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URANIUM CITY RADIATION REDUCTION PROGRAM

FURTHER EFFORTS AT REMEDIAL MEASURES FOR

HOUSES WITH BLOCK WALLS, CONCRETE POROSITY

TEST RESULTS, AND INTERCOMPARISON OF

KUZNETZ METHOD AND TSIVOGLOU METHOD

I) Introduction

At the Bancroft Workshop in March 1979 held in Bancroft,

Ontario, we reported our attempt at reducing the radon concen-

tration and working level by the partial sealant approach

(reference 1). At that workshop, we reported that this ap-

proach was not successful. In May and June 1979, we attempted

to vent the plenums in the block walls as a remedial measure.

This report summarized the results and approaches we had taken.

The preliminary results showed that this approach was not suc-

cessful. We also tried using a single venting unit to vent

the whole house as a remedial measure for a house with block

walls. This proved to be quite successful. The results on the

ventilation of houses are published in another report that

deals with our experience in ventilation studies. This report

also deals with some data on our porosity tests on concrete

blocks, part of the results were reported by us in the Bancroft

workshop.

II) Description on the Construction of the House

We shall reiterate some of the salient features of house,

some of which were missing from the Bancroft report. The base-

ment plan of the house is shown in Figure 1. As of April 1979,

the block walls on the west side, north side and east side of the
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house had been filled with foam and grout to a height of 3-4

feet. The south wall has a retaining wall adjacent to it. The

retaining wall is cast-in-place concrete, quite porous, and has

a thickness of approximately five inches. The height is about

seven feet. The height of the block walls is about eight feet.

On the south side of the house is a storage garage. The slab

on which the garage was built extended up to the south wall

thus forming a concrete walkway between the garage and the house

of about 3>5 feet wide. The walkway is sheltered by the extended

roof of the house. The walkway is separated from the outside by

two partition doors, one on the west side and one on the east side.

Ill) Further Efforts at Remedial Measures

i) Natural Ventilation of the South Wall

We did not try to fill the south wall with foam and grout,

in part due to the uncertainty of the effectiveness of the foam

and grout combination and in part due to the difficulties envi-

sioned by the workers in administrating the foaming and grouting

process. The chief concern was that the foam and grout wall

would have to be injected from a considerable height above the

basement floor level. There was the possibility that the grout

would solidify and leave very little room for grout. The grout

is required both for fire retardation and to augment the radon

impedance of the foam. Some air samples from the south wall

wore taken. The concentration varied between 20 pCi/1 to

100 pCi/1, which was the same as observed in other walls

previously.
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Since previously we had some success in radon and working

level reduction by venting the plenums through natural means

(reference 1), we enlarged the sample ports to 1/4" in size

and left the holes open. This did not reduce the radon or

working level in the house. The air samples in the plenum

were taken again and the radon concentrations were found to

be the same.

ii) General Descriptions on Approaches

It was then decided that we should try to vent the plenums

of the block wall to see if this could be an effective remedial

measure. The estimated total air volume on the west wall is

approximately two thousand litres. The plenums are intercon-

nected through cracks in mortar joints (Reference 1). We

aimed for an air exchange rate of one per hour for the com-

bined plenum voids on a single wall.

The make-up air venting of plenums can be achieved in

two ways. Firstly, by suction on the plenum voids and intro-

ducing the make-up air through the basement, through the top

of the plenums block walls. The ground offers much greater

impedance to air movement than the empty basement, most of the

make-up air will come from the basement. The concentrations

in the plenum voids are an order of magnitude higher than that

in the basement. The combined volume of the plenum voids is

much smaller than the total house volume. The plenums will

maintain its relative high temperature in winter. In the case

of gas pockets adjacent to the walls, the initial radon con-

centration may change due to the surge influx of soil gas,

however, the replenishing of radon through the soil matrix
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eventually brings the radon level to lower levels. Figure 2

showed a schematic diagram of the envisioned make-up air flow

when suction was applied to the plenums. The success of this

remedial measure depends on the direction of flow of the make-

up air into the plenums.

The second method of introducing the make-up air is to

pump fresh air directly into the plenums. In winter, when

outside temperature reaches -30 to -40 C the input air has

to be preheated. In view of the fact that we were developing

a ventilation system with preheated air as make-up air, we

felt that it was best to test the adequateness of the whole

house venting system first.

In these considerations we tested the first approach

toward a remedial measure. The attraction of this method

is that due to the slight overpressurization of the plenums,

the total raâon influx would be substantially reduced. The

migration of radon through porous media under pressure is

the topic of another report. The fan size may be reduced

if this approach is taken.

iii) General Arrangement of the Venting System and Results

An axial .Clow propeller fan was attached onto a one

gallon paint can. Five garden hoses with an I.D. of one

inch were attached onto the paint can. The joints between

the hoses and the can were sealed by epoxy glue and then

by putty. The joint between the fan and the paint can was

scaled by tape and putty. Five h-̂ les were drilled into the

plenums approximately 6" above grade on 4f-0" centres. The

US
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hoses were forced into the drilled holes until they extended

approximately 12" below the drill holes. The joints on the

plenum were then sealed by putty. The lengths of the garden

hoses varied between 6' and 10'. Two thermometers were also

inserted into the plenums at different locations to see if

the ventilation would change the overall température in the

plenums. Figures 3 and 4 show a schematic diagram of this

arrangement. The fan was rated at 250 CFM- No further infor-

mation was available on the volume, CFM versus S.P. and BKP

curves for the fan. The garden hoses were obtained locally

from the hardware stores in Uranium City. A general reference

on fans and performance car, be found in Reference 2.

