
RAOON BARRIER TEST ON BLOCK WALLS

loo
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then drilled a hole into the separation between the plenums.

Four paint cans, the circumference of which covered the girth

of the plenums were used to seal off the plenums. The radon

concentration measured in these cans are referred to as the

ore concentrations in this report. Four other cans were then

sealed onto the concrete surfaces of the masonry block. The

radon concentrations in these cans are referred to as top

left, bottom left, top right, and bottom right in this re-

port. A schematic diagram of the set up is shown in Figure 2.

The whole assembly was then left standing for more than three

weeks and the radon concentration in the cans were then

sampled daily for several days. We found that there was little

difference between the concentrations sampled in the ore cans

and the cans on the left and right of the ores. Table III

showed the results obtained in one of these tests. It can

be seen that there was no appreciable radon reduction by the

presence of the concrete. To ensure that the radon concent-

rations do not come from the radium content in the concrete

mix, we left the masonry block in a sealed flux can for a

few weeks and measured the radon concentration in the can.

The volume of the flux can is approximately four times that

of a paint can. The highest level of radon concentration mea-

sured was 24.5 pCi/L. This contribution was insignificant com-

pared to that due to the ore. The radon concentration due to

the ore was approximately ten thousand (10,000) pCi/L. Two

concrete blocks were tested this way. These blocks were chosen

at random. Our test indicated some of the available masonry

blocks from the Uranium City area were very permeable to radon

migration. We did not spend a great deal of time to test a

101
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RIGHT

Figure 2 SCHKMATIC DIAGRAM f'OR TKSTING RADON
DIFFOSIVITY THROUGH MASONRY BLOCKS
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large number of blocks this way, and we cannot assert the general

effectiveness of block walls in acting as a radon barrier.

In the basement of address 1, we randomly tested different

blocks on all the walls. All the results showed that, in addi-

tion to the chimney effect of plenums which may introduce radon

into houses, the concrete blocks would transmit radon. The

metal box was placed below ground level where the lower cores

had been blocked by urethane foam and grout. Figure 3 showed

a schematic diagram of the positioning of the metal box re-

lative to the ground level and the grouted area. This indi-

cated that a certain amount of radon migrates into the basement

laterally,

iv) In Situ Test to Determine Air Flow Through Blocks

As mentioned earlier there was a small pressure differen-

cial between the plenums in the block walls and the basements.

By evacuating the metal box, we could produce a pressure dif-

ferential between the plenum and the box. We decided to

examine the flow characteristics of the blocks when a pres-

sure differential existed. The experimental set-up is shown

in Figure 1. The test was carried out in two ways.

Initially the box was evacuated until a pressure difference

of 18 inches of water existed between the plenum and the box.

The pump was then sealed off and the water column height at

different times (in seconds) was taken until the initial pres-

sure differential was reached. By assuming that the flow rate

was a linear function of pressure differential, the flow rate

across the concrete barrier between the plenum and the basement

could be calculated. The assumption was a consequence of the

103
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RADON CONCENTRATION pCi/L
tEFT

TOP

10624

8128

10096

BOTTOM

7972

7819

6893

ORB
TOP

9193

10524

8551

BOTTOM

9088

8508

8084

RIGHT
TOP

9494

9714

8805

BOTTOM

8038

8703

6970

Day 1

Day 2

Day 3

Table III RADON CONCENTRATIONS IN
MASONRY BLOCK TEST
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ideal gas law. References 2 and 3 were -the general references

for fluid flows and gas behavior. The equations used were:

ff = kAh (1)

Where A : Area of box in ft

T : Room température in degree Kevin

At : Time interval in sections

fAJj2
 : Logarithmic pressure ratio

Ahi

R : ideal gas constant

— : flux in gm/ft second
at

Q : flow rate in litre/second or ft /second

P : barometric pressure in inches of water

Ah : pressure differential in inches of water

Equation (1) was the assumption and (2) followed from the

Avogadro's gas law PV = nRT. We did three tests in situ and

arrived at flow rates of 2.42 x 10~4 1/s, 5.34 x 10~4 1/s,

—4
and 5.06 x 10 1/s for different locations on the block wall.

The concentration of radon in the box as a function can be

given by:

c ( t ) w
VB + QT

Whore C : original radon concentration in box pCi/L

VB : Volume of box litre

radon concentration in plenum pCi/L

flow rate litre/second
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Metal Box

Floor

Figure 3 METAL BOX OM BLOCK WALL
ON ADDRESS 1
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We have performed a number of preliminary calculations to

associate the observed radon concentration in the box using

the experimentally determined flow rate. In most instances

the calculated concentration is higher than that was measured.

We do not have an explanation for this discrepancy at this

time. This maybe due to a number of reasons, the box was not

properly sealed onto the wall and small leakages developed as

the time interval exceeded a few hours. Table IV lists the

experimental data on March 13, 1979, for the changing in pres-

sure versus time. The room temperature as well as the baro-

metric pressure 15 also given. Figure 4 shows the -oganithmic

pressure differential ratio versus time. Figure 5 shows the

calculated value for radon concentration using equation (4) with

Q values calculated by equation (3) versus experimentally measured

radon concentration as a function of time. The agreement for

shorter time intervals was good.
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Barometric Pressure 772 mn Hg

Room Temperature

TIME
IN SECONDS

1

34

44

64

89

117

154

196

223

256

296

361

465

574

14°C

HEIGHT
INCHES OF WATER

21.125

18.125

16.125

14.125

12.125

.10.125

8.125

6.125

5.125

4.125

3.125

2.125

1.125

0.625

Table IV TIME VEROS PRESSURE MEASUREMENTS
IN ADDRESS 1

log
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