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1. INTRODUCTION

This document constitutes the fourth annual report on the program for

the Investigation and Implementation of Remedial Measures for the Radiation

Reduction and Radioactive Decontamination of Eliiot Lake. In practice the

program is mainly concerned with the investigation and reduction of radon

and radon daughter concentrations levels in inhabited premises at Elliot Lake,

Ontario. Progress up to the end of December 1980 is reported.

In late 1976, a preliminary house-to-house survey carried out under the

coordination of the Federal Provincial Task Force on Radioactivity identified

a number of premises in which radon daughter levels were sufficiently high as

to merit further investigation or remedial action. In mid 1977, a contract for

such work was awarded by the Department of Supply and Services (DSS) on

behalf of the requisitioning department, the Atomic Energy Control Board

(AECB), to Dilworth, Secord, Meagher and Associates Ltd. (DSMA), in

collaboration with Acres Consulting Services Ltd. (Acres). In 197S the

division of DSMA carrying out this work became DSMA ATCON LTD. as the

result of a corporate re-organisation. Subsequent contracts were awarded to

DSMA ATCON LTD. in colloboration with Acres.

By the end of December 1980, an extensive survey program involving

more than 26,000 measurements had been carried out in town, identifying 232

premises where remedial action was required. Successful remedial work has

been carried out at 146 premises, with work planned or in progress at an

additional 31 premises.



2. SUMMARY

2.1 Review of 1977-1979

The project started in mid 1977, and the remainder of that year was

largely spent in determining that the cause of elevated radon concentrations

in houses was not unusually high radium concentrations in the local

environment, from natural occurrence or the acts of man, but rather that

large amounts of soil gas, containing significant amounts of radon would

enter some buildings whenever the pressure differential was favourable. The

early part of 1978 was spent in identifying the most frequent routes of so-l

gas entry into buildings, and demonstrating effective materials and remedial

methods to close these routes. By mid 1978, it was known that water

trapping the weeping tile where it entered the sump or floor drain was an

effective remedial measure in nearly half of the houses.

Other major routes of energy were the wall-floor joints, and openings

around basement plumbing fixtures. A polyurethane-based rubber sealant

with a concrete protective cover was found to be effective in closing these

openings. These two techniques have been in general use since then.

By early 1979 it was clear that additional remedial techniques would be

needed to exclude soil gas from houses with hollow concrete block basement

walls. Methods tested included sealing the interior block wall surfaces, and

exhausting soil gas from beneath the floor slabs. Only the sub-slab exhaust

performed sufficiently well to be considered for further development.

A systematic survey involving measurements taken over a period of at
least twelve months is required to properly estimate the annual average
radon daughter concentration. Such a survey was started in mid 1978, and
was about 80% complete by the end of 1979.



Additional surveys started in 1979 were the business survey and the

fill-in1 survey, which measured 'VL's in houses that would not have been

candidates for investigation except that they were close to houses identified

as exceeding the criteria.

2.2 Review of 1980

2.2.1 Radon Survey Program

The twelve months' survey measurements were completed in most of

the houses under survey by late 1979, and demonstrated that most houses had

annual average radon or radon daughter concentrations considerably less than

the criteria. Completion of these surveys greatly reduced the work load in

the laboratory, releasing staff for other tasks.

A "fill-in" survey started in 1979 was completed. This survey found a

few houses that exceeded the criterion, but the results suggested that the

reason for clustering of above-criterion houses was similarities in house

construction techniques, rather than location in town.

It had been intended to carry out the business survey with passive

intergrating radon monitors, but calibration difficulties prevented their use.

It was decided to proceed with the survey using spot WL sampling instead.

Each building received a screening survey, with measurements taken in each

distinct area of the structure. As many buildings were extensively sub-

divided, this required a considerable survey effort, which is reflected in the

increased number of samples processed by the laboratory.

A number of premises were identified as exceeding the criterion by the

screening survey. Two buildings frequently had concentrations in excess of

350 mWL, and several had concentrations in the 70 to 120 mWL range. A

twelve month survey is now in progress to determine the average WL in the

remaining premises.



An 'extra survey' was started during the year to formalise the procedure

by which additional measurements are made in houses (usually at the request

of the AECB) to better define the average WL.

The last major house survey, the 'confirmatory survey' was started

during the year. Twelve monthly WL measurements are being taken in

approximately 5% of 1800 houses that were below the 1976 Task Force

Survey investigation criterion to verify the validity of that criterion as a

guide to investigation.

2.2.2 Gamma Dose-Rate Survey

Although the program has mainly been concerned with reduction of

radon daughter concentrations in houses, there have been a few cases where

gamma radiation levels were high enough to require remedial action. An

extended gamma survey was started last year to make measurements at and

in all privately owned houses built before 1977, and over all public spaces.

Gamma fields in excess of the criterion were measured in a number of

driveways and public areas, but not inside houses. Extensive measurements

at a house identified last year as exceeding the criterion found that the

internal gamma fields did not reach the remedial action criterion.

A summary of survey program status is shown in Table 1.

2.2.3 Remedial Program

The 1980 remedial program was organised into two separate activities,

exterior gamma removal, and radon daughter concentration reduction. A

summary of remedial program status is shown in Table 1.

The extended gamma survey identified a number of driveways, public

walkways, and public areas that were in excess of the criterion. The

driveways were removed and replaced without incident. Removal of

radioactive rock on public property was delayed t i l l 1981 so that i t could be

coordinated with the town park maintainance program.



Remedial work by routine sealing techniques continued in those houses
with poured concrete basements. A review of the success of remedial actions
in houses with concrete block basements led to the general conclusion that if
soil gas was entering the basement through the walls, it was impracticable to
treat the walls to exclude it. The preferred remedial methods were either
soil ventilation or basement ventilation.

A summary of remedial program status is shown in Table 1.

One house that had the concrete block basement walls filled with grout
in 1979 continued to have elevated radon levels, and suffered from water
leakage through the walls. The complete house and attached garage
structure was raised 60 cm, and a new concrete basement poured inside the
old basement. The joint between the walls and floor was closed by a water-
stop. The house was then replaced on the new foundation. Radon daughter
concentrations were reduced to below criterion, and water leakage stopped.

2.3 Future Course of Project

The next project year will see the completion of 12 months of survey
measurements for those premises in the confirmatory and business surveys.
This will complete the survey program except for those few houses where the
occupants cannot be reached during extended working hours, or have refused
cooperation.

The gamma survey will be completed inside and outside all privately
owned houses in town, and over all public areas during the spring of 1981. It
is expected that these surveys will identify all candidates for remedial work
by mid 1981, which will leave sufficient time for contracts to be issued and
all exterior remedial work completed before the onset of winter. The AECB
is expected to start final compliance testing of houses in early 1981, and so
there may be additional remedial work required on houses that do not pass
this test. The final phase of remedial work will probably be the installation
of tempered ventilation units into all premises where radon levels cannot be
economically reduced in any other manner.



3. CRITERIA FOR RADIOACTIVE CLEAN-UP

3.1 Source of Criteria

The Federal-Provincial Task Force on Radioactivity was established in

February 1976 to coordinate a national program of radioactive contamination

assessment and remedial measures. One of several working groups

established by this Task Force developed the criteria to be applied to the

program at Elliot Lake. The following discussion is adapted from AECB

Bulletin 77-2, dated 7 April 1977.

3.2 Radon Daughter Exposure

Radon and its decay or daughter products are always found together and

are inhaled together, but the resultant radiation dose received by the lungs is

predominantly from the daughters rather than the radon gas. Consequently,

the clean-up criterion is quoted in working levels (WL's) which are a measure

of radon daughter concentration. The WL unit provides a measure of the

total alpha radiation energy associated with the short-lived radon daughter

products in one litre of air. If the average degree of equilibrium between

radon and its daughter products is known, it is possible to convert from radon

gas concentrations expressed in picocuries per litre (pCi/L) to daughter

product concentrations expressed in WL's.

The primary action criterion is intended for application in actual or

potential living or occupied areas of homes and other buildings, and applies to

the average radon daughter concentration over the course of a year. Short-

term fluctuations above the quoted value are not significant as long as the

yearly average meets the criterion.

This Primary Criterion is 0.02 WL. The health risk resulting from

continuous exposure to 0.02 WL is low, and comparable to the risk associated

with the radiation dose limits specified in the Atomic Energy Control

Regulations for persons living in the neighbourhood of licensed nuclear

facilities.



3.3 Gamma Radiation Exposure

Gamma radiation exposure rate is expressed in milliroentgen per hour (mR/h)

Gamma radiation inside buildings:

Prompt Interim Action - greater than 0.10 mR/h at 1 m above

floor in centre of room

Primary Criterion - greater than 0.05 mR/h at 1 m above

floor in centre of room

- greater than 0.05 mR/h at 0.5 m

from a localized area

Gamma radiation outside buildings:

Primary Criterion - greater than 0.10 mR/h at 1 m above

bare ground

- greater than 0.25 mR/h at i m above

the surface of an existing road

averaged over a distance of 1 km.



REMEDIAL PROGRAM DESCRIPTION

The intent of the remedial program is to:

(1) identify those buildings in Elliot Lake with annual average WL's in

excess of the action criterion of 0.02 WL,

(2) demonstrate that the annual average WL is below 0.02 WL in those
buildings where remedial work is not performed,

(3) discover the route(s) of radon entry in identified buildings and either

close sufficient of them or increase ventilation rates to reduce the

annual average WL to less than the action criterion of 0.02 WL, and

(4) demonstrate that the annual average WL following remedial work is less
than the action criterion of 0.02 WL.

To meet these requirements, the Remedial Program is organized in two

subprograms, the Survey Program and the Remedial Action Program.



5. SURVEY PROGRAM

5.1 Survey Requirements

As the basis for remedial work is the Annual Average WL in a house,

two major surveys were started in 1978 to estimate this quantity by making

measurements over a period of 12 months. These were the WL survey and the

Radon survey.

5.2 WL Survey

This Survey estimates the Annual Average WL from 13 WL

measurements taken at regular intervals through the year. This survey is now

complete.

On 31 December 1980, the survey had been completed in 129 houses.

During the year, the survey was completed in the last 16 houses, 8 of which

were identified as below the remedial action criterion, and 8 were identified

as above the criterion.

In total, 107 houses were identified as below the remedial action

criterion, and 22 were identified as above criterion.

5.3 Radon Survey

The Annual Average radon concentration in a house is estimated from

the average radon concentration measured over a one week period at six

equally spaced intervals through the year. The radon averaging units consist

of a low volume AC powered peristaltic pump which pumps air into a

polyester bag, which is sampled and emptied at 3 and <t day intervals. The

average concentration of radon is calculated from the concentration in the

bag. This survey is almost complete^
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On 31 December 1980, the survey had been completed in 301 houses,

with 19 svill on survey. During the year 35 houses were identified as below

the derived remedial action criteria of 5 pCi/litre average radon

concentration, and 9 were identified as above the criterion. Additional

measurements are in progress in 7 of the houses still under survey to

determine the average more closely.

Calibration problems with the AECB passive integrating radon monitors

prevented their use in the field during 1980. The survey will be completed in

the few remaining houses with the pump and bag units.

5 A Fill-in Survey

Houses with an annual average WL in excess of the criterion are often

found in apparent dusters separated by a few houses that were below the

investigation levels on the 1976 survey. To check if these houses were

genuinely below criterion, a fill-in survey was carried out in houses adjacent

to those identified as exceeding the criteria.

This survey is now complete. On 31 December 1980, the survey had

been completed in 126 houses. During the year, the survey was completed in

the last 8 houses, 7 of which were identified as below the remedial action

criterion, and 1 house was identified as above the criterion.

In total, 115 houses were identified as below the remedial action

criterion, and 11 above the criterion.

5.5 Business Survey

This survey is being carried out by spot WL sampling. A 5 sample
screening survey was carried out in each distinct area of the building in the
spring of 19S0, to identify those premises well in excess of the criterion.
Measurements are now being made at regular intervals to determine the
annual average in the remaining buildings.
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On 31 December 1980, the survey was in progress in 126 buildings, and

23 buildings had been identified as exceeding the remedial action criterion.

5.6 Confirmatory Survey

About 1600 houses were below the investigation criterion of the 1976

Task Force Study. To confirm the validity of this criterion, a twelve month

WL survey is being carried out in an approximate 5% sample of these houses.

On 31 December 1980, there were 89 houses under survey, and the

survey was complete at 6 houses. During the year 1 house was identified as

exceeding the criterion.

Table 3 lists all the houses and buildings identified as exceeding the

radon daughter criterion during 1980.

5.7 Gamma Survey

In 1979, a house of standard design was found to have an internal

gamma exposure rate in excess of the criterion as a result of mine waste-

rock used as aggregate in the concrete slab. As a result of this, an enlarged

gamma survey was sf "«d to make measurements in and at all privately

owned homes, and over public areas.

On 31 December 1980, surveys had been carried out in 440 of 16*0

houses, and surveys had been carried out over 1454 of 1644 driveways and 36

out of 46 public areas. No houses were found to exceed the internal gamma

criterion. The external gamma criterion was found to be exceeded by 20

driveways and 14 public areas.

Table 4 lists the houses identified as exceeding the gamma criteria

during 1980.
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5.8 Post Remedial Survey

The purpose of the surveys described above is to identify those premises

requiring remedial work- The post-remedial survey is carried out after

remedial work to show that it has been successful in reducing the average WL

to below criterion. As major restoration of finish is not started until a

satisfactory result is obtained, the survey is limited to a short period.

The procedure is to take a WL measurement each day for 10 consecu-

tive working days. If the best estimate of the mean is less than 20 mWL, the

house records are forwarded to the AECB for consideration as complying with

the primary criterion.

5.9 Survey Management

The remedial program logic diagram (Figure 1) shows the

interrelationship between the survey to identify houses as candidates for

remedial work, the remedial work, and the post-remedial survey.

A computer based records system contains the survey measurements

made in each building and information about the status of a house as it moves

through each stage of the remedial program. A weekly summary list is

produced showing the status of each building, and a separate list gives the

average WL to date of all buildings under survey or receiving post-remedial

monitoring. With the number of houses in process, this system greatly

facilitates review of the work.

The addition of the business survey measurements increased the size of

the data-base to occupy nearly a complete 2.5 Megabyte disc cartridge. To

reduce the size of the data-base, all survey readings from the 457 houses

accepted as meeting the primary criterion were transferred to a back-up

disc. This provided ample space for the active files.
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5.10 Statistical Analysis of Survey Data

An evaluation of the variation of the ratio of WL to radon

concentration was carried out in the spring of 1980. Variation of the ratio of

individual measurements with time, from house to house, and within a house

was examined, together with the variation of the average ratio from house to

house, and over a time period. The data was supplied to another AECB

contractor as part of a study designed to evaluate whether the derived

remedial action criterion of 5 pCi/litre was generally applicable to all

remedial action sites.



6. LABORATORY OPERATION

In 1980, the laboratory made 6028 WL measurements and 652 radon

measurements in support of the survey programs (shown in Table 2). In

addition to these, approximately 1000 radon measurements were made in

support of the route of entry survey carried out in each house before

remedial work takes place.

All permanent staff are trained to take survey samples, operate the
counting equipment, and calculate results. AH calculations are checked by a
second person.

6.1 Instrumentation

Radon and radon daughter measurements are made with EDA RD 200

counters supplied by the AECB. These are portable photomultiplier units

with a built-in sealer/timer, an LED display, and can operate from either

internal dry cell batteries or an external AC power supply. The high voltage

applied to the photomultiplier tube is switch-selectable so that the optimum

voltage can be chosen to count either radon contained in scintillation cells or

radon daughters collected on air filters.

6.1.1 Radon Measurements

Radon concentrations are measured with individually calibrated

155 cm flow-through scintillation cells. Approximately 1 litre of air is

drawn through the cell by a hand pump. The normal counting time is 10

minutes, and backgrounds are also determined over the same time period

before each cell is used. Cell plus counter background is typically 0.7

counts/minute.
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6.1.2 Working Level Measurements

The standard sampling technique is to take a 3 minute air sample at a
flow rate of 30 litres'" m . ,•!•;..«*n a 2.5 cm diameter Gelman glass fibre filter
with a portable Star ex AC pew.-red pump. The alpha activity on the filter is
counted by mount): % it Lo en arLptor which holds the iilter close to a zinc
sulphide scintiliator disc, ano iocates it in front of the photomultipiier tube.
After a delay from sampling of *0 to 1*0 minutes the count rate is
determined over a period of 5 minutes, and the WL is estimated by the
modified Kusnetz method.

If the results of a WL measurement are required rapidly, the Rolle
method is used to estimate WL, as described last year in Technical Note 9.

When it is desired to estimate the concentration of RaA and the WL a
modified Markov-Rolle method is used, as described last year in Technical
Note 10.

6.2 Gamma Radiation Measurements

The gamma radiation field is measured either with Eberline PRM-7 or
McPharr M-l^ scintilation survey meters with 2.5 x 2.5 cm Nal crystals.
These were calibrated by the manufacturer with Cs-137, and the
discriminators are set so that they read approximately 0.6 of the exposure
rate from a radium source in a low scatter environment. When exposed to
the normal terrestrial radiation field, their readings are similar, and close to
the true value of the exposure rate.

An EDA GRS *00 5-channel integral spectrometer with a 5 x 7.5 cm Nal
crystal is used as a high sensitivity search instrument, and also to measure
the relative intensities of gamma radiation from potassium, uranium and
thorium so that the source of radioactive contamination can be identified.
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6.3 Ventilation Rate Measurements

Sulphur hexafloride (SFg) is used as a tracer gas for air movement and

ventilation studies. A few cm of SF, is released at a known location and the

resulting changes in concentration are measured by a portable gas

chromatograph with an electron capture detector. Samples are collected

either in polyester bags, or in evacuated glass tubes with rubber stoppers.

During 1980, about 250 samples were measured. This marked reduction

in activity was caused by the completion of the Keith Consulting Ltd.

measurement program, and by the return of the chromatograph to the

manufacturer for routine maintainance. The molecular sieve column was

replaced, and a new tritium foil installed in the electron capture detector.

An iterative least squares computer program to estimate upstairs and

downstairs ventilation and transfer rates from sequential tracer gas

measurements at different locations in a house is now available.

6.4 Quality Control

6.4.1 Radon Concentration

A 100 ng radium chloride source dissolved in hydrochloric acid is used

to provide radon concentrations of approximately 40,000 Bq/m

(1000 pCi/litre) by allowing radon to accumulate to equilibrium in the

solution, and bubbling approximately SO litres of air through the solution into

a polyester bag. The concentration in the bag is then determined with 2

calibrated standard cells.

New cells are calibrated by withdrawing approximately 1 litre of air

from the bag through the cell, and counting it about 4 hours later. They are

then left for 24 hours and recounted to check for leakage. If the radon

concentration has decreased significantly more than the amount due 10

radioactive decay, the cell is rejected and returned for repair.
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Most cells have sensitivities close to 5 counts/min/pCi in cell (0.75

cpm/pCi/litre). Repeated measurements on a group of cells show that the

cell sensitivity varies about — 10% from measurement to measurement. For

this reason, and for operational convenience, cell sensitivities are rounded to

the nearest integer and the ceils colour coded. Comparisons of repeated

calibrations on the same cells over a period of 3 years show that sensitivities

do not change significantly with time as long as the cells do not develop a

leak.

Two sealed scintilation cells containing approximately 0.15 ngRa and

1.0 ngRa are used to set the plateau on the counters, and are counted daily as

a check on the proper operation of the counters.

6.4.2 Working Level Measurements

Air Flow Rate

The air flow rate produced by each Stapiex pump is measured daily by

drawing an air sample through a glass fibre filter in a closed face filter

holder connected to a variable area flowmeter (rotameter) which has been

compared with a wet test meter.

Counting Efficiency

A calibrated Am 241 spectroscopy source of about 500 Bq plated onto a

2.5 cm diameter metal disc is used to determine the counting efficiency of

each adaptor. The nominal efficiency is 45%. A similar but uncalibrated Am

241 source of about 50 Bq is used to determine the variation of count rate

with photomultiplier voltage (plateau).

An Am 241 instrument check source of about 500 Bq, protected by a
thin silver foil, is counted daily as a check on the proper operation of the
counters.



The activity counted on the filter is RaC (Po 2H) with a 7.7 MeV

alpha, which is degraded by absorption in the surface layer of the filter and

the presence of a layer of atmospheric dust. Experiments have established

the relationship between the plateau for Po 214 on a filter, and the Am 214

spectroscopy source, so the optimum voltage for counting RaC1 can be

determined from the Am 21 k plateau.

Ê.4.3 External Gamma Radiation

A 10 microgram Radium source and styrofoam calibration support is

used to check the calibration constancy of the survey meters. These were

calibrated by the manufacturer with Cs 137, and the discriminator is set so

that they read approximately 0.6 of the exposure rate from a radium source.

When exposed to the normal terrestrial radiation fielu, their readings are

close to the true value of the exposure rate.

6.5 Equipment at Site

Radiation measuring equipment includes 4 RD-200 counters, 85

scintillation cells, 3 Staplex air pumps, about 50 filter holders, a PRM-7

survey meter, a McPhar M-14 survey meter, and 15 pump and bag radon

averaging units. Other equipment includes an EDA RDR-511 continuous

radon monitor, an EDA GRS hand-held integral spectometor, a gas

chromatograph with electron capture detector, and a Kurtz thermal probe

air-velocity meter.
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7. REMEDIAL ACTION PROGRAM

7.1 Reduction of Radon Daughter Concentration

When the survey has identified a building as above the remedial

criterion of 0.02 WL it is subjected to a step-by-step process consisting of:

investigation

remedial treatment selection

remedial work, and

post remedial monitoring.

7.2 Investigation

An investigation is carried out to locate the route or routes of entry,

and to select either the most cost-effective method of closing them, or the

improvements in ventilation required.

In ore to minimize the cost of remedial action and inconvenience to

the occupants, identification and remedial action are carried out in two

stages.

7.2.1

A building is visually inspected to identify the obvious routes of entry,

such as untrapped weeping tile and direct openings to the soil. Other visible

but less obvious routes such as floor cracks and abandoned piumbing fixtures

are identified at the same time and are subjected to tests to estimate their

importance as routes of entry. On the basis of the test results, these routes

are either closed as the first stage of the remedial work or left.

On completion of Stage I remedial work, a Post-Remedial Survey is
made to ascertain if the average WL is reduced to acceptable levels.
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7.2.2

Should the result of Stage I not be satisfactory, then a decision is made

to complete the closure of all visible routes. If there are no visible routes, an

efflux test is conducted to find concealed routes, such as openings behind

wall finish, beneath floors, under built-in furnishings, etc. When these routes

have been identified, a second stage of remedial work is started.

On completion of Stage II remedial work, a Post Remedial Survey is

made to ascertain if the average WL is reduced to acceptable levels. This

process limits the amount of remedial work to that required to bring the

average WL below the AECB primary criterion. It also minimizes demolition

and restoration work in those homes which have finished basements.

Table 4 lists the 4! buildings investigated for the first time during the

year.

7.3 Remedial Treatment Selection

It is usually possible to reduce radon daughter concentrations in houses

to below the primary criterion by preventing the entry of soil gas containing

radon into the house substructure. As there are a large number of houses in

Elliot Lake of similar construction, a number of standard methods of

treatment or fixes have been devised to cope with the majority of the routes

of entry.

The materials and methods considered for use in remedial work were

tested at the Acres Laboratory in Niagara Falls. Those that were found to be

satisfactory were then tested under field conditions to confirm that they

were within the capability of local contractors.

As a result of the field experience, modifications had to be made to

some of the proposed methods. Materials also had to be changed since their

use in the field revealed problems not indicated by laboratory tests.
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Field testing showed that adequate closures can be obtained with simple

systems using techniques common in the building trades, but that constant

and detailed supervision of every stage is required to ensure that the systems

are installed effectively.

The standard remedial treatments are listed in Table 5.

7A Remedial Work

7.4.1 Contract Control

After a building has been investigated, the cost of necessary remedial

work is estimated. The cost is considered together with other factors

concerning the building to determine whether it should be allocated to the

"in-house" contract or a public tendered contract.

Once a building is allocated to a contract, a daily cost file is opened

and maintained. A daily log recording the labour, materials and equipment

used is prepared by the contractor on all contracts and approved by the

inspector. A comparison is made twice monthly between the estimated cost

and the actual cost for the progress achieved. A monthly progress report

compares expenditure and commitments with the budget.

7.4.2 In-House Contract

Testing new materials and methods that are potential solutions to new

problems is an ongoing program, and the final test of any solution is to try it

in the field. As the schedule and costs of new methods are not usually

predictable, this work is not suitable for public tender contracts.

These houses are allocated to an "in-house" program where direct

control of the labour force and costs can be exercised. During periods

between publicly tendered contracts, the remedial program is maintained by

including selected houses in the "in-house" program.
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7.4.3 Publicly Tendered Contract

Specifications for remedial work and remedial documents are prepared

and issued for public tender. A standard contract consists of r~-nedial work

on up to 2* buildings scheduled over 3 to 6 months, depending on the extent

of the work.

During 1980, two contracts let in 1979 were completed, and two

standard contracts cailed. Work is still in progress on both of these. One

special contract for remedial work in a single house was called and

completed.

7.5 Remedial Program Summary

During the year January 1, 1980 to December 31, 1980, 41 buildings

were investigated for the first time and remedial work was carried out on 85

premises. Of these, 42 yielded WL or gamma values suitable for submission

to the AECB after Stage 1 remedial treatment-alone, and 16 were sub-nitted

after Stage II remedial treatment, for a total of 58 premises.

The status of the program as of December 31, 1980 is shown in Table 1.

The work performed in each of the 58 premises receiving successful

remedial work is shown by code number in Tables 6, 7.

Table 6 shows the 42 premises that complied with the criterion after

Stage I remedial work alone.

Table 7 shows the 16 premises that complied with the criterion after

additional (Stage II) remedial work.

Table 8 shows the 27 premises presently in the remedial work program.

Table 9 shows the 30 premises under investigation.
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The most frequent major routes of entry were untrapped weeping tile

connected to either a floor drain or a sump, and the wall-floor joint. Minor

routes included floor cracks, service penetrations, and occasionally wall

cracks.

Houses awaiting remedial treatment are generally houses with concrete

block basement walls where a final choice of remedial treatment has yet to

be made.

7.6 Reduction of Gamma Exposure Rate

7.6.1 Interior

No houses above the remedial action of criterion of 0.05 mR/h at 1

metre above the floor were identified in 1980. Detailed measurements at one

house identified in late 1979 as exceeding the criterion showed that although

the gamma field was elevated, the criterion was not exceeded.

7.6.2 Exterior

A number of driveways and public walkways were found to be composed

of mine waste rock, with gamma fields in excess of the exterior remedial

action of 0.1 mR/h at one metre above the ground. The radioactive rock was

removed from the driveways and replaced without difficulty. Removal from

public areas was delayed until 19S1 to enable coordination with municipal

park maintainance operations.

7.7 Reduction of Radon Daughter Concentration

Extensive remedial work was carried out at house #131 during 1980 in
addition to the work described in the 1979 Annual Report.

House 131
The block basement of this single storey house was subject to earth

pressure from the clay bank into which it was built. Last year a second



concrete floor slab was poured over the original floor to reduce gamma

radiation from mine waste-rock used as fill beneath the basement floor.

Removal of the radioactive rock was considered not feasible because of the

evident soil pressure from the clay bank, which had cracked the basement

walls. This did not reduce radon daughter concentrations, and so further

remedial work was carried out, consisting of filling the cavities of the block

walls with cement grout and sealing the perimeter wall/floor joint. These

measures reduced the WL, but it still remained above criterion.

The remedial program this year was continued by filling the concrete

block colums with grout, followed by the removal of two columns and

replacement by steel jacks.

Elimination of these routes of entry still did not reduce the level to

below criterion. It was found that soil gas containing high concentrations of

radon was entering the basement through cracks and voids in the original

mortar between the concrete blocks. The horizontal and vertical mortar

joints of the first block above floor level were cut back, re-filled -and sealed,

but a significant reduction in WL was still not achieved.

Filling the hollow blocks with mortar resulted in a water entry problem.

Previously water entering the blocks from the outside had run down inside the

block cavities, collected at the footing level (below the slab) and then drained

through cracks and joints to the soil. After the cavities were filled, exterior

water penetrated the cracked mortar joints between the blocks, and appeared

on the inside of the walls.

The solution to both these conditions appeared to be to replace the

basement. Prior to taking this action a geotechnical examination of the

surrounding soil was made. The recommendation was that no excavation

should be made in the area at the rear of the basement unless the clay bank

was stabilised against movement by sheet piling. This would be a major

undertaking. As a result it was decided to leave the existing basement in

place, and to construct a new sealed basement within the old basement.
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Large steel beams were passed beneath the house and attached garage,

and the building was lifted. New basement walls of concrete were poured

inside and over the top of the existing walls to increase the basement

headroom. A new floor was poured, and sealed to the walls by a continous

plastic water stop. The house was then replaced on the new foundation.

The rear wall of the new basement was strengthened by reinforcing

steel bars and a buttress. Despite these precautions, cracks developed at soil

pressure locations due to soil movement in the short time between pouring

the new wall and the concrete developing strength as it set. The cracks did

not extend through the wall, and were routed out, and filled with sealant

against gas entry. Radon levels were reduced to below criterion. Water

relief piping was placed under and around the new basement and the town

drainage system in the vicinity modified to accept the discharge. The entry

of water to the basement has been stopped.

7.S Commercial Investigation Program

Concrete blocks have been used extensively in the construction of

commercial buildings. Where the buildings have a basement, it is normally

used as a storage area, and little of the wall and floor surfaces are accessible

for investigation. Past experience has shown that in such conditions

ventilation is the most successful and economical remedial action.

Ventilation is additionally attractive as most commercial buildings have a

ventilation system, and ventilation is a remedial action acceptable to most

commercial operators.

When a commercial building is identified as having elevated radon

levels, it is policy to investigate the building to find out if first if there are

obvious routes of entry such as sumps which can be closed off, and second

whether the existing ventilation system can be modified or extended as a

remedial measure.
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The investigation is carried out in 5 steps. These are:

1) An initial investigation is made to identify visible routes of entry and

the type of ventilation system.

2) A ventilation trade contractor examines the system and reports on the

manner in which it is currently operating, and the capability for

modification or adjustment to improve ventilation in those areas with

high radon concentrations.

3) If changes are feasible, the extent is discussed and agreed with the

building owner. Any improvements which the owner wishes to add to

the system at this time are included on a cost sharing basis.

k) The building is resurveyed with the modified system in operation. If the

radon concentration remains high, a plan for remedial actions is

prepared incorporating redesign or modifications to the ventilation

system and the closure of identified routes of entry.

5) On completion of each stage of remedial action, the building is

resurveyed. When the results show the radon concentration is below

criterion, the building is submitted for compliance.

Henderson Metal Fabricating Company of Sault Ste Marie have been

engaged to investigate building ventilation systems and identify those

sections suitable for upgrading and modification. During 1980 they carried

out investigations in 19 buildings. Negotiations are now underway with the

owners to carry out the remedial work.



27

7.9 Commercial Publicly Tendered Contract

In view of the time which it takes to obtain agreement with the owner

and tenants on the remedial action for each building, and the varied types of

work which may be required for remedial action, it was not regarded as

practicable to issue a contract for each building. Accordingly a contract was

called for the supply of labour and material on a cost plus basis for period of

three months. One contractor with an understanding of commercial

ventilation work, and one contractor capable of dealing with the simpler type

of system likely to be installed in houses responded. The work will be

allocated to each on the basis of complexity.

7.10 Commercial Remedial Program Summary

In addition to the contract work mentioned above, special remedial
treatments were carried out in three buildings.

!10 This is a large masonry public building on a sloping site, so only part of

the lower floor is below grade. Above criterion levels were measured in some

rooms on the lower floor. The building was originally built with a hot-water

convector heating system and no ventilation, and a forced air ventilation and

air conditioning system had been added later.

Investigation indicated that modification to the ventilation system to

improve the coverage and flow patterns could be effective in reducing the

radon levels. Adjustments were made to the system controls and the duct

work extended, and acceptable levels are now attained while the ventilation

system is running. Operational procedures are being developed to effect a

compromise between the air flow requirements to reduce radon levels and the

reductions in building ventilation rate carried out during cold weather by the

maintenance staff to reduce heating costs.

This work was advanced into 19S0 at the request of the AECB, and was

carried out on a cost-sharing basis with the Department of Public Works.
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# 1230 This is a large wood framed hotel building on a concrete basement.

Above criteria levels were measured in several rooms and areas on the lower

floor. Immediate attention was given to a basement area where new banquet

facilities were being installed. The state of the work permitted access to

floor drains, toilet fixtures, perimeter and floor cracks, exposed rock and an

abandoned storage area connecting directly to the soil. Cracks and openings

were closed and sealed, and the abandoned storage area was wailed off before

the room finish was applied. This resulted in acceptable levels in that area.

Remedial action for the other areas is following the procedures described

above.

# 12^0 This is a steel framed and covered building on a concrete slab on grade.

As radon daughter concentrations as high as ^50 mWL were measured,

immediate remedial action was required.

As a temporary measure two portable electrostatic precipitators were

installed, and «ome temporary modifications carried out on a sump. The

reduced the average concentration to less than 150 mWL.

Investigation showed that the building was sited on rock fill, obtained

from an area showing sub-economic uranium mineralisation. The drainage

system from the workshop area was connected to a soakaway pit in the rock

fill. The slab had cracked in several places, producing openings through the

slab to the rock fill. Efflux tests found significant routes of entry at floor

drains and toilet fixtures.

The initial fix consisted of reworking the workshop floor drain system

to prevent radon entering from the fill. Levels were reduce' _c not to

below criterion. Further work is planned for 1981.
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8. PROBLEM AREAS

8.1 Public Relations

The success of any program which involves the public and their property

depends on the relationships which can be established. Communication

between the AECB, DSMA/Acres, the contractor and the homeowner had to

be maintained. When this broke down, the homeowner regarded all actions as

an imposition.

8.2 Contractor's Workmanship

The attitude of the contractor towards the workmanship required

remains a problem. The attention to detail, and the cleanliness of surface

preparation required when working in occupied houses are not necessary in

most forms of construction.

8.3 Contractor Supervision

Experience has shown that all work performed by contractor's forces

requires constant inspection. This applies not only to work connected with

radon control but also to tasks normally performed by the building trades.

Rectification of mistakes discovered only after they have taken concrete

form can be very costly.

For example, in one case, following complaints of continued water

leakage after action had been taken to stop the entry of water to a basement,

the exterior face of the wall was re-excavated. It was found that the

polyethylene sheeting that had been applied to the wall to project the

waterproofing membrane from damage had been wrapped around the weeping

tile, effectively preventing it from draining water away from the wall.

Removal of the plastic and repair of slight damage to the waterproof

membrane cured the problem. In another case, it was discovered that

unperforated pipe had been installed for weeping tile instead of perforated

pipe.
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8.^ Materials

The number and types of materials used have been steadily reduced
during the course of the project, as variability in material performance was
revealed in field use. Epoxy cements were found to be effective if
proportioned correctly, but it was not possible to achieve the required
accuracy when small batches were prepared in the field. Due to this, and
their lack of flexibility, epoxy cements are no longer used.

Only five materials are now in routine use. These are a pre-
proport.ioned concrete mix used to fill in open areas, a catalyzing
polyurethane-based rubber material and a solvent hardening modif ied-asphalt
both used to form airtight membranes over joints, and a pre-mixed floor
patching concrete or a fibre-reinforced latex concrete both used to form
protective coatings over the membranes. If applied according to instructions,
satisfactory performance is obtained from all these materials.

It was found difficult to obtain satisfactory seals at the junctions of
replacement plastic sumps with the surrounding concrete, due to the
flexibility of the plastic. All-metal replacement sumps are now used, with a
higher incidence of success.

The solvents used in some coating materials or their primers have
produced complaints. When the house is closed up, as in winter, recirculation
of air in the house can lead to obnoxious concentrations of solvent overnight.
In one case, a householder was allergic to the solvent in a paint, and he and
his family had to be moved from the house for several days.

8.5 Co'de Compliance

If modifications are made to the plumbing or electrical services of a
house, the modified system must meet the current building codes. The cost
of upgrading the system may exceed several times the cost of the
modification required.
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In some cases, inspection of our modifications for code compliance by

the building inspector has revealed unapproved additions by the owner. This

results in a decrease in cooperation from the owner, at times leading to a

refusal to allow further remedial work.

8.6 Reduction of Ground Water Problems

In some houses the routes of soil gas entry were through cracks in the

basement structure or through fissures in exposed rock that also allowed the

entry of soil water. The presence of water, at times under pressure,

prevented the use of standard remedial treatments. In order to deal with the

radon problem it was therefore necessary to first prevent the entry of water.

Methods used included

o exposing and filling wall cracks,

o channelling water in rock fissures to collecting areas and coating the

rock with concrete or sealants,

o cleaning out existing weeping tile and installing internal weeping tiles,

o excavating around the house and replacing (or installing) weeping tile,

o applying external polymeric or bentonite clay coatings to the external

face of the wall in conjunction with new weeping tile.

These procedures are difficult, and expensive. As a result, installation

of a subfloor exhaust system is the preferred remedial measure, for it does

not require that water leakage be stopped to be effective in controlling the

entry of radon.
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9. REMEDIAL DEMONSTRATION PROGRAM

9.1 Introduction

In an attempt to prevent the entry of soil gas containing radon through

concrete block walls, a number of experimental techniques were tried in 1979

including grouting the wails and sub-floor exhaust. A brief review of the

experience gained on these methods over the past year is given below.

9.2 Grouting block walls

The grout may fill the block cavities, but it is less successful in filling

the joints between blocks. Experience in 1979 was that it was difficult to

grout walls, and that even if the wall was filled with grout, there could still

be routes of entry through it. This was confirmed in 1980, for there were

several complaints of water leakage from walls that had been filled with

grout. The cause in all of these cases was deteriorated mortar, or porous

blocks. In each case, although the grout had filled the block cavities, cracked

or porous cement ran through the grout from one face of the wall to the

other, and provided a ready path for the passage of water or soil gas. As

cracked or deteriorated walls are most likely to be routes of entry, the

technique is least effective when the need is greatest. In the light of this, it

was decided that grouting block walls did not have sufficient chances of

success to be viable as a general remedial technique, and further

development was suspended.

9.3 Exhaust from below Slab

Radon daughter concentrations were reduced in a number of houses by

extracting soil gas from beneath the floor slab via an airtight pipe and small

electric fan, but this technique was less effective in houses with concrete

block basements. In one house, two sub-floor ventilation units were installed,

and several large holes in the floor closed without a major reduction in WL.

This lack of success was attributed to entry of radon through the concrete

block walls.
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Finally, a ventilation fan was attached to the weeping tile, to reduce

the radon concentration in the soil gas adjacent to the basement by drawing

air through the soil either from the basement or from the surface. This

caused a marked reduction in WL, and the interior fans were removed without

significant effect. A similar system has been installed on an experimental

basis at several houses with concrete block basements, with generally

encouraging results, and is now the preferred remedial system for concrete

block basements. As the air the fans discharge is saturated with water at the

soil temperature, ice tends to accumulate at the fan outlet in winter. A

number of different discharge arrangements are being investigated to prevent

this interfering with fan operation.



10. DEVELOPMENT PROGRAM

Work carried out to increase our understanding of the causes of

elevated radon concentrations in houses, or to improve measurement

techniques is presented in development reports and technical notes. The

reports issued during the year are briefly reviewed here.

10.1 Groundwater Investigation Program - Final Report

An early suggestion was that groundwater might play a significant role

in the movement of radon from areas of high production, such as uraniferpus

rocks, to areas of low production such as the overburden around houses.

Accordingly, as part of the subsurface investigation program of 1977-78,

wells were sunk at various locations in Elliott Lake. Measurements were

made of dissolved radioactivity, plus conventional water-quality parameters,

for a year. The results showed that the movement of water from the

uraniferous rocks in the central area of town was too slow for dissolved radon

in that water to be a significant contributor to dissolved radon in

groundwater generally, and that the radon content of groundwater was

determined by the radium content of the soil in the vicinity of the sample.

This work will be issued as Development Report #12.

10.2 Variation of scintiiation cell count-rate with time

A least squares procedure was developed to estimate the absolute

counting efficiency (count/disintegration) of scintiiation cells for radon, RaA

and RaC from the observed change in count rate with time after filling with

radon. This enabled accurate estimates to be made of the decrease of count-

rate following a change of concentration in a ceil, so that theoretical

correction factors could be derived for the continuous radon monitor.

This work was issued as Development Report 13.
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10.3 A Field Method for Measurement of Radon Daughter Concentrations in
Air

An improved three count procedure for estimating radon daughter

concentrations was developed from Thomas' method. Standard sealer times

are used, and the third count is delayed for an hour or so after the first two

counts. This enables several measurements to be made in an hour with only

one sealer. In addition, the first two count periods are chosen so that WL and

RaA concentrations can be estimated from them alone by the Markov-Rolle

method.

This work will appear as a Note in Health Physics during 1981, and will

be issued as Development Report 1*.

10.4 Deposition Rate of Radon Daughters

A cooperative study was carried out in early 1980 with Bondar-Clegg

Ltd. of Ottawa. Measurements were made of the equilibrium alpha activity

deposited on special collector foils hung in the air, and the WL in the same

area. The deposited activity was found to be generally related to the WL, but

the variability at WL's near the remedial action criterion was too great for

the method to be useful for routine measurements.

This work was discussed in "Radon daughter ratios in houses are not

determined by ventilation alone" presented at the 1980 Heath Physics Society

Meeting.
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TABLE 1

SUMMARY OF PROGRAM STATUS ON 31 DECEMBER 1980

SURVEY

Premises under survey 157

Premises with survey planned 0

Premises with survey completed 756

Premises exceeding the criterion 202

Sites with gamma survey planned 1*00

Sites with gamma survey completed 1894

Sites exceeding the criterion 30

INVESTIGATION

CONSTRUCTION

MISCELLANEOUS

Premises under investigation 30

Premises receiving remedial work it

Premises with remedial work planned 1*

Premises with remedial work completed 162

Refusals for survey 22
Refusals for remedial work 5



TABLE 2

SURVEY MEASUREMENTS BY MONTH

RADON MEASUREMENTS

YEAR MONTH

1977
1978

1979

1980

Total for

Total to

Total
Total

Total

January

February

March

April

May

June

July

August

September

October

November

December

1980

1981

WORKING LEVEL
MEASUREMENTS

1221

6130

3570

188

163

349

267

500

697

1193

6*0

527

466

56*

474

SIMULTANEOUS
WITH WL

812

1416

872

5

20

6*

30

22

41

13

14

6

27

16

10

AVERAGING
UNIT

27

1529

1995

41

52

33

34

54

39

29

31

8

16

35

12

602S

16949

268

3368

384

3935



TABLE 3

FILE NUMBERS OF PREMISES IDENTIFIED DURING 1980 AS EXCEEDING

REMEDIAL ACTION CRITERIA

Houses

59 330 601

112 362 608

225 411 610

279 424 896

289 441 • 1053

298 445

329 494

Total 19

Commercial and Public Premises

1200 1430 2180

1210 1450 2190

1220 1660 2210

1230 1670 2220

1240 1690 2290

1300 1980 2390

1370 2090

Total 29



TABLE 4

FILE NUMBERS OF PREMISES INVESTIGATED FOR THE FIRST TIME IN 1980

Houses

59

112

129

150

225

25*

279

297

329

424

441

478

483

567

587

601

608

896

Total 20

Commercial and Public Premises

1200

1210

1220

1230

1240

1240

1300

1370

1430

1450

1580

1600

1660

1690

1980

2090

2190

2210

2220

2390

2480

Total 21

Total premises investigated 41



TABLE 5

STANDARD REMEDIAL ACTIONS

Fix Number Description

1 Water-trap weeping tile connected to floor drain

2 Water-trap weeping tile connected to sump

3 Close wall-floor joint

4 Close cracks and openings tiirough poured concrete
surfaces

5 Seal exterior surface of basement walls

6 Cover exposed earth in basements

7 Cover exposed rock in basements

8 Seal interior surface of basement walls

9 Fill concrete block walls with cement grout

10 Remove radioactive concrete or fill (interior)

11 Place shielding over active concrete

12 Install fan for improved ventilation in crawl space

13 Vent sub-floor fill to exterior by fan

14 Install fan for improved ventilation in basement

15 Vent weeping tile by fan

16 Remove radioactive fill (exterior)



TABLE 6

PREMISES COMPLYING WITH THE CRITERION AFTER

STAGE I REMEDIAL WORK DURING 1980

File
Number

S

20

37

51

56

59

62

93

105

112

151

152

15*

155

156

157

158

159

160

202

204

205

Contract
Number

5

G-2

5

7

5

7

7

5

7

7

G-2

G-2

G-2

G-l

G-l

G-l

G-2

G-2

G-2

5

G-2

G-2

Remedial Work
(Fix number)

2

16

1

2 , *
1

15

1

1

1

16

16

16

16

16

16

16

16

16

1

16

16

Estimated
Average
Before

26

-

>20*

21

21

>20*

29

<H

>20*

>20*

23

Annual
(mWL)
After

9

-

6

15

6

3

3

16

9

10

4

External Gamma
(mR/h)

Before After

0.10

0.2

0.2

0.11

0.12

0.26

0.10

0.10

0.12

0.10

0AQ

QAO

0.016

0.01

0.01

0.015

0.012
0.013
0.014
0.010
0.016
0.017

0.012
0.040

*AECB evaluation of survey results



TABLE 6 (continued)

PREMISES COMPLYING WITH THE CRITERION AFTER

STAGE I REMEDIAL WORK DURING 1980

Estimated Annual
FUe

Number

223

243

254

277

283

294

297
340

341

478

518

554

5S1

587

592

601

896
921

1053

2210

TOTAL -

Contract
Number

G-2
G-l

7
7

G-l

G-l

7

5

7

7

5

4

5

7
7
0

9
7

G-2

G-2

42

Remedial Work
(Fix number)

16

16

2

1
16

16

1

2,4

12

12

1,2

1,2,4

3,*
1

1.»
12

1,*
1,3,4
16

16

Average
Before

31

>20*

21
<*7

26

25

42

>20*

23

60

22

32

>20*

23

(mW
Aft

5

6

10
14

6

8
4

8

7
4

10
7

9
13

External Gamma
(mR/h)

Before After

0.18
0.12

0.10
0.12

0.11
0.20

0.012
0.13

0.012
0.09

0.014

0.020

*AECB evaluation of survey results



TABLE 7

PREMISES COMPLYING WITH THE CRITERION

AFTER STAGE II REMEDIAL WORK DURING 1980

File
Number

26

71

120

131

133

203

313

318

320

437

483

567

578

823

875

879

TOTAL - 16

Contract
Number

7,99
*,5

0,0

0,10

2,99
5,7

5,7

5,9

4,7,9,15
5,7

7,9

7,9

4,9

5,7

5,7

5,9

Remedial Work
(Fix number)

4,13,15
3,4

4

4, replace
basement

2,4,15
1,3,4
2,3,4,15
2,4,15

1,*,15
3,4,5
1,4,15

15

1,*,15
2,3,4

4,7

15

Estimated Annual
Average (mWL)
Before After

55

26

41

62

23

20

29

48

35

48

30

>20*
20

26

37

29

3»»

5

9

7

8**

5
2**

2**

(,**

5
4**

3##

15**
9

11

2**

Total of houses complying in 1980 - 58
Total of houses complying to December 31 1980

* AECB evaluation of survey results
•* Ventilation system in operation

156



TABLE 8

STATUS OF REMEDIAL TREATMENT PROGRAM O N 3 , DECEMBER 1980

Premises Waiting for Investigation

File
Number

2

16

21

48

62

129

153

161

210

271

301

30*

431

« 1

2190

Total 15

Contract
Number

9

9

9

9

0

9

9-2

9-3

9

9

9

9

9

9

9-3

Estimated
mWL

22

35

22

22

22

25

-

-

39

>20»

23

22

Annual Ave :age
pCi/L rar/on

5.6

5.2

External Gamma
(mR/h)

>0.10

>0.10

>0AQ

*AECB evaluation of survey results.



TABLE 8 continued

Premises Receiving Remedial Treatment

File
Number

3

9

78

1*0

279

316

322

329

483

1230

12*0

1980

Total 12

Total remedial

Contract
Number

9

99

9

99

9

99

9

7

9

S

8

8

program 27

Estimated Annual Average
mWL pCi/L radon

24

27

> 20*

33

30

7.1

7.5

27

5.1

45

375

300

*AECB evaluation of survey results



TABLE 9

STATUS OF STAGE I INVESTIGATION PROGRAM ON 31 DECEMBER 1980

Houses Waiting for Investigation

House
Number

Estimated Annual Average
mWL pCi/L radon

74

289

298

330

362

494

610

29

>20*

>20*

6.3

5.0

>5.0*

Total 7

Houses Under Investigation

225

411

424

445

608

>20*

>20*

29

>20»

>20*

Total 5

Total Stage I Investigation - 12

*AECB evaluation of survey results.



TABLE 9A

STATUS OF STAGE I INVESTIGATION PROGRAM ON 31 DECEMBER I980

Commercial and Public Premises Waiting for Investigation

File Estimated Annual Average
Number mWL

1370 25

IH50 21

1660 29

1670 350

2180 123

2290 31

2390 56

Total 7

Commercial and Public Premises Under Investigation

1200 62

1220 77

1230 57

1300 50

1*30 2*

1690 47

2090 83

2220 110

Total 8

Total Stage I Investigation - 15



TABLE 9B

STATUS OF STAGE II INVESTIGATION PROGRAM ON 31 DECEMBER 1980

Houses Waiting for Investigation

House Contract Previous Remedial Work
Number Number (fix numbers)

5
33

210

3/4/7

5

7/9

1
• 1

,3,V

,12

Estimated
Annual Average (mWL)

Before Now

27 30

20 > 20*

39 37

Total 2

Houses Under Investigation

501 > 20*

Total 1

Total Stage II Investigation - 3

Total premises in Investigation Program - 30

*AECB evaluation of survey results
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APPENDIX A

Publications and Presentations in 1980

Elliot Lake Technical Notes Date of Issue

Note number

12 Concrete block basements - Remedial action

action evaluation program January

13 Trial of Bentonite Panels as an exterior

wall sealant February

1* Comparison of Radon and RaA concentration

estimates April

15 Radon concentration estimates using the EDA

continuous radon monitor (RDR-511) April

16 Check of theoretical correction coefficients

for the RDR-511 April

17 Precision of RD-511 radon concentration estimates June

18 Revised radon concentration equations for the RDR-511 August

Development Program for Radon Reduction Report

Report number

12 Groundwater investigation program - Final Report December

13 Variation of scintilation cell count-rate with time April



Presentation at Health Physics Society Annual Meeting, Seattle

"Radon daughter ratios in houses are not determined by ventilation alone" by

A. Scott

"Elevated radon and thoron concentrations from natural radioactivity in building

materials" by D. Smith and A. Scott.

Presentations at "Third Workshop on Radon and Radon Daughters in Urban

Communities Associated with Uranium Mining and Processing" held at Port

Hope, Ontario.

Elliot Lake Progress - survey and remedial action program highlights.

Thoron and radon measurements in houses.

Elevated radon and thoron concentrations from natural radioactivity in building

materials.

What does the equilibrium fraction mean in houses?

Sampling confidence limits - a Monte-Carlo estimate.


