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ABSTRACT

CH2M HILL ENGINEERING LTD.,, at the request of CMHC, has undertaken a study
to identify, document and analyze incidents where Canadian homes have been affected
by soil gas infiltration. This database of case studies has been used to analyze trends in

types of contaminants found, remedial measures taken, and (where possible) the
relative success of these measures.

CH2M HILL solicited information from various levels of government and private
groups, primarily through telephone interviews and through the analysis of reports.

Three major soil gas problems were identified including petroleum hydrocarbon
vapours, methane and miscellaneous VOCs. Common sources for these contaminants
were respectively: fuel storage tank leaks, landfill sites or swampy areas, and local spills.

Remedial measures were grouped into two strategies: source control and house-based
control. The success of the individual measures was dependent upon many factors but
benefited from a good initial assessment of the problem, collection of all pertinent data,
and testing after the remediation.

A number of problem areas were identified in the documentation of site conditions and
success of remediation. In many cases authorities did not complete the above tasks or
were unable/unwilling to give further information. Deficiencies were also highlighted in
the following areas: investigation protocol, jurisdictional responsibility, and guidelines
for remedial measures.
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DISCLAIMER

This study was conducted by CH2M HILL ENGINEERING LTD. for Canada
Mortgage and Housing Corporation under Part IX of the National Housing Act. The
analysis, interpretations, and recommendations are those of the consultants and do not
necessarily reflect the views of Canada Mortgage and Housing Corporation or those
divisions of the Corporation that assisted in the study and its publication.
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EXECUTIVE SUMMARY

Soil gas infiltration into homes is recognized as a contributing factor to the degradation
of indoor air quality. Homes on or near hazardous lands may experience an influx of
volatile organic compounds (VOCs) from current or past industrial activities, or
methane from peaty lands or landfill sites. The occurrence of soil gases entering homes
will likely be more common in the future, especially as housing is being proposed for
sites near landfills or former areas of industrial activity. While radon has been well
studied and publicized in the past five years, those for other gases are not.

The objectives of this study were to: identify incidents in which Canadian homes have
been contaminated through soil gas infiltration, document how this soil gas had affected
air quality (or safety), and document remedial measures and analyze their relative
success. A comprehensive coverage of soil gas entry problems across Canada could be
used to determine trends in and identify problems with : types of soil gas
contamination, remediation strategies protocol, and results. The primary method of
retrieval was by means of telephone interviews with environmental, health, and

municipal officials. The analysis of reports from these and other groups also provided
information.

In many cases a lack of knowledge, confidentiality issues, lack of mandate among
officials for indoor air quality, and biases imposed by budget constraints limited the
quality of the survey results. Nevertheless a good representation of the types of soil
gases typically encountered and how they were dealt with is presented.

This survey identified three major types of soil gases from hazardous lands which were
found infiltrating into the indoor air environment including: petroleum hydrocarbon
vapours, methane, and other miscellaneous volatile organic compounds (VOCs). The
most frequently identified soil gas problem was due to spillage of gasoline and home
heating fuel. Indoor air contamination was easily recognizable by the odours created
and therefore remedial efforts were implemented quickly. As such, high-dose, long-
term exposure of petroleum hydrocarbons was typically rare. Methane soil gases may
have been present due to either natural sources such as swamps or man-made sources
such as landfill sites. Methane has long been recognized as a potential safety hazard,
and as such many well documented studies exist. The infiltration of miscellaneous
VOCs was the least common type of soil gas identified indoors. The presence of VOCs
indoors was typically a result of offgassing of contaminated groundwater, local spills, or
from the migration of trace gases from landfill sites.

Concentrations of soil gases indoors are a function of pressure dependencies across the
building envelope, source production rates, subsurface travel pathways, leakage areas,
ventilation rates as well as possible storage mechanisms. In order to perform thorough
and accurate assessments of soil gas problems for the evaluation of risks or for
recommending the need of remedial measures, consideration should be given to the
above factors. Typically however, many of the above factors were not addressed in the
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majority of soil gas investigations. Investigations involving petroleum hydrocarbon
vapours normally treated indoor air problems as secondary compared to groundwater
concerns. Frequently, investigations tended to measure contaminant concentrations
with no regard for air flow dynamics, and often used equipment which was incapable of
taking readings at "appropriate" levels or identifying the specific contamination
involved. Accurate risk assessments using such protocol were impossible to achieve.
Some studies involving methane infiltration, on the other hand, at times gave more
consideration to the variability discussed above. Typically, more measurements were
taken over a longer time period, and in some cases environmental factors were
documented. Studies involving miscellaneous VOCs often took more care in the
analytical procedures for measurement of contaminants, however, rarely reported on
the variability of concentrations or environmental influences.

Many different types of remedial measures were implemented. They can essentially
can be grouped into two categories: source control, and house-based control. Source
control measures, as defined in this text, are primarily aimed at reducing or impeding
the migration of soil gases at the source. Typical source control measures for methane
include: passive and active venting, pressurized air curtains, and liners installed in
geologic pathways. In cases involving petroleum hydrocarbons or VOCs, active venting
and other soil and groundwater remediation techniques were typically used. The
success of the various remedial measures was dependent on a good analytical approach
in the initial definition of the problem, collection of all pertinent data, and testing after
remedial measures were implemented. If the above requirements were met, success
could normally be achieved; however, not all investigations were that thorough. In
addition, as the systems age, some degradation can be expected. Long-term monitoring
and maintenance were often neglected. Data indicates that remedial measures such as
house-based control strategies implemented generally have been successful, based on
normally limited monitoring. Longer-term monitoring is needed for verification.

Despite the success of many remedial technologies at least on a short-term basis, there
is a need for standardized performance criteria for remedial technologies, acceptable
indoor air criteria, and allowable soil contamination. Although there is some guidance
for indoor methane levels developed by some municipal and provincial governments,
such criteria is not universally accepted. Guidance for the implementation of
technologies is non-existent and therefore decisions concerning the choice of one
technology over another is based on the subjective opinion of the designer. Finally,
criteria for both indoor and outdoor soil VOC concentrations is required.
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Section 1

INTRODUCTION

STATEMENT OF THE PROBLEM

Soil gas infiltration into houses located on or near hazardous lands is a growing
problem, especially as more developments encroach former industrial or landfill sites.
In view of this concern Canada Mortgage and Housing Corporation was interested in

assessing the situation across Canada through a survey carried out by CH2M HILL
ENGINEERING LTD.

While remedial measures for radon had been well-publicized in the last five years,
those for other gases were not. Solutions may well differ for each contaminant. Prior
to this study, CMHC had located a number of municipalities where high levels of
pollutants had been measured in houses, and municipal officials had encouraged
correctional actions and the ensuing air quality was checked. Unfortunately, for various
reasons, information on such investigations or corrective action was not easily available.

OBJECTIVES AND SCOPE

The objectives of this study were as follows:

. To identify incidents in which Canadian houses have had difficulties with
soil gas infiltration;

. To document how this soil gas infiltration has affected air quality (or
safety);

. To document remedial measures and analyze how successful the remedial
measures have been; and

. To draft a guide for municipal officials on how to deal with the problems.

The scope of work essentially involved three tasks:

. the data collection phase,
. the analysis of the collected data, and
. reporting on the two activities above.

Since the occurrence of specific types of soil gas entry is widespread, this study
emphasized particular types of problems. Cases which were reviewed focused on:

. housing structures (rather than industrial or commercial),

. non-radon type gases,

. Canadian case studies, or

. unique or well documented cases of soil gas entry from outside the
country.
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The problem of soil gas entry is not uniquely a Canadian problem. For example, in the
United Kingdom, numerous cases of soil gas entry have been reported in conjunction
with housing near old industrial or mine sites. Although these experiences provide
useful information to the Canadian scene, the construction detailing of Canadian homes
and climatic conditions may not make such information directly applicable. Canada’s
housing stock typically can be characterized by the tight above-ground envelopes and
the common use of basements. Consequently, the data collected in this study included
primarily cases from Canada with a minor emphasis on problems identified in the
northern United States. Cases from the northern U.S. may be regarded as having
similar construction detailing and climatic conditions.

Despite the restrictions of this study to non-radon type gases in Canadian housing
structures, on occasion a particularly unique remedial technology or an innovative

analytical (or investigative) approach was identified. Documentation of such cases was
carried out.
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Section 2

METHODOLOGY

RETRIEVAL PROCESS

This study was an empirical study based on the collection of information from actual
cases of where hazardous lands have affected nearby homes. Hazardous lands in the
context of this report include:

. Landfill facilities where methane is seeping into houses,

. Peat bogs where methane is a problem,

. Gasoline spill sites where odours or organics have caused problems in
nearby homes,

. Industrial/commercial facilities,

. Rail yards that have spilled chemicals,

. Fuel storage facilities,

. Etc.

This study involved two separate but complementary data collection components: the
collection of general data of soil gas entry problems and remedial measures, as well as
the collection of more detailed data for homes where more accurate or thorough
information was available.

The general data collection was intended to get as much information with minimal
effort on a large number of case studies. Its basic purpose was to provide general
information on the type of soil gas problem encountered, the methods of detection, the
remedial method implemented, and if possible, the regulatory or administrative pro-
grams pertaining to the case studies. Soil gas cases in the general data collection effort
were not limited to those incidents where remedial methods or a positive identification

was noted, but also included cases where soil gas entry was strongly suspected but not
confirmed.