The ventilation assembly was left on the west wall for a

Tsek. The west wall was chosen because it had the highest ra-

don concentration in its plenums. After the first day, water

was found in two of the rubber hoses. The assembly was dis-

mantled, the water removed and the fan turned on again.

Also during the first week, the tenant turned the fans off

for two days. The weather turned warm at the same time

and tûe occupants of the house left the windows and doors

open during the day. The radon and radon daughter con-

centration fluctuated wildly over this period. After the

water had been removed from the garden hoses, we injected

smoke into the hose and visually checked the migration of

the smoke to determine the flow rate through the hoses. For

the shorter ones the observed speed of the smoke migration

was approximately 1.2 m/sec and for the longsr hoses the

speed was observed to be approximately 0.9 m/sec. The es-
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timate by flow rate per hose varies between 5.4 1/m to

7.2 1/m. This would give an air exchange rate of two an

hour for the combined plenum voids in the west wall.

He then enlarged the holes on the north wall and

tried to vent the north wall and the west wall. The fan

size used and the flow rates were about the same as used

on the west wall. The venting on the two walls were con-

tinuously carried out for two weeks. The radon and radon

daughter concentration did not decrease significantly.

To give a final test on the method, another venting unit

was set up on the west wall and the three units left on

for another week. Still, there was no reduction in radon

and working level concentration. We then decided that

this approach was not a good remedial method. At the same

time, it was observed that the temperature in the plenum

voids did not change, and the radon concentration in the

plenums did not change substantially. It was then decided

that the make-up air in the plenums came mostly through

the ground. The radon infiltrating through the joints bet-

ween the blocks and the footing were sealed partially by

grout and foam. There was the possibility that the south

wall was supplying most of the radon due to chimney effect.

However, the air velocity and the radon concentration in

the plenums in the south wall remained relatively unchanged.

The testing was terminated in early June and we awaited the

testing of the whole house as a remedial measure. Figure 5

shows the data collected between May 22 and June 13, 1979.

It can be seen that the radon and radon daughter concentra-
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tion did not change during this period.

IV) Results from Porosity Tests on Concrete Slabs

As reported in Bancroft, we found an average value of 12

percent for the water porosity of our test slabs. We then sent

the slabs to Saskatoon to the PFRA (Prairie Farm Rehabilitation

Agency) Geotechnical Laboratory to have the porosity of the

concrete tested. They performed the tests according to the

procedures as designated in ASTM: C642-75. The voids percent

measured were 13.75%, 14.83%, 19.85% and 15.27%. This gives

an average porosity percentage of 15.9%. The air void porosity

was estimated by us as approximately 34%. Table I gives some

values of porosities for concrete cores taken from basements of

houses in Uranium City. A rough average of these numbers gives

an average porosity of 11.5 percent. The true air porosity is

probably much larger since the mechanism of water migration

through concrete pores is quite different from that of air.

V) Tsivoglou Method and Intercomparison with Kuznetz Method

To randomly check our calculations of the working levels,

we measured the W.L. by using the Tsivoglou method and comparing

the results of Kuznetz Method. The data was taken by two workers

with two sets of equipment working side by side. We have not

tried to extract further information from the daughter concen-

trations in the Tsivoglou method. Table II shows a sample

comparison between the two methods.
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SITE PERCENTAGE

Address 1

Address 2

Address 3

Address 4

Address 5

Unknown

Address 6

Address 7

Address 8

Address 9

Address 10

Standard

Address 11

Address 12

MEAN

S.D.

8.9

14.5

4.2

12.5

9.4

9.7

15.4

8.6

14.7

9.4

10.4

17.3

11.3

15.3

11.5

3.56

TABLE I Void Percentage of Concrete Cores
From Uranium City as Tested by
Hater Saturation Method



ADDRESS

Address 1

Address 2

Address 3

Address 4

Address 5

Address 6

Address 7

Rn (pCi/1)

2.44

24.4

33.6

1.12

1.34

4.08

6.21

W.L.
KUZNETZ

0.0083

0.0535

0.1458

0.0026

0.003

0.0066

0.0210

W.L.
TSIVOGLOU

0.0083

0.0535

0.1441

0.0018

0.0027

0.0076

0.0218

RaA/Rn

0.3175

0.536

0.8170

0.135

0.435

0.402

0.52

RaB/Rn

0.3167

0.190

0.4342

0.120

0.232

0.201

0.38

RaC/Rn

0.3741

0.172

0.3146

0.222

0.095

0.107

0.27

TABLE II Sample Conparison Between
Kuznetz and Tsivoglou Method
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