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ABSTRACT

Many workers die in Australia and overseas each year as a result of workplace
incidents. Confined space work is an ongoing source of workplace fatalities.
Confined spaces are generally defined as enclosed or partially enclosed spaces,
which are not intended or designed primarily for human work, and which have a risk
of a hazardous atmosphere; or a risk of engulfment by a free-flowing solid or liquid
(such as grain or other agricultural products). The risk of a hazardous atmosphere
includes toxic airborne contaminants, flammable airborne contaminants, and unsafe
levels of oxygen. Physical risks such as electrocution and falls from height are also
present within confined spaces.
Workplace fatalities may be either traumatic or chronic in nature. Traumatic fatalities
typically result from physical injuries which have a sudden onset in response to the
interaction with a hazard. Chronic fatalities typically result from as illnesses which
have delayed onset and are usually in response to prolonged exposure to a hazard.
While the link between traumatic injuries and the workplace hazards is usually clear,
the relation between a chronic injury and the workplace or work activity may be
difficult to establish due to the long latency period. Like any other workplace fatality,
deaths as a result of confined space work can be traumatic or chronic, and in the case
of traumatic fatalities, the nexus between any incident and the risks of confined space
work can be confirmed.
The aim of this research was to quantify work-related traumatic confined space
fatalities in Australia and the aetiologies involved. Specific objectives were to
identify the rate of traumatic confined space fatalities in Australia and compare the
rate with other countries at a similar level of economic development; to identify the
range of factors that could be associated with traumatic confined space fatalities and
evaluate the factors to assess the contribution each may have to the fatality rate; to
determine what proportion of these confined space fatalities were rescuer fatalities;
and to identify preventative measures to control the risks to confined space workers
and rescuers in order to reduce the fatality rate.
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The identification of confined space deaths in Australia and New Zealand was
conducted through the National Coronial Information Service (NCIS) – an internetbased data storage and retrieval system of all deaths reported to a coroner. In both
Australia and New Zealand, workplace deaths are compulsorily reportable to the
relevant state coroner – usually by the police force. There are limitations in the use of
the NCIS to identify the relevant fatalities, as the data can be of poor quality. Where
necessary, individual state coroner’s offices, workplace health and safety authorities,
and other agencies were contacted for clarification as required.
Particular to Australia over the period 2000 – 2012, this research found that there
were 59 confined space related deaths; with an average rate of 0.05 deaths per
100,000 workers. Two of these deaths were the result of unplanned rescue attempts.
Most confined space deaths in Australia were found to have occurred in just three
industry groups; being transport, postal & warehousing; and the manufacturing
industry groups. Related to these industries, ship or boat hulls or holds were the most
common vessel type in which the fatalities occurred. 57% of deaths were as a result
of atmospheric hazards (toxic airborne contaminants, flammable airborne
contaminants, and unsafe levels of oxygen), while the remainder of deaths resulted
from physical circumstances such as electrocution, falls from height, and being
trapped in moving machinery. Finally, 16 ceiling cavity deaths and 8 trench deaths
were identified. Although these are not normally considered confined space deaths as
separate legislation and standards apply to this work, they were included for
completeness.
Confined space statistics and rates for other jurisdictions such as the US and Quebec
were from existing published studies, or were calculated from fatality numbers
provided by those studies. The confined space fatality rate for Singapore was
calculated from the collation of data in the published annual Workplace Safety and
Health National Statistics reports produced by the Workplace Safety and Health
Council of Singapore. The few confined space deaths in the annual reports were
cross-referenced to case studies, safety alerts, and media reports of confined space
incidents in Singapore to determine a definitive number of deaths.
The rate of 0.05 deaths per 100,000 workers in Australia was found to be comparable
to similar industrialised countries and jurisdictions where the fatality rate was found
iii