The primary method of collection was by means of telephone interviews. Interviews
were conducted by environmental abatement officers in every region across Canada,
health engineers, medical officers of health, municipal building inspectors, citizen’s
environmental groups, environmental consulting groups, and others.

Other information retrieval systems were also utilized: database searches through two
major newspaper networks, through related journals, research reviews, and information
supplied by CMHC Research Division.

The second data collection component involved the acquisition of more detailed infor-
mation of selected cases where either unique solutions had been implemented or more
analytical data was required. Follow-up of some of this data required personal
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interviews or visits to offices where information was being stored. Some site visits were

also included. At the end of this search, conclusions were completed based on the
information which was gathered.

Personal contracts made as part of this study are summarized in Appendix E. In all of
the data collection efforts, the voluntary cooperation of individuals within munici-
palities, provincial and federal governments was heavily relied upon. Without the
cooperation of those individuals, this study would not have been possible.

All contacts were carried out by CH2M HILL ENGINEERING LTD. in association
with a number of other consulting firms across Canada. The country was subdivided
into three geographical areas. An eastern region encompassed the Atlantic provinces
and Quebec, the central region included Ontario and Manitoba, and the western region
detailed case studies in Saskatchewan, Alberta and British Columbia. Each of these
geographical areas are documented in Appendix A, B and C, respectively. A fourth
geographical area, the United States, is documented in Appendix D.

LIMITATIONS OF RESULTS

Although the aim of this study was to provide a comprehensive coverage of all cases of
soil gas entry across Canada, due to various limitations, this was not completely
possible. Several limitations prevented the complete collection of data and conse-

quently the thorough analysis of the situation. Limitations were inherent for several
reasons, including:

. Lack of definition in the mandate for indoor quality among regulatory
officials

. Lack of knowledge of the problem

. Confidentiality issues

. A great deal of similar case studies

. Bias due to population density

One major problem which certainly affected the quality of the results was the lack of
definition in the mandate for indoor air quality. Most soil gas problems were identified
through the environmental abatement officers. In many cases of soil gas entry,
environment officials indicated that their mandate did not allow them to have juris-
diction over indoor air quality problems. In some cases, referral was made to local
health officials. However, when health officials were contacted, researchers in this
study were referred back to environment officials. Ironically, in other cases,
environment officials presided over indoor air problems. This confusion in the
jurisdictional boundaries caused difficulties in identifying appropriate parties.

The lack of knowledge of indoor air problems was also another difficulty which had to
be overcome. Based on the initial contacts within each geographical region, the con-
tact’s knowledge about such potential problems was critical. If the initial contact was
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informative, then further follow-up was made with other parties or agencies.
Conversely, if the initial contact was either new in the position or poorly informed,
limited follow-up was possible. In some cases, problems were cited; however, follow-up
with other parties proved unsuccessful. Information retrieval was not always successful
due to retirements, transfers, closed files, etc.

The issue of confidentiality was another difficulty encountered in this study. During the
course of the study, a great number of landfill sites were implicated with soil gas
migration problems. Unfortunately, the most informed parties in such cases were nor-
mally municipal officials. Although many officials cooperated very positively, others did
not. Many officials were clearly nervous about possible litigation or were worried about
people’s personal property. In such cases, officials were willing to only vaguely discuss
problems; however, they frequently did not support such comments with
documentation. Where remediation efforts were successful, reports were more easily
obtained. Case studies involving the intrusion of gasoline vapours was one particular
type of problem which was often clouded in confidentiality. Petroleum companies or

their consultants were sceptical about releasing such information due to concerns for
litigation.

In order to minimize the concern for confidentiality, assurances were given in this study
that information was intended purely for scientific purposes. As such, identifying
information concerning the location of various residences, individual’s names, etc. has
been omitted when requested. In a few cases, identifying information relayed to the
consultant was deleted. It is the intent of this study to limit such information, since it is
beyond the scope or purpose of this study.

A fourth limitation in the results of this study had a somewhat minor impact. As this
study was conducted, a great number of case studies involving the influx of soil gases
from petroleum spills were encountered. Since many of these spills had very limited
indoor air quality data, and many of these spills were handled in a similar fashion, only
select case studies were cited for each region across Canada. Case studies presented in
each region were typical for that specific region.

The fifth limitation was introduced by the investigators of this study. As this study
progressed, it became apparent that significantly more soil gas problems were encoun-
tered in areas of higher population densities. Consequently, a bias was introduced
since a significant effort was aimed at soil gas problems within major centres. This
resulted in several areas of the country not being investigated thoroughly. The
Northwest Territories and the Yukon were included in this category. Although some
effort was made to obtain information of soil gas entry, no cases were identified.
However, given the preferred construction practices of crawl spaces as opposed to
basements, and the presence of permafrost, the possibilities for soil gas entry were

limited. As such, it is felt that a bias in the search towards urban centres was
warranted.
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METHOD OF ANALYSIS

The concentrations of soil gases indoors can vary significantly over time and space
within any building structure. In fact there is very little consistency in concentrations at
any one location. This variability in concentrations is in part due to pressure-
dependencies across the building envelope, source production rates, subsurface travel
pathways, leakage areas, ventilation rates, as well as possible storage mechanisms. Or
simply, to state it another way, the assessment of indoor air is simply not just a matter
of taking a set of isolated readings indoors and making an assessment. It also requires
a recognition of other factors such as a temperature difference, precipitation events,
indoor activity, geological considerations, etc. These factors can influence both the
production and entry rates of gases towards the indoor environment.

During the retrieval stage of this project, the project team attempted to obtain as much
indoor air data as possible. By collecting as much data as possible, it was hoped that
some description of the variability could be documented. Unfortunately, very few
studies had sufficient amounts of readily available indoor data. There was even a
greater dearth of information related to the other factors (listed above) which could
have influenced soil gas entry. This lack of data made it difficult to either substantiate
the assessment of the problem or the occasional recommended remedial method.

The discussion about the results given later in this text will evaluate the results with
respect to the above considerations. Although this approach may in fact unjustly
discredit or raise uncertainty with respect to either the analytical approach applied, or
the recommended remediation schemes, valid conclusions cannot be reached without
consideration for the above factors.
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Section 3

STUDY RESULTS

PROVINCIAL OVERVIEW

The types and occurrences of soil gas infiltration and the resulting indoor air quality
problems varied across the country. The most abundant soil gas problem reported was
due to petroleum spills (whether it was gasoline or heating oil), followed by problems
related to gases from landfill sites. The jurisdictional authority (or investigating parties)
also varied. Although fire marshals and health officials typically had legal jurisdiction in
terms of eviction for health and safety reasons, their involvement in many soil case
intrusion cases was often limited or non-existent. Table 1 is a summary of the most
frequent types of soil gas entry encountered in each province and the various agencies
which have been involved in soil gas entry problems. A commentary on the types of
soil gas infiltration common to each province and how such problems are handled are
described in greater detail in Appendix F. A brief description of the common soil gas
types with respect to the regions within Canada is given below.

EASTERN CANADA SECTOR

The most common soil gas entry problem identifies in the eastern sector (encompassing
the Atlantic provinces and Quebec) was related to the spillage of petroleum
hydrocarbons. As seen on Table 1, soil gas infiltration of gasoline and home heating
fuel vapours, were common to nearly all provinces within the eastern region. Estimates
vary from province to province, however there are a reported 100-150 gasoline and
400-500 domestic fuel oil spills annually in Nova Scotia alone (P. Nunn, personal
communication, 1990). Although not all spills have affected indoor air quality, many
spills may cause vapours to enter the weeping tile, or sewer systems, and through holes
or cracks in the foundation. Whenever a spill occurs, the Department or Ministry of
the Environment is normally the first jurisdictional body to investigate. Air monitoring
is normally completed by the potentially responsible party or their consultant under the
direction of environment officials. Typical instrumentation may include explosimeters,
photoionization detectors, and occasionally flame ionization detectors. If explosive
concentrations are encountered, the Fire Marshal’s office may be informed; the fire
marshal has the jurisdiction to evacuate residents. Health concerns are normally
referred to the Department of Health, however in this survey, very few cases were
identified where health officials were involved.

Solutions to indoor air quality problems due to petroleum hydrocarbon spillage typically
centre on source control. Source control of a hydrocarbon spill may include soil
excavation, installation of drainage ditches and the flushing of sewers. Excavated soil is
normally disposed of at a local landfill and used as daily cover. In some cases,
remediation by soil vacuum extraction, bioremediation, and groundwater pumping has
been implemented. In other cases where remediation is more difficult, such as
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contaminated soil underneath the building, petroleum companies will consider
purchasing the building. This option is viewed as acceptable due to public pressure and
legal considerations. Standards used for effective cleanup appear to be motivated by
either olfactory evidence or groundwater issues. In the case of home heating oil spills,
sometimes environment officials are not even notified.

Soil gas infiltration due to methane from landfill sites, particularly in the Atlantic
provinces is very limited. One landfill in St. John’s, Newfoundland, and another site in
Kentville, Nova Scotia has/had methane migration potential into nearby buildings. The
reason for the low number of landfill problems is the lower demand for land. Quebec,
on the other hand, has several sites where methane from landfills has been found to be
of concern. In the City of Montreal, several landfills have caused the City or individual
owners to implement remedial measures.

One other type of methane problem was caused by soil gases emanating from previous
mining activities. Two cases were documented in Nova Scotia where fractures in the

bedrock underneath several buildings were confirmed or suspected of allowing the
migration of methane.

CENTRAL CANADA SECTOR

The Central Canada Sector includes the provinces of Ontario and Manitoba. As
indicated on Table 1, gasoline spills were cited as common sources of soil gas entry. In
Ontario, there are hundreds of gasoline spills yearly. In Manitoba, there are
approximately 125 hydrocarbon spills yearly. In both of these provinces, the Ministry or
Department of the Environment are normally the first jurisdictional bodies to be
contacted, although officially these departments do not preside over indoor air quality.
Whenever such a soil gas problem is encountered within a municipality, municipal
officials may also play a major role. Municipal officials will become involved in a
gasoline spill, especially when entry through the sewer system is suspected. Health
agencies may also play a minor role whenever health concerns are raised. Their
involvement is however limited. Investigations where gas fumes are present commonly
centre on source cleanup. Typical source control measures such as soil gas venting,
bioremediation, and excavation of contaminated soil are routinely practised.

Landfill-based soil gas problems, another common source in Central Canada, are often
found in municipalities where inner-city landfill sites exist, e.g. Hamilton, Ottawa,
Kitchener, Sault Ste. Marie, Mississauga, Woodstock, Oshawa, and Winnipeg. Several
of these centres have implemented source control measures (e.g. landfill gas extraction

systems), whereas other centres have implemented controls at the point of impingement
(house-based control measures).

Ontario also has a large industrial base. Soil gas problems associated with industry are
poorly documented, likely for legal concerns, and are actually not weli-known. Other
incidents of radioactive gases infiltrating into homes have been identified where
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radioactive fill has been placed around buildings. Demolition of the structures is
normally the action taken.

WESTERN CANADA SECTOR

Similar to the eastern and central Canada sectors, the most common soil gas entry
problem identified in western Canada (Saskatchewan, Alberta, and British Columbia)
was due to petroleum spills. Depending on the province, complaints of soil gases
indoors were handled by various agencies including environmental, fire or health
officials. Table 1 summarizes the responsible parties for each province. Although
several government authorities enforce cleanups, the investigations are normally carried
out by potentially responsible parties (e.g. petroleum distributers) or their agents.
Remediation techniques typically employ vapour extraction, groundwater pumping, etc.

Methane infiltration was also identified as a problem in several centres. Methane
originating from landfills (in British Columbia), and from natural organic sources, have
posed problems for nearby residences. Typical mitigative measures such as active gas
extraction systems, passive and air injection systems have been applied. Other house-
based mitigative measures such as venting, and/or liners have also been installed on
houses to eliminate the infiltration of gases. In Saskatchewan, concern of gas leakage
from producing well sites has been cited as a potential problem. However, no cases of
affected buildings were identified in this study.

SUMMARY OF TYPES OF SOIL GAS ENTRY

A summary of the various soil gas infiltration problems which were documented in this
study are detailed on Tables 2, 3, 4 and 5 for the eastern, central, western Canada and
international sectors, respectively. The summary presented on these tables is only a
representation of different types of soil gas intrusion problems identified and does not
represent a statistical occurrence of such problems within each region. Essentially
there were three predominant groups of problems encountered including those related
to petroleum hydrocarbons, methane sources, and miscellaneous volatile organic com-
pounds. Although there were similarities in how such gases may enter homes, the
measurement of the problem, the frequency of occurrence, and solutions implemented
were slightly different.

PETROLEUM HYDROCARBONS

Although petroleum spills represent the greatest number of reported cases of soil gas
entry, only a few cases are presented in Tables 2, 3, and 4, due to the similarity of
approach. The degree of analytical effort involved in most hydrocarbon infiltration
studies was generally minimal, stressing the identification of entry pathways and to a
minor degree source concentrations. Influx of petroleum fumes occurred either from
leaks of underground storage facilities or from home heating fuels.
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The method of entry of soil gases typically travels from the source to the home through
the path of least resistance. As seen on Tables 2, 3, and 4, several preferred pathways
exist for the migration of petroleum vapours including: sewer systems, or higher
permeable geologic pathways such as sand and gravel. Once such gases have entered
the building envelope, entry can occur either through cracks (such as floor/wall joints),
through the pore space in the concrete, locations where no wall, floor or foundation
exists (as in a dug-out basement), or through the weeping tile system (especially when
it is terminated at a sump pump indoors). These various entry points (with the
exception of entry through the concrete pore space) were cited in many of the gasoline
entry investigations. In some cases, the exact point of entry may not have been known
or went undocumented; therefore it is indicated as such on the summary tables.

In order to conduct a thorough analysis of indoor air contamination, the nature of the
contributing source must be well understood. Unfortunately many investigations
concerning the spillage of gasoline products have tended to focus primarily on soil and
groundwater contamination; indoor air concerns were normally treated as a secondary
issue.  Therefore, information on the source conditions of gasoline spills, (i.e.
concentration of specific compounds and soil gas pressure), are normally quite vague.
Of all of the studies which were reviewed, on no occasion was the soil gas pressure or
concentration of specific compounds recorded during the investigative phases of the
program. Similarly, influences on the soil gas pressure such as barometric effects,
rainfall events, fluctuating water-tables, stack effect, etc. were never documented (or
even mentioned). Although individual cases studies which were referenced here likely
have more specific information beyond which was retrieved by this study, such

information is normally limited and quite frequently in non-useable form for indoor air
studies.

Despite the generally limited descriptions of petroleum source concentrations, one
trend was nevertheless apparent from the data that was collected. Of the various case
studies involving gasoline vapour transport through soil and into the indoor environ-
ment (excluding those related to the sewer pathways), most of the studies had either a
source of pure-phase product or a severely contaminated groundwater plume near or
underneath the building affected by soil gas infiltration. Four of the five eastern sector,
five of eight central sector, and three of four western sector petroleum hydrocarbon
case studies had some form of plume underneath the building whenever indoor air

contamination was identified. Many of the other case studies had insufficient data for
comparison.

METHANE

The most documented cases of soil gas entry across Canada dealt with methane intru-
sion. Methane intrusion has long been recognized as a safety problem, and conse-
quently has been the subject of many investigations. Two main sources of methane
have been known to cause problems for buildings. These include man-made sources
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such as mining activities or landfill sites, and natural sources such as degassing of
natural peat deposits or petroliferous bedrock formations.

Throughout this survey, it was discovered there were essentially three types of methane
studies carried out. The first type of study was a general audit. Such a study, usually
conducted by municipalities, was aimed at documenting any zones of potential methane
hazards, and/or investigating homes/businesses where such hazards existed. Typically,
such investigations were restricted to areas within jurisdictional boundaries. If problem
areas were discovered, the municipality would in turn restrict building permits or
implement action plans to remediate the problem. The two other types of studies were
typically carried out when a potential problem had been identified. The second type of
methane study, carried out by or for developers, was conducted on lands where
previously methane had been suspected or confirmed. The objectives of such studies
normally centred around determining the potential for subsequent methane build-up,
and recommending appropriate preventative technologies to ensure safety of future
occupants. The developer was normally forced to satisfy the concerns of other
municipal or environment officials before building permits were issued. Table 2, 3, 4,
and 5 summarize the cases where the problem was identified prior to construction and
preventative measures were consequently implemented. The third type of study was
conducted whenever homes/businesses were affected by some methane source. If the
methane discovered was due to natural conditions, the owner normally was faced with
remediation costs, whereas if man-made actions had caused the problem, the owner of
landfill sites was normally held responsible. '

The majority of landfill based methane problems was encountered in the more popu-
lated centres such as Montreal, Ottawa, Toronto, London, Kitchener, Winnipeg and
Vancouver. Previous indiscriminant dumping, and/or the high demand for developable
land has resulted in buildings being constructed on or near lands affected by methane
gas. Conversely, methane problems related to natural sources such as degassing of
peat or petroliferous bedrock is found in both rural and urban settings. Such settings
are common in low-lying lands or where gas producing bedrock exists.

As with all soil gases, methane will follow the path of least resistance from the source
to the point of impingement. The results of this survey suggested that the length of this
pathway could be anywhere from several metres up to 900 m, as in the case of Seattle,
Washington. A significant number of homes in this study were identified as being built
directly on/adjacent to refuse or organic matter, or the houses were connected to
permeable geologic pathways, including fractured rock, fractured till, utility corridors
and sand and gravel deposits. Providing that the building envelope intersected such
pathways, methane was detected at the most common entry points including sewer or

utility lines, cracks in the floor, through the concrete pore space, through open holes,
and the weeping tile network.

In contrast to gasoline spill investigations (discussed previously), more effort is typically
aimed at understanding soil gas source concentrations. As seen on Tables 2 to 5, most
case studies which documented methane intrusion had some degree of source quantifi-
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cation. In most cases, this quantification consisted of methane concentrations in the
soil air. Typically, such values were derived from field measurements on portable
equipment. Actual values reported on Tables 2 to 5 reflect both spatial and temporal
variations of source areas. As shown on Tables 2 to 5, concentrations of methane have
been reported from non-detectable to as high as 92 percent methane-in-air. Although
a concentration of 92 percent GAS (or methane-in-air) is likely erroneous, it is clear
that significant concentrations of methane in the soil air are possible.

Despite the detailed description of soil gas concentrations, significantly less studies
documented the soil gas driving force. Although such information as gathered in this
survey may have been occasionally been missed or was unavailable, it is still apparent
that many investigations have not included such information. Several studies also chose
to calculate gas production rates to define the mass balance for methane production.
In general, however, such data was not gathered as part of investigative studies.

MISCELLANEOUS VOLATILE ORGANIC COMPOUNDS

The last class of compounds to be reported on here are a group of compounds which
will be referred to as miscellaneous VOCs. The types of VOCs discussed here will be
defined specifically as those VOCs derived from landfills or any other non-petroleum
source. Although the actual travel mechanisms and subsurface pathways are similar to
the previous two types of compounds, and although VOCs form the basic building
blocks of petroleum fuels, the occurrence of miscellaneous VOCs, as defined here, is
much less frequent, and the analytical protocol tends to be much more comprehensive.
Since the cases surveyed here typically were of high public profile, the increased effort
for a more thorough analytical protocol was warranted. Analytical methods usually
included both portable equipment for screening purposes (e.g. photoionization
detectors, flame ionization detectors, explosimeters, solid adsorption tubes, etc.) and
sampling pumps, cartridges, evacuated canisters for more precise laboratory
measurements.  Investigations involving other types of gases identified above,
(i.e. hydrocarbons and methane), rarely included such comprehensive methods.

Indoor air contamination by miscellaneous VOCs resulted from soil gases migrating
from three different sources:

. spills into the sewer system
. contamination from nearby commercial/industrial activity
. landfills which accepted industrial wastes

Tables 2 to 5 summarize the various case studies where the miscellaneous VOCs were

documented. With the exception of one case study (western sector case #19), all prob-
lems were identified after the buildings were in place.
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MONITORING

Given the spatial and temporal fluctuations and differences of soil gas intrusion, one of
the most important facets in a soil gas investigation is a good monitoring protocol. This
fact is true for investigative phases, and also for the long-term performance evaluation.
The type of protocol used will vary depending on the type of soil gas present. Two
types of monitoring will be discussed here: monitoring for methane gases; and moni-
toring for organic gases (which includes petroleum hydrocarbons and the miscellaneous
VOCGs). The information presented in this section will reflect information presented in

Appendixes A, B, C, and D as well as additional documentation and telephone records
obtained as part of this study.

METHANE MONITORING

Since methane infiltration has been recognized as a long-term often unpredictable
problem, most municipalities which have known methane hazards are directly or
indirectly involved in some longer-term monitoring program(s). Municipalities which
are directly involved in a monitoring program typically administer such programs
through the city/regional engineering departments or fire departments. Some
municipalities which conduct their own monitoring include: Montreal, Ottawa, Toronto,
Kitchener, Winnipeg, Seattle, and Madison, whereas others such as London, Calgary
and Woodstock, have employed consultants to design and administer the programs.

Monitoring programs are used for several reasons. Programs are used for investigative
programs, as a stand-alone tool (as opposed to remediation), as an interim measure

until a physical control facility can be installed or repaired, or to ensure that control
facilities are functioning properly.

Protocol

Different monitoring protocols have emerged due to variations in local conditions as
well as the availability of funds. Although a complete treatise of this topic has not
been undertaken here, since this is beyond the scope of this study, two programs will be
presented below, including a program designed and implemented by Heath Consultants
(1991) for the cities of London, Woodstock and Calgary, and a second monitoring
program implemented by the City of Seattle.

The Heath program is broken down into two components: interior and exterior inves-
tigations. Interior monitoring programs would include: all buildings adjacent to a fill or
natural producing methane site, the interior atmosphere of manholes or confined
spaces where methane could collect, and ambient and point concentrations such as at
floor cracks, well cracks, drains, conduits, etc. Exterior monitoring programs would
include: all vent stacks located within the municipality, exterior bar test and grid
patterns (carried once a year at known landfill and naturally occurring methane areas)
and measurement of soil gas probes for pressure and methane content.
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The frequency of monitoring may be conducted on a yearly, monthly, or weekly basis
depending on the severity of gas infiltration at each location. Historical data on the
combustible gas readings becomes the primary basis for determining the frequency of
monitoring. The number of homes involved in this monitoring program changes form
year to year and from season to season.

The yearly monitoring program is viewed as the minimum frequency for all buildings
and manholes located adjacent to fill sites. Criteria used to assess if a house should be
included in the yearly monitoring program are: proximity of the building or manhole to
a methane producing site, insignificant parts per million of combustible gas readings
found in the interior of the building or the atmosphere of a manhole, and low
combustible gas readings detected in the soil at or near the property line for a building
or adjacent to a manhole location.

The monthly monitoring program is usually conducted only during the "peak seasonal
point" for methane gas migration. This program normally starts when heavy rains or a
frost cap has developed, sealing off the ground from surface ventilation. Buildings
which are identified as having constant gas infiltration are considered more at risk
during the peak time from November to April. The frequency is therefore increased to
once per month during this critical time period.

Where consistent gas readings are observed, or at locations extremely close to sources
of soil gas, the monitoring frequency is increased to once or twice weekly. Locations
where low methane gas concentrations exist in the interior of a building but high
exterior combustible concentrations are found at foundation walls or adjacent to man-
hole chimneys, a monitoring frequency of once a week is used. Locations where high
L.E.L. to percent GAS readings are found in floor or wall cracks, conduits, drains, and
in the ambient indoor air, the buildings are monitored twice weekly. These locations
are closely watched, especially during heavy rains, wet snow, or days of low atmospheric
pressure. Most of these locations are scheduled for installation of ventilation systems
when money becomes available.

If during monitoring high methane gas concentrations are encountered, a stabilization
program is implemented. For buildings with concentrations over 1,000 ppm (2 percent
LEL), venting is accomplished by opening windows or by using emergency purge points.
Purge points are drilled wells placed along the sides of a building. These points act as
areas of least resistance when a negative pressure is applied. Experience has shown
that a temporary purge can completely eliminate methane gas from around structures
in minutes. Elimination of gases from manholes is accomplished with the use of
explosion-proof exhaust fans. Municipal officials are informed of any unusual situations
encountered during monitoring. The City Engineer is called in if ventilation is required.

The second monitoring program employed in Seattle Washington was implemented in
response to methane infiltration problems encountered near the Midway Landfill
(international case study #3). The program was established by several jurisdictional
bodies including representatives from Seattle King Country Department of Public
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Health, Washington Department of Ecology, the Kent Fire Department, and the Solid
Waste Division of City of Seattle Engineering Department. The criteria for action were
based on gas levels (highest concentrations found in a building) found inside individual
homes/businesses. The gas action levels are summarized in Table 6.

Table 6
Summary of Gas Action Levels Inside Homes/Businesses
(Seattle, Washington)
0-50 ppm Consider ambient air; normal condition
50-100 ppm Monitor as frequently as staff size permits
100-500 ppm Monitor daily
500 ppm and up Monitor daily, seal cracks, highlight home on data sheet,
request owner to ventilate
1,000 ppm and up Verify with 2nd meter and methane unit, seal cracks,

install alarm, fan, monitor daily, notify Health Depart-
ment and Kent Fire Department

5,000 ppm and up in atmosphere Evacuate, call 911

10,000 ppm and up in wall or small Evacuate, call 911

confined space

40,000 ppm and up Point source, evacuate, call 911

The decision to evacuate a home/business is viewed as far more serious than other
decisions. On such occasions, the Health Department (business hours) or the Fire
Department (after business hours) are called. The inspector would explain the situ-
ation and describe any mitigating circumstances. Therefore, at any point, the Health or
Fire Department could make a decision. If the decision is made to evacuate, a uni-
formed Fire Department employee could be called by the investigator. The evacuees
are also given the option of calling the media; a list of media contacts would be
provided. Unless told otherwise, names and addresses are kept confidential. The
above protocol are viewed as giving the field staff definite guidelines for interpreting
methane data and give the authorities flexibility to reach a decision.

It should be noted that the two monitoring protocols described above are some of the
more comprehensive programs implemented. Many other undocumented programs

which are implemented tolerate substantially higher methane levels and do not have
imposed action criteria.

Equipment

Some of the most common types of monitoring equipment used for detecting the intru-
sion of methane from soil gas sources are summarized on Table 7. Additional tools not
listed may include plunger bars, monometers and pressure gauges. Of the instruments
shown on Table 7, the combustible gas indicator is by far the most common measure-
ment tool used. Monitoring equipment based on the flame ionization detector (FID) is
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also used, but to a much lesser degree; a portable gas chromatograph is hardly ever
used.

The combustible gas indicator (CGI) has many advantages. Not only is the instrument
portable and easy to use, the newer instruments frequently offer multiple ranges (i.e.
ppm, percent LEL, percent GAS) for both indoor and outdoor use. In view of these
advantages, many agencies and consultants have widely used this instrument for moni-
toring purposes. The combustible gas indicator has for the most part provided ade-
quate results in many monitoring programs especially where no specific action levels
have been specified. However, when stringent action levels are specified, such as in the

case of Seattle, Washington (refer to Table 6), the use of the CGI can suffer from
some serious limitations.

The most serious limitations are experienced with the CGI when low gas concentrations
are present. Based on testing commissioned by the Washington Department of
Ecology (1986), the CGI can experience zero shift problems as much as 200 ppm, and
a strong upscale response due to elevated carbon dioxide and moisture. Such
limitations make the wuse of such an instrument unreliable, especially when

measurements of less than 50 ppm become significant (e.g. background as defined on
Table 6).

Criteria

As part of this survey, an effort was made to obtain information pertaining to criteria
used for indoor air assessments. In the case of methane, this criteria related primarily
to potential safety hazards. Of the cases reviewed, very few cases actually had any
documented criteria; in several instances, such criteria was only based on the

recollection of individuals involved. In most cases, however, criteria was derived or
negotiated on an individual basis.

Table 8 is a summary of the available criteria applied for both methane and volatile
organic compounds. As seen on Table 8, six methane case studies had reference to
some target criteria. As seen on Table 8, five cases underwent evacuation. A common
criteria applied for evacuation purposes was 10 percent LEL or 5,000 ppm. This
criteria was referenced in eastern sector cases #5, #6, central sector case #46, and
international sector case #3 (refer to description of monitoring for Seattle, Washington,
above). In discussing the criteria used in the eastern sector cases with the Fire
Marshal, he indicated that a similar criteria was used in the mining industry. The 10
percent LEL standard used in eastern sector cases #5, #6 was based on the mining
criteria. In the case of central sector case #10, a monitoring program was designed to
evaluate the remediation scheme. The standard used was based on 1,000 ppm indoors
when active/passive venting was occurring. Based on telephone records at the time,
environment officials "would be concerned" about any concentrations indoors of 1,000
ppm. It was not apparent what action would have ensued.
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The fifth criteria referenced on Table 8 was enforced in Seattle, Washington. Based on
the description of the monitoring protocol above, evacuation would occur if a level of
5,000 ppm was recorded indoors. As it turned out, several homes and businesses were
evacuated. As gas extraction wells were installed and operated, "acceptable" levels
were once again established. However, as a safety precaution, additional criteria
agreed upon by the Seattle-King County Department of Public Health (1986 a & b)
and the Seattle Engineering Department was applied.

1. Evacuated homes/businesses could only be reoccupied after methane
(taken from the highest concentrations found in a building) were
controlled to levels of 1,000 ppm for at least a two-week period during
which the barometric pressure dropped to 100.9 KPa or below on at least
two occasions. Methane readings were required to be taken when the
barometric pressure was at or below 100.9 KPa as locally measured.

2. Affected homes were also required to undergo further monitoring for
methane per established action levels until the highest concentrations
found in the building remained at or below 100 ppm over at least a two-
week period under atmospheric and monitoring conditions previously
referenced.

It should be stressed that the above criteria was not an initial evacuation standard but

rather a reoccupation standard for those homes/businesses which demonstrated a signi-
ficant problem.

The last case which had some form of criteria referenced was international sector case
#7. The criteria applied here was somewhat uncertain because of the added presence
of vinyl chloride. During the investigations, several homes around the BKK Landfill
had methane concentrations around the homes in excess of 5 percent GAS. As well,
inside the homes, vinyl chloride concentrations exceeded the ambient air quality criteria
of 10 ppb. Evacuation of the homes was carried out immediately. The actual criteria
for methane may have been overruled by the vinyl chloride standard. No further
details were obtained.

During the survey, discussions were also carried out with several officials from various
offices of the Fire Marshal. Based on these conversations, it was clear that the Fire
Marshal has legal jurisdiction to evacuate when he/she perceives that a danger to
occupants and property may occur. However, the safety criteria (i.e. 10 percent LEL)
is neither documented in either the provincial or national fire codes. One official did
make reference to a particular case study where a value of 20 percent LEL underneath
the building was applied. This value is consistent with the value recommended by the
Ontario Ministry of the Environment in a document "Guideline for Assessing Methane
Hazards from Landfill Sites (MOE, 1987). This document states that "when barriers
and control systems are required for protection of specific buildings, the system must
ensure that methane is removed or prevented from entering the area outside the
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foundation and below the basement floor of the structures so that the concentration
present is less than 20 percent of the lower explosive limit.

ORGANIC GASES MONITORING

The monitoring of organic gas indoors is commonly performed with a great deal less
structure as compared to methane monitoring described above. The need for moni-
toring organic vapours has arisen in situations where petroleum vapours have migrated,
where VOCs have degassed from contaminated groundwater, or where VOCs have
been found migrating from landfills or dumps. Monitoring of these gases typically has
been completed with the use of explosimeters, detector tubes, flame ionization
detectors, photoionization detectors, portable gas chromatographs, or with stainless

steel canisters, passive and active sampling on adsorbent material for later laboratory
analysis.

Very few structured programs such as twice weekly, once monthly, etc. which is imple-
mented for methane have been conducted for VOCs. The primary reason for the often
limited level of effort involved in monitoring soil gas VOCs is the expense involved.
This is especially true when precise measurements at low detection levels are required.
Monitoring with precise instruments is normally much more expensive than the use of
a portable handheld explosimeter. The drawback which results is that an accurate
assessment of soil gas influx is difficult to achieve because of variable concentrations
levels indoors in both time and space.

A second difficulty encountered in monitoring VOCs indoors is the problem of indoor
sources. The emissions of building materials, and activities of occupants is well docu-
mented in the literature as contributing factors to the degradation of indoor air quality
with respect to VOCs. White et al (1988) and Pellizzari et al (1987) have found that
many indoor sources have many similar compounds as might be expected in soil gases
originating from gasoline contaminated soil, or typical landfill components.

Despite the above mentioned difficulties in making an accurate assessment of soil gas
contamination, the need for some form of decision has forced some investigators to use
various practical approaches. One approach is based on establishing concentrations
gradients between the subfloor, basement ambient air, and first or second floor living
space. As long as the contaminant concentrations are elevated, a portable photoioni-
zation detector has proven adequate to establish migration of contaminants into the
indoor air. In those particular cases, severe gasoline contamination was evident below
the buildings, and reduced, but still elevated, levels were evident in the basement and
main floor living areas. One other study (international case #5) although having
significantly reduced indoor contaminant levels, also showed this trend.

Another approach commonly used depends on source identification. Once selected
indicator compounds are found, sampling of indoor air and analysis for such com-
pounds is carried out (Garbesi and Sextro, 1989). This approach can be successively
used for assessment purposes when the subsurface flowpaths and pressure gradients are
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well defined, as shown by Garbesi and Sextro. However when subsurface mechanisms
are not well defined (as in most indoor air assessments) or when concentrations have
severely decayed or been influenced by retardation processes (Chiou and Shoup, 1985),
chemical reactivity and biological degradability, the flux of gases has proven to be far
more difficult to evaluate. Currently research aimed at resolving this problem is being
undertaken; the results are expected shortly (CH2M HILL, 1990).

Equipment

With the increase in awareness of environmental problems and investigations, a great
deal more equipment with increased precision capability has been introduced to the
market. Some of the portable equipment used in measuring VOC:s is listed on Table 7.
Although most of these instruments lack the specificity for compounds detectable by
laboratory analysis, they require less operator proficiency, provide more rapid results,
are less costly, and have been shown to be reasonably effective in delineating
subsurface soil gas and indoor air contamination.

Most all of the instruments shown on Table 7 have been used in VOC investigations at
one time or another. The CGI and the photoionization detector (PID) are two types of
portable equipment which are frequently used in the most common VOC entry prob-
lem, gasoline vapours. A third piece of equipment, the FID is also used but less
frequently. In recognition that much of the equipment referred to above is used
extensively for vapour investigations, several studies have documented the performance
of such equipment (Robbins et al, 1990a & b). Although this equipment performed
well for the most part, several limitations were discovered. A brief summary of these
limitations documented by Robbins et al are summarized on Table 7.

Other equipment such as portable GCs may be helpful in limiting the above-mentioned
problems. However, a limited number of studies have implemented the use of a port-
able GC primarily due to expense. No studies identified by this survey used a portable
GC. Other methods of collection such as sorption tubes, etc. are described elsewhere

(Lewis and Wallace, 1989). Although such methods offer precision, the availability of
real time results are not possible.

Criteria

The criteria used for the assessment of indoor VOCs varied greatly. As documented
on Table 8, the criteria used for the assessment of indoor air quality was based on
olfactory evidence, occupational TLV standards, explosive concentrations, comparison
with other typical indoor air concentrations, ambient air quality criteria, unknown
criteria, and comparison with control houses or houses from a similar selected
neighbourhood. With the exception of eastern sector case #10, and perhaps central
sector case #11, all other criteria used were based primarily on health considerations.
The wide variability in the approaches presented underscores that there are no relevant
guidelines from either Provincial, State, or Federal health or environmental agencies.
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One basis for indoor air criteria which have been used are based on TLV standards
derived by the American Conference of Governmental Industrial Hygienists. As seen
- on Table 8 and elsewhere (e.g. Williams et al, 1990), both TLV or adjusted TOV stan-
dards (0.238 x TLV) for deriving 24-hour, seven-day a week exposures have been used.
However, the applicability of using TOVs adjusted or not, are questionable since these
standards apply only to occupational settings. The use of such standards do not apply
to pregnant women or children.

Likely, in view of this concern, the regulatory agencies involved in central sector case
#18 applied some additional adjustments based on a formula presented in Table 8.
The use of safety factors of 1,000 for benzene, 100 for toluene, and 100 for total
hydrocarbons may have provided the necessary protection for indoor air. Nevertheless,
the regulatory agency involved eventually declined from enforcing such a strict
standard. As detailed in Appendix B, the levels of contaminants measured eventually
dropped to concentrations well within the range of typical homes. As such, the
regulatory agency reversed their decision; the evacuation order was lifted.

Another group who also grappled with the use of adjusted TLVs were investigators at
the Love Canal site (international sector case #1). After debating the issue of
acceptable contaminant concentrations in the Love Canal Emergency Declaration Area,
investigators rejected the use of "adjusted TLVs". This approach was judged to be
inappropriate for two reasons. There was no generally accepted procedure for making
this adjustment; therefore, the resulting value would be subject to debate and con-
troversy. Secondly, it was felt that any extrapolation performed by the technical review
committee would bypass the necessary and proper scientific, administrative, and public
reviews that are involved in establishing these guidelines.

Despite the above reasons for not using TLVs or adjusted TLVs, the convenience of
well established occupational guidelines will likely be applied well into the future,
especially in lieu of the lack of specific indoor standards.

Another less common criteria used was the ambient air quality criteria (e.g. Reg. 308,
Ontario). Primarily, ambient air quality criteria is used for the purposes of assessing
outdoor air away from a specific source point. Although the implementation of this
criteria may provide a safe environment for all individuals, it still suffers from the same
limitations identified above for the TLV standards.

Whenever published criteria is not available, alternative approaches for evaluation of
indoor air quality are considered. Comparison with the air quality in other homes was
one such method used for evaluation purposes. International sector cases #4 and #5
used data from a USEPA TEAM study (Pellizari et al, 1987) to form an opinion on
whether soil gas sources were contaminating indoor air. Although this approach
showed some potential, a definitive evaluation of soil gas flux was not always possible,
especially when low contamination values are being considered. Furthermore, these
comparison techniques do not directly relate potential health issues.
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A similar comparison approach was also used at the Love Canal site (international case
#1). After a pilot study, however, it became obvious that ubiquitous chemicals not
originating from the landfill greatly complicated the interpretation of the results. As
such, an alternative approach which relied on identifying any detectable specific Love
Canal indicator chemicals was implemented. This resulted in the comparison areas not

be sampled. When the revised program was implemented, no indicator chemicals were
found.

Two other methods of evaluation also considered at Love Canal were a risk assess-
ment, and an epidemiological study. Both of these approaches were rejected. Because
of the myriad of compounds, insufficient toxicological data, uncertainty about inter-
actions, and the threat of new toxicological information, the risk assessment approach
was rejected. The latter approach was viewed as inappropriate because it was con-
cluded that it was difficult to detect effects of exposure to low-level environmental
pollution in small population groups. Due to the displacement of inhabitants from the

Love Canal area, this approach was regarded as inadequately sensitive to detect
abnormal health concerns.

One indirect form of criteria not mentioned on Table 8 and in the discussion above,
relates to indoor air contamination which occurs specifically due to petroleum spills.
As mentioned previously, a major source of indoor air contamination across the country
is due to petroleum spills. Whenever cleanup of these spills occurs, cleanup criteria for
petroleum contaminated soils has traditionally been expressed in terms of maximum
allowable concentrations of gross parameters such as oil and grease, total petroleum
hydrocarbons or in some cases combustible vapour concentrations (Williams et al,
1990). In some cases, numerical criteria has been developed for some of the more
toxic and mobile motor fuel compounds such as benzene, toluene, ethylbenzene, and
total xylenes (BTEX). The derivation of numerical criteria for the above compounds
or gross parameters are often based on typical background levels, detection limits, land
use, or allowable concentrations in groundwater.

There is a general recognition that the existing approaches to specifying and imple-
menting cleanup criteria for petroleum contaminated soil have a number of limitations.
Firstly, whenever gross parameters are used, such as oil and grease, the actual health
risk cannot be determined since little is known about the variable composition or
mobility of individual hydrocarbons. Secondly, health risks do not account for other
relevant pathways such as vapour inhalation. Because of these factors, it is possible
that many sites which now have "acceptable" levels of petroleum contaminations in the

soil from a groundwater perspective may still have potential health concerns due to the
vapour inhalation pathway.

REMEDIATION / PREVENTION TECHNOLOGIES

The term remedial technology, as referred to in this text, refers specifically to a
technology which was implemented for the purpose of correcting a situation where soil
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gas influx was occurring. Such solutions are typically retrofit techniques implemented
on houses which have been constructed without consideration for soil gas entry.
Prevention technologies, on the other hand, perform similar functions but are normally
installed as part of the original structure. Prevention technologies are incorporated
either where soil gas had been previously identified or suspected prior to construction.
A brief summary of the gas type, initial conditions, the remediation used, and the final
reported conditions are shown on a case-by-case basis on Tables 9, 10, and 11. Tables
9, 10, and 11 correspond to case studies in the eastern, central and western sectors as
presented in Appendixes A to C. Because of limited detailed housing information for
the international sector cases, an additional table for the international sector is not
presented here. Nevertheless, the control strategies used in the United States (i.e.
international sector) are quite similar to those detailed on Tables 9, 10, and 11.

The various remedial or preventative technologies may be summarized under two
strategies: source control or house-based control. Source control essentially attempts to
control the soil gas at its source or in the pathway between the source and the building

envelope. House-based control strategies are typically implemented within the building
envelope.

There are three factors which affect the entry of soil gases: the persistence of the
source, the pressure driving force across the building envelope, and the size of the
leakage area (White, 1989). By limiting one or more of the above factors, the rate of
soil gas influx can be affected. Summarized on Table 12 are the two control strategies,
the technologies used, their affect, and limitations. A brief description of the
technologies will be given below, however more detailed descriptions may be found in
the commentary given in Appendix F. ’

In some cases identified in this survey, the control strategies described above were not
used. In some cases, the demolition or the physical removal of homes, the ventilation
of indoor air, or monitoring as a stand alone tool have been used. In general however,
few homes are demolished, monitoring strategies are typically used only as stop gap
measures, and the climatic conditions in Canada do not make the widespread use of
indoor venting economically feasible.

As seen on Table 12, some of the technologies which are regarded as source control
measures are also reported under the category of house-based control technologies.
For the purpose of this discussion, source control will refer to remedial activities which
are removed from the building envelope, at the source or in the pathway between the
source and the building envelope. House-based control measures will deal specifically
with techniques implemented within the building envelope.

Source Control Strategies

Source control strategies essentially attempt to eliminate the origin of the problem.
Depending on the type of source and local conditions, either active or passive venting,
liners, pressurized air curtains, groundwater pumping, bioremediation, steam extraction,
or soil excavation have been implemented.
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Most of the source control technologies implemented have proven quite successful.
Whenever active venting is installed at landfills, or in soil contaminated with petroleum
hydrocarbons or VOCs in zones where good connection with contaminant has been
achieved, effective containment of soil gas sources as well as the depletion of the
contaminant within the subsurface typically occurs. Passive venting is normally
implemented at sites as a precautionary measure or where low gas production exists.
Passive venting has been used for the mitigation of methane and also occasionally for
petroleum hydrocarbons. Pressurized air curtains with or without the use of synthetic
liners have been used as cut-off walls to impede gas flow from source areas. Effective
containment of the source has been claimed providing that all subsurface pathways
leaving the source area are intersected. Other source depletion technologies such as
groundwater pumping, bioremediation, steam extraction, and soil excavation are widely
used to remediate sites contaminated with petroleum hydrocarbons or VOCs. Such
technologies are effective means of reducing source concentrations. Although source
depletion will affect indoor air concentrations, the process is slow and therefore such
methodologies cannot be considered as vapour management controls.

House-Based Control Strategies

Various house-based vapour control strategies have been implemented including sub-
slab venting, active and passive venting, pressurized air curtains, liners, sealing,
caulking, and plumbing corrections. House-based vapour control strategies attempt to
either limit or redirect the pressure across the building envelope, and/or alter the size
of the leakage area. Technologies which alter the subsurface pressure regime include:
active or passive venting (sub-slab or around the perimeter of the building), pressurized
air curtains, and crawl space venting. As long as the zone or pathway of subsurface soil
gases is within the radius of influence of the control system, success can normally be
achieved. Technologies which limit the leakage area include: liners, sealing, caulking
and plumbing. Although all of these techniques have had documented success, with the
exception of liners, some negative results have been published (e.g. First et al, 1966).
Sealing, caulking and plumbing corrections have had success whenever isolated entry
points have been identified, however, overall such methods have not been effective 100
percent of the time. Regardless, some municipal building codes may require sealing of
sewer cleanout traps or sump pumps in the vicinity of hazardous lands such as landfill
sites (e.g. Madison, Wisconsin). Although sealing cannot guarantee elimination of soil
gas infiltration, such procedures are apt to help restrict soil gas entry.
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Section 4

DISCUSSION

This section of the text will be devoted to discussing the advances and limitations
pertaining to: the methods used for soil gas assessments, the remedial alternatives
implemented and the criteria related to soil gas entry in homes. Although some
discussion, in the form of specific comments or criticisms, has taken place in the
previous results section (i.e. Section 3), here the emphasis will be aimed at an overall
analysis of the situation. The following discussion will deal with the three types of
indoor soil gases typically encountered within the Canadian context: petroleum
hydrocarbons, methane, and miscellaneous volatile organic compounds.

The basis for this discussion will reflect the statements given in the Method of Analysis
given earlier in this text (page 7); it will be briefly repeated here. The assessment of
soil gas entry problems is complicated by variable time and space dependent contami-
nant concentrations. This variability is in part due to pressure-dependencies across the
building envelope, source production rates, subsurface travel pathways, leakage areas,
ventilation rates as well as possible storage mechanisms. In practical situations, a good
understanding of all the above factors may not be feasible primarily for economic
reasons, however an absolute definitive assessment of a soil gas intrusion problem is
not possible without thorough consideration of the above factors.

PETROLEUM HYDROCARBONS

Petroleum hydrocarbons entering the indoor air environment, as seen in the previous
section, possibly represents the most common type of soil gas problem encountered in
Canada. Problems which are typically reported were found to be associated with:
petroleum spills within sewers, vapours which travelled through permeable geologic
material, and situations where product had migrated to the building envelope and
contaminated water within the weeping tile system or soil adjacent to the structure. As
mentioned, inherent in many of the investigations is that very little data is usually
collected to provide a basis for an absolute definitive assessment of soil gas entry.
Typically, the only parameters which are investigated are: isolated indoor air
concentrations, possible entry pathways such as cracks, and some source concentrations.
The contaminant concentrations additionally are often measured with equipment cap-
able of determining gross parameter concentrations only. Although such an approach
is often appropriate when contaminant concentrations indoors are high, whenever
concentrations fall below thresholds imposed by instrument limitations, the evaluation
of indoor effects is much more difficult. The lack of data with respect to: the specificity
of organic compounds present, the pressure flow regime across the building envelope,
the ventilation rate within the building, and the possible contribution of indoor sources
make the evaluation of soil gas flux virtually impossible. The above approach is partly

37

03/24/92
ONTSV/92/rONT9396.020



due to economic considerations, but is also frequently due to non-appreciation of all of
the above factors by both regulatory and investigating personnel.

The impact evaluation of indoor vapours due to hydrocarbons has also likewise been
difficult. Evaluations based on the risk assessment approach has two shortfalls. Firstly,
due to the typical equipment used, there is generally a lack of definition of the
individual hydrocarbon compounds present. Secondly, given the limits of most monitor-
ing programs especially as they relate to temporal changes, an actual dose response
function can normally not be determined. Other approaches such as using established
criteria like ambient air quality standards, or threshold limit values are also
inappropriate for reasons given earlier.

Despite the gloomy prognosis given above with regards to the present state-of-the-art
soil gas investigations, there are still some redeeming facts as to how the problems of
soil gas entry can be resolved. Whenever significant indoor air contamination results
from a petroleum spill, home owners are often alerted by the odorous vapours. This is
advantageous, since home owners can alert regulatory officials and are then not
subjected to potential safety or long-term health concerns. When notified, regulatory

officials and potential responsible parties generally agree to some urgent form of
action.

Whenever a petroleum spill occurs, and the product does not find its way to the sewer
system, it appeared that the most affected homes were those homes where product was
present or near the building envelope. One of the tasks most commonly carried out
initially at spill sites is a soil gas survey. The purpose of soil gas surveys is to identify
the presence of pure product or contaminated groundwater. If such a survey is carried
out properly, the groundwater plume can be determined, and therefore the zone of
vapour presence can also be evaluated. There are few occasions where the vapour
zone greatly exceeds the area of contaminated groundwater. In contrast, this is much
different than the spread of methane where extremely large travel distances are
common. Given that contaminant volumes are relatively stable over time due to the
typically slow rates of groundwater movement, the zone of potentially affected homes
can be generally quickly and accurately assessed.

Another positive aspect occurs when remediation is initiated. Remediation efforts are
normally initiated soon after investigations have been completed. Soil vacuum extrac-
tion is a proven technology commonly implemented for depleting source concentrations
when considerable volatiles are present. The use of such technology also creates a
subsurface flow regime which minimizes soil gas entry into homes. Remediation
typically continues until some appropriate soil or groundwater criteria is satisfied.

Other remedial methods other than soil vacuum extraction, have also helped to reduce
indoor soil gas contaminants. Passive venting has been found to be partially successful
in reducing soil gas pressures. This reduction in soil gas pressures will reduce the
pressure gradient across the building envelope thereby limiting soil gas entry. Leakage
area control methods such as covering of sump areas and sealing cracks has also at
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times been affective. Both of the above methods have not always been 100 percent
effective.

Once the agreed cleanup goals have been reached, remediation is generally halted,
leaving relatively low concentrations in the soil. Although in most cases such contami-
nation will likely not have significant effects, there is still some uncertainty about long-
term low dose effects of marginally contaminated soil, especially as it relates to vapour
inhalation. Williams et al (1990) endorse this fact by suggesting that under typical
conditions where the transport of vapours are controlled by building envelope details, a
benzene concentration of only 5 ppb is sufficient produce a cancer risk above a
commonly acceptable value of 10 This health risk calculation was based on an
adjusted occupational TLV standard for benzene. As can be appreciated, the typical

protocol used for such investigations, as discussed previously, is normally inadequate to
answer such concerns.

METHANE

Methane entry was the next most common soil gas problem reported. Sources of
methane included both man-made (i.e. landfill sites) and natural sources (i.e. swamps
or bedrock formations). The occurrence of methane has long been recognized as a
potential safety hazard, and as such, a large number of studies have been conducted.
As indicated previously, three types of methane studies were identified during this
survey: a general audit, a pre-development assessment, and a post-development prob-
lem assessment. Each type of study will now be discussed.

As indicated previously, the general audit was typically carried out by municipalities to
identify potentially hazardous areas. Several of such studies carried out across the
country had some variations in the methods used. These variations, as seen in this
study, may have reflected the state-of-the-art at the time which such studies were
conducted, the local conditions, public perception/pressure, budgets, etc. Methods used
for the evaluation process varied from comprehensive programs involving the definition
of subsurface geologic pathways, installation of permanent monitoring probes, long-
term monitoring programs of soil probes, utilities and indoor environments, to short-
term programs involving only shallow punch probes with soil gas monitoring. Although
the constraint imposed by budgets, etc. is a practical reality which all investigators have
to face, the analysis of the results will be greatly affected by the degree of thoroughness
exercised in the program. As a result, the interpretations reached would be based
more on subjectivity as opposed to hard empirical data. Without hard empirical data,
the municipality risks the possibility of a safety hazard.

Whenever a building lot(s) had been identified as having potential for methane
migration, developers or potential responsible parties were faced with providing
sufficient provisions to regulatory agencies to ensure protection for future occupants.
Normally, site specific investigations carried out may involve measurement of gas
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production rates, pressures, and methane concentrations. (It should be noted
frequently, many of the above parameters are not monitored or evaluated.) Recom-
mendations for remediation, whether they be source control, pressure control, or
leakage area control, were normally based on measurements taken in the field. In
general, whenever soil gas concentrations were high, active systems and/or liners were
recommended. Whenever gas concentrations were low, passive systems and/or liners
were recommended. Based on the results presented, such measures generally have
good performance records. In many cases (but not all) where methane was identified
prior to construction and preventative measures implemented), as shown on Tables 9,
10, and 11, no adverse indoor air quality was documented. Many of the results,
however, were based on short-term monitoring programs. Longer-term monitoring
results are necessary for a complete assessment.

The third type of methane study involved the site-specific assessment where methane
had been found to be infiltrating into buildings after construction. Sources of such
methane may have been due to offsite or onsite sources.

Whenever offsite sources were implicated, source control options were normally
implemented. Providing that a comprehensive assessment had initially taken place,
remedial measures whether they be active or passive venting, pressurized air curtains,
liners, or combinations thereof, were generally successful. On the other hand, whenever
incomplete assessments were carried out, future problems could develop. Western
sector case #12 and international sector cases #3 and #6 are only a few of the sites
where initially insufficient details of possible subsurface geologic pathways were
retrieved. Subsequent alterations were implemented. The need for thorough initial
investigations is evident. Despite the initial success of many source control options,
some systems are known to develop problems over time. Active systems require proper
maintenance and monitoring since changing subsurface conditions have been known to
cause deformation and flooding of subsurface piping. Passive systems, although
believed by many to be maintenance free, have frequently been subjected to vandalism.
Liners have been known to sag or be susceptible to rodent infestation. Changes such as
mentioned above, have resulted in less than the initial design performance of installed

systems. It is obvious that all systems require some form of maintenance and
monitoring.

Whenever onsite sources have been implemented after construction has taken place,
remedial alternatives have incorporated either pressure control or leakage control
strategies, or combinations thereof. The principal technologies applied included both
active (sub-slab, active, or crawl space venting) and passive measures. Preference of
one technology over another was primarily based on gas production (or emission) rates.
Sites with high production rates typically implemented active systems; passive systems
were normally deemed adequate for sites with low production rates. It is noteworthy,
however, that in very few studies gas production rates were actually calculated, nor was
it common to find criteria documented as to what was considered high or low .in gas
production. One rule-of-thumb quoted by one practitioner was that passive systems are
implemented when soil gas pressures are less than 125 Pa and methane is less than 50
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percent LEL. No specific concern was given to possible temporal changes. This
criteria certainly was not practised by all. Another mention of criteria for such
decisions was referenced by Emberton and Parker (1987). Emberton and Parker note
that an adequate number of air changes are required; however, they stress that no firm
guidelines are in fact in place. Given the lack of specified guidelines, it is clear that
some subjectivity will result in the analysis of such problems. In fact, some passive

systems, as documented in this survey, were changed to active systems when found to
be inadequate.

As seen in the above discussion of the three types of studies conducted for assessing
and remediating methane soil gas infiltration, a certain degree of subjectivity on behalf
of the investigator will normally exist. This subjectivity, whether it is due to the lack of
initial thoroughness, inadequate monitoring programs, or specific criteria, is likely most
critical in the early assessment phases. Unfortunately, no firm guidelines are currently
in place even though guidance may be obtained from the U.K. building regulations
where it is suggested that remedial measures may be necessary when methane concen-
trations in the ground exceed one percent (Emberton and Parker, 1987). Similarly, the
Ontario Ministry of the Environment infers an identical guideline (MOE, 1987). Of the
studies reviewed, not all homes in fact met such criteria. This is especially true of
homes in Ontario assessed prior to the published guidelines.

Whenever remedial measures were implemented, it is obvious from the results of this
survey that at least partial success can be achieved. Most of the solutions implemented
typically were aimed at influencing one or more of the main factors influencing the
movement of soil gas indoors. By influencing one or more of such factors, it is
understandable that at least partial success could be expected. The main problem in
identifying partial versus complete successes is probably due to the lack of adequate

monitoring, and/or unclear or subjective action guidelines when elevated concentrations
are encountered.

MISCELLANEOUS VOLATILE ORGANIC COMPOUNDS

The last type of soil gas entry reported in this document and most infrequently occur-
ring was miscellaneous volatile organic compounds. The entry of VOCs into the indoor
environment has many similarities with petroleum hydrocarbons especially when
discussing appropriate criteria and the monitoring equipment necessary. Soil gas
infiltration, as documented in this study, ranged from degassing of contaminated
groundwater, vapour transport from a spill, to VOCs travelling with methane gases
from a landfill site. The most common situation involving VOCs reported is the mix-
ture of methane and VOCs travelling from landfill sites.

Of the cases reported, very few cases are documented where VOCs have caused
significant concern. This partially due to:

. confusion in the interpretation of results due to other indoor sources.
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. the adsorption and biogradation of VOCs in and on soil

. the lack of appropriate criteria for the assessment of indoor contamin-
ation

Although some work has been done to help quantify the contribution of soil gas to the
indoor environment, similar to cases involving hydrocarbon spills, the need for
comprehensive impact assessment methods is still outstanding.

Measures implemented for the remediation of VOC entry has included: demolition,
excavation of soil, and active venting. Active venting is certainly the most efficient form

of remediation and has been found to successfully reduce indoor VOC concentrations
to background levels.
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Section 5

CONCLUSIONS

The objectives of this study as outlined in Section 1, were to: identify incidents in which
Canadian houses have had difficulties with soil gas infiltration; document how the soil
gas had affected indoor air quality, and to document remedial measures and analyze
the success of the same. The primary method of retrieval was by means of telephone
interviews with environmental, health, and municipal officials. Although the aim was to
provide a comprehensive coverage of all soil gas entry problems across Canada,
limitations due to several reasons made this impossible. Nevertheless, a good

representation of the types of soil gases typically encountered and how they were dealt
with was presented in the previous sections.

The findings and the discussion of the findings as presented in this report are summar-
ized below:

1. This survey identified three major types of soil gases which entered the
indoor environments including: petroleum hydrocarbons, methane, and
miscellaneous VOCs. The occurrence of petroleum hydrocarbons in the
subsurface soil zone was the result of gasoline spillage or the local
spillage of home heating fuel. Methane soil gases may have been present
due to either natural sources such as peat bogs or petroliferous bedrock
or man-made sources such as landfill sites or mining activities. The
presence of VOCs was typically a result of degassing of groundwater

plumes, local spills or from the migration of trace gases from landfill
sites.

2. There were some geographical trends in the types of gases infiltrating
into homes. Indoor air quality problems resulting from petroleum hydro-
carbons were evident in all regions across Canada. Entry pathways
occurred through the sewer systems, through permeable soil, or utility
pathways. Methane problems however, were mainly encountered in
major urban centres such as Ottawa, Montreal, Toronto, Kitchener,
London, Winnipeg, and Vancouver where landfills were located near
housing. These larger centres were frequently faced with requests for
building permits on land affected by methane migrations. Those areas
where the demand was not as great, such as the east coast, did not have
similar problems. Suburban lots located on natural methane producing
settings were identified mainly in Ontario and British Columbia. The
occurrence of VOCs entering indoor air environments was generally
sparse. No real trends could be identified.

3. During the course of the investigation, it became obvious that there was
some variations in jurisdictional authority when dealing with soil gas infil-
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tration problems. Typically, environment, municipal, health or fire off-
icials provided advice regarding soil gas infiltration. In most cases not all
agencies became involved, and not all agencies typically involved claimed
jurisdictional authority over indoor air quality problems. Generally, how-
ever, health officials regulated health issues, fire officials had authority
over safety issues.

The concentrations of soil gases indoors is known to vary significantly in
both time and space. This variation is in part due to pressure depend-
encies across the building envelope, source production rates, subsurface
travel pathways, leakage areas, ventilation rates, and possible storage
mechanisms. In order to conduct a thorough assessment of soil gas
impacts indoors, several parameters such as soil gas pressures, barometric
effects, rainfall events, etc. are required. Frequently however, in many of
the soil gas assessments reviewed, very few of these factors were
recorded. Many of the studies conducted for the influx of petroleum
hydrocarbons and VOCs neglected to include such factors. Some
methane studies performed were reasonably complete, however, many
such studies had major omissions.

For the assessment of a soil gas problem as well as for the recommend-
ation of remedial alternatives, the implementation of appropriate proto-
col and equipment is imperative. Not only is the documentation of con-
tributing factors (e.g. soil gas pressures) important, as discussed above,
the timing or frequency of monitoring is also critical. Because of the
strong influence of barometric pressure, rainfall events, frozen soil sur-
faces, and stack effects, the inclusion of data which considers these envi-
ronmental influences is necessary for evaluating worst case conditions. In
addition, the use of proper equipment is also necessary to perform such
measurements. Although there are variation in possible implemented
action criteria (if it exists), some investigating parties have tended to use
equipment which is incapable of taking readings at "appropriate" levels or
specificity to the contamination involved. This was true both for
assessment of methane and petroleum hydrocarbons.

Many different types of remedial measures were implemented, but essen-
tially these measures can be grouped into two categories: source control
and house-based control. Source control measures, as defined in this
text, are primarily aimed at either reducing concentrations or impeding
the migration of soil gases at the source area. Typical source control
measures for methane include: active and passive venting, pressurized air
curtains, and liners installed in subsurface geological pathways. In cases
involving petroleum hydrocarbons or VOCs, active venting, excavation of
contaminated soil, groundwater extraction, bioremediation and steam
injection have been used to minimize source concentrations. Of these
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measures only active venting is considering as have a direct influence on
soil gases.

The criteria used for making decisions of one technology versus another
for methane gases, depends primarily on gas production rates. In gen-
eral, if production rates are high, active systems are recommended. Con-
versely if production rates are low, passive systems are normally installed.
The difficulty which does exist however, is determining what is an accept-
able criteria. In some cases passive systems were installed only to be
replaced by active systems when found to be ineffective.

House-based remedial measures implemented on houses have included:
sub-slab, active and passive venting, liner systems, sub-slab pressurization,
and combination of the above. Most of the systems installed have
generally been successful, based on normally limited monitoring.
Although no firm guidelines exist, criteria for some form of remediation
is normally 1 percent methane in the soil atmosphere. Necessary
conditions for active venting typically requires that an adequate number
of air changes occur per hour. For liners, no performance criteria exists
other than CPE material is recommended.

The success of the various remedial measures is in a large part depend-
ent on a good analytical approach in the initial definition of the problem,
collection of all pertinent data, and testing after remedial measures have
been implemented. Not all investigations complete all of the above. As
systems age, some degradation of performance can be expected. Active
systems in landfills may develop problems such as warping of plastic
pipes (associated with higher temperatures of aerobic degradation),
subsurface fires, clogging due to microbial growth, flooding, and failure of
mechanical parts. Passive venting may be subject to vandalism or
flooding. Some municipalities operate a mobile vacuum unit on passive
systems when high migration periods occur. Liners may be subject to
sagging or rodent infestation. Active systems installed on houses have
been known to create noise problems and therefore, are sometimes
turned off. Insufficient long-term data exists on passive and liner systems
installed on houses.

One of the most difficult tasks in dealing with soil gas problems, has been
the implementation of appropriate criteria. Two questions are commonly
encountered. What represents an acceptable criteria for indoor air con-
tamination? What is an appropriate level for sub-slab contamination?
The problem of assigning appropriate levels of indoor contamination of
VOC: (including petroleum hydrocarbons) include: the presence of other
indoor sources of pollutants, inappropriate measurement protocol and
equipment, and the lack of published regulations. There is however,
good guidance for dealing with methane problems indoors. Although not
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universally accepted, the City of Seattle has a set of criteria to deal with
methane indoors. The criteria established addresses both possible fluc-
tuations typical with soil gas entry as well as assigning action levels for
investigating field personnel. A similar protocol with non-specific action
levels is used by some municipalities; other municipalities have severally
relaxed or non-existent criteria in effect.

The other area of confusion which exists is the question of what is an
acceptable concentration in the soil gas. For methane, a level of 1 per-
cent GAS is normally used as a guideline for remediation. There is how-
ever, uncertainty whether such a level is in fact necessary. On the other
hand, cleanup guidelines for soils contaminated by VOCs which are nor-
mally based on groundwater concerns, may be insufficient to provide the
necessary protection against vapour inhalation.
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