to vary between 0.05 (New Zealand and the United Kingdom), 0.07 (Province of
Quebec, Canada), and 0.08 (United States and Singapore) deaths per 100,000
workers. While the exposure to confined space work can vary from jurisdiction to
jurisdiction due to industry mix, across all selected industrialised countries the
fatality rate for confined space deaths was similar, and there was little variation in the
definition of a confined space and the requirements for safe confined space entry and
work. While the rates of confined space fatalities were comparable, and confined
space deaths remain relatively rare, there can be considerable difference in the
absolute number of deaths between countries as a result of the differing population.
All deaths are both costly and impose enormous pain and suffering on affected
families and work colleagues.
Across all similar industrialised countries it was found that up to half of all confined
space deaths were due to atmospheric hazards while the remainder were due to
physical hazards, including engulfment – a significant hazard in agriculture in the US
which has a substantial workforce in grain production, storage, and transportation.
Up to 17% of the confined space fatalities were found to be those undertaking rescue,
which were overwhelmingly as a result of hazardous atmospheres.
Across all similar industrialised countries the common root cause of death was found
to be inadequate risk assessment prior to conducting confined space work stemming
from inadequate application of the risk management process among those entering
and those supervising confined space work. This exists across all levels – from
management to supervisors to individual work groups. Confined space incidents can
include multiple fatalities, both initial entrants and would-be rescuers. Unplanned
rescue attempts were rarely successful and often resulted in additional fatalities. Due
to the high risks associated with confined space rescue, a simplified rescue procedure
suitable for on-site or in-house confined space rescue teams was developed in
conjunction with experienced rescue professionals and rescue teams in regards to the
hierarchy of rescue (self-rescue, non-entry rescue, and entry rescue – with an
increasing level of difficulty and danger); including specific rescue procedures for
confined space engulfment incidents. This research also noted that the need for
confined space rescue can be all but avoided if adherence to all safe work procedures
is undertaken prior to entry, and is much preferred to performing a rescue after an
entry is made.
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The most common mechanisms of confined space engulfment incidents were found
to occur when a worker became entrapped or engulfed during unloading of a silo or
other product storage facility, when a worker was covered by an avalanche of
product, or when a worker fell into a hidden void in a product. Agricultural products
were the most likely medium. Worker age (both very young and older workers were
more at risk), fatigue, seasonal employment, lack of training; and lack of safe
working procedures in the workplace were all contributory factors. While prevention
of a confined space incident is always preferable, the improving availability and
training in the use of specific rescue equipment such as grain rescue tubes was found
to have great potential to reduce confined space engulfment fatalities.
To reduce confined space fatalities, recommendations include improved worker
education, training and knowledge; compliance with safe work procedures (including
the risk management system and legislation, codes of practice and standards); and the
conduct of thorough atmospheric testing and monitoring, ventilation, and purging as
required. In addition, the application of future and emerging technologies such as
smart monitoring devices other wearable technologies can provide real-time
environmental and worker condition and information to supervisors and managers,
enhancing safety oversight.
There are a number of limitations to this work. The principal limitation is the lack
and quality of the available data – there is no specific coding for confined spacerelated deaths in any of the jurisdictions in this study – and hence identification of
confined space fatalities often requires manual review of large data-sets. The
calculation of confined space fatality rates is also limited by data, with differences in
factors such as the numbers of workers at risk, variation in the nature of confined
space work, and the quantity of work done differing by jurisdiction. There are also
dissimilarities in the legislation and standards between jurisdictions, which result in
differing inclusions and exclusions. Finally, only fatal incidents are included.
Incidents which do not result in one or more fatality may not be notifiable to
authorities, and while such incidents may be tracked through workplace
compensation claims (noting the lack of specific coding for confined space incidents),
it is generally recognised that compensation data captures only approximately half of
all workplace injuries. For similar reasons, only traumatic deaths can be reliably
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connected to a particular workplace or work task, including confined space entry,
and chronic deaths are generally impossible to enumerate.
This research encourages and calls for further research to be conducted on this
subject, particularly in the identification and enumeration of non-fatal confined space
incidents including injuries and near-misses; in the identification of the factors which
lead to confined space agricultural engulfment incidents; and into the safety beliefs
and behaviours (safety culture) of personnel who undertake confined space work.
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CHAPTER ONE –
INTRODUCTION AND OVERVIEW
1.1. INTRODUCTION
Occupational or workplace fatalities resulting from both incidents and hazardous
exposures are a significant issue worldwide, with many thousands of work-related
deaths occurring annually. Workplace injuries and fatalities can be immediate or
traumatic1 in nature; and exposures to workplace hazards2 can also result in chronic3
injuries and illnesses which often don’t present until many years later. The
difficulties in establishing the link between a work activity and a death from illness
or injury many years later is particularly difficult; and as such data collections such
as the European Statistics on Accidents at Work (ESAW) program exclude fatalities
that occur more than 12 months after the event or exposure (European Union, 2012).
Although considerable efforts have been undertaken by governments (often through
regulatory agencies), worker advocacy organisations (such as unions), and industry;
workplace deaths continue to occur. Workplace health and safety (WHS) or
occupational health and safety (OHS) 4 is the term used to describe the efforts to
protect workers and other stakeholders from exposure to hazards and the subsequent
risks5 while undertaking work.
Confined space work is one such example of an environment in which many
workplace hazards are present. Confined space work can also result in traumatic
injury (including death) and chronic injury and illness. Confined spaces are defined
by a number of criteria and present substantial risks to workers undertaking tasks

1

A traumatic workplace incident is one which has immediate physical or health impacts (such as
injury or death) and can be directly attributed to work-related activities. Bystanders can also be subject
to traumatic injuries from work-related activities.
2
A hazard is defined as a source or a situation with the potential for harm. Hazards include toxic
atmospheres, chemicals, live electricity, workplace noise, or operating machinery.
3
Chronic illnesses and injuries result from exposure to workplace hazards (including chemicals, noise,
dust, and heavy loads) often with a long latency period, and a workplace nexus can be difficult to
ascertain. Bystanders can also be subject to chronic injuries and illnesses from work-related activities.
4
The term Workplace Health and Safety (WHS) is the more current usage as it refers to hazards
arising from the general workplace environment rather than a specific task that workers may
undertake at work – but both terms are generally used interchangeably.
5
A risk is defined as the likelihood that a person may be harmed or suffers adverse health effects if
exposed to a hazard. Risks have consequences such as human injury or ill-health, damage to property,
damage to the environment, or a combination of these
1

within confined spaces or in the immediate vicinity of a confined space – including
physical hazards, atmospheric hazards, and the danger of engulfment in a liquid or
free-flowing solid. An additional risk with confined spaces is the risk to rescuers
attempting to free or retrieve entrants after an incident has occurred. In some cases,
rescuers are killed attempting to assist other workers. Confined space entry for work
should only be made under strict safety conditions, with appropriate training and
supervision; and confined space rescue should never be attempted by untrained
personnel.

1.2 RESEARCH AIM
In 2012 I was working in the safety industry conducting safety training; performing
high risk access work; and providing WHS consulting services to a range of
industries including the construction, mining, water and waste, and manufacturing
industry groups. My work included multiple confined space entries, rescue stand-by
services, and confined space safe entry and rescue training. In order to advise on the
risks of confined space entry and the gravity and difficulty of attempting a rescue, I
sought to find published figures on the annual number or rate of confined space
incidents. I discovered that there was no definitive number or rate of confined space
fatalities published either in Australia or internationally. There were a number of
studies limited by region, industry group, or other selection criteria both in Australia
and internationally; and the few broad studies into confined space fatalities (only US)
were all somewhat dated. This was the impetus to conduct this research. My original
aim was to identify the number, rate, and aetiologies of work-related traumatic
confined space fatalities in Australia.
Specific objectives were:
•

To determine the rate of traumatic confined space fatalities in Australia and
compare that with other countries at a similar level of economic development.

•

To identify the range of factors that could be associated with confined space
fatalities and evaluate the factors to assess the contribution each may have to
the fatality rate.
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•

To determine what proportion of these confined space fatalities were rescuer
fatalities.

•

To identify preventative measures to reduce the risks to confined space
workers and rescuers in order to control the fatality rate.

While these were my original objectives, as I undertook additional research I was
able to expand on these further to develop a more international outlook; and I have
now produced a far more comprehensive body of research into work-related confined
space fatalities, both for Australia and internationally. By necessity, this work
focuses on traumatic confined space fatalities as the link between the work
undertaken (including confined space entry or associated tasks) and the subsequent
injury can be ascertained with a high degree of confidence.

1.3. RESEARCH DESIGN
This investigation consisted of new research from source data for Australia and New
Zealand, the collation and comparison of previously published studies for the United
States (US) and Canada, the collection and cross-referencing of individual case
reports, media reports, and safety alerts – often industry-driven – of confined space
incidents in various jurisdictions, and the aggregation of a number of small data sets
of rare event data to generate a sum of data for analysis. The selection of source data
was necessarily restricted to English-speaking countries, with a high level of
industrialisation and social development (and thus with appropriate WHS legislation
and government regulatory agencies), and with records or reports which were
available for interrogation and analysis. Unfortunately, many jurisdictions which
otherwise meet the criteria (high level of industrialisation and social development) do
not have either specific confined space clauses or standards contained in their WHS
legislation, or do not have records which contain the data granularity required for the
identification and analysis of confined space fatalities. As such, this work is
primarily based on data from Australia, New Zealand, the US, Canada, Singapore,
and the United Kingdom (UK).
1.3.1 Sources
Established in 2000, the National Coronial Information Service (NCIS) is an
internet-based data storage and retrieval system of all deaths reported to a coroner in
3

Australia. Reportable deaths include those in which a person dies of unnatural causes
(such as in a workplace death) or when the cause of death in unknown. Reporting
such deaths is mandatory under Australian law. The NCIS is one of the three datasets
used by Safe Work Australia to track and report on the annual workplace fatality rate
(Safe Work Australia, 2017). It is the most comprehensive in the capture of all
workplace deaths, however it has limitations as coding is a complex process and the
data provided to the system is occasionally missing or incorrectly coded (Bugeja,
Ibrahim, & Brodie, 2010; Lindquist, Yardley, & Champion de Crespigny, 2014).
The other datasets used are the National Data Set for Compensation-based Statistics
(NDS), and the Notifiable Fatalities Collection (NFC). The NDS only records deaths
in which a claim for compensation is made, and thus it does not account for selfemployed persons, deaths without a claim for compensation, bystander fatalities, or
Defence Force fatalities (Safe Work Australia, 2015). As such, the NDS is
recognised as only capturing approximately one-half of all workplace deaths
(Driscoll et al., 2003; Lindquist et al., 2014). The NFC dataset consists of workrelated fatalities as notified by the 13 various state, territory, and the Commonwealth
workplace health and safety authorities. The weaknesses with the NFC dataset are
that data is only available from 2003, and work-related vehicle fatality data prior to
2013 is limited (Lindquist et al., 2014; Safe Work Australia, 2015).
The NCIS was the primary source of data used to determine the number and
aetiologies of confined space fatalities which occurred in Australia over the period
2000-2012. The NCIS database is comprised of a number of fields including the date
and time of death and a description of the basic circumstances related to the fatality.
As there is no specific coding for confined space fatalities, a number of negative
filters were applied to the database to reduce the tens of thousands of database entries
to a manageable set of source data. The database has a number of existing check-box
fields including whether an incident6 was determined to be work-related, whether it
involved intentional self-harm, resulted from an assault, was caused by terrorism or
war, or was sports-related, amongst others. These boxes were unchecked and acted as
broad negative filters to exclude those incidents which were not work-related and

6

The term incident is generally used to refer to an unexpected event which does not necessarily
include loss or damage of any kind, but can include a near miss or a close call. Incident is the
dominant terminology used in this work.
4

could not have occurred in a confined space – such as vehicle accidents 7 . The
exclusion of these records reduced the dataset to the source data to be scrutinised.
After the exclusions were applied, over 4,200 individual records remained to be
individually examined. While many of the records could be discounted quickly
based on the incident description field of the database (such as death from
anaphylaxis following a bee sting), many required further analysis. The description
field itself rarely used the term ‘confined space’; however often reported the location
of the incident and the circumstances of death. Description fields varied greatly in
quality and quantity of information. In some older records, the description field
consisted only of a single line of text. In newer records, the description field was
often quite comprehensive and permitted the record to be either included or excluded
as appropriate. Some records have additional attachments such as police reports,
coroner’s reports, and toxicology reports. While the police reports (usually the first
emergency services personnel to arrive at the scene) varied greatly in quality,
coroner’s reports and toxicology reports were valuable additions to assist in the
determination of inclusion or exclusion. Workplace fatalities in which a confined
space could be clearly identified as a significant contributing factor were included.
Complicating the categorisation of a work-related death as a confined space fatality
was that the NCIS uses the International Classification of External Causes of Injury
(ICECI) coding system to classify fatalities, rather than the standard Type Of
Occurrence Classification System (TOOCS) version 3.1 used in Australia (ASCC,
2008). In both classification systems, there are no specific classifications by agency
or mechanism by which confined space injuries or fatalities can be readily
determined. The lack of specific coding for confined space incidents is not limited to
Australia or to the ICECI coding system and existed in all jurisdictions studied.
When an incident was identified but there were doubts as to its inclusion or exclusion
status, individual state coroner’s offices, workplace health and safety authorities, and
other agencies (such as the Australian regulator for safety in the offshore oil and gas
industry – the National Offshore Petroleum Safety and Environmental Management

7

The term accident is generally used to refer to an unexpected event which is caused by error or
chance, and which usually has some negative result – such as damage to plant or equipment, injury to
a person, or loss of life.
5

Authority – NOPSEMA; and the Australian transportation safety regulator – the
Australian Transport Safety Bureau – ATSB) were contacted for clarification as
required. There were three requests made for clarification from state coroner’s
officers (one each from Queensland, New South Wales, and Victoria), and three
requests made for clarification from state WHS regulators (two from South Australia
and one from the Northern Territory). Upon receiving further information from these
agencies, two were excluded and the remainder were included.
Workplace fatalities in which performing work in a confined space was a significant
contributor to the fatality (such as workers welding the external surface of a confined
space and were killed when it exploded) were also included.
Each confined space fatality identified was also cross-referenced to published case
studies, safety alerts, and reports in the open media. There were a number of
confined space deaths identified which occurred within the jurisdiction of the ATSB,
and each had an available investigation report which confirmed the circumstances
and justification for inclusion, and further details of the incident. Some incidents
were also widely reported in the open media, while others remained obscure. Media
reports were sometimes wildly inaccurate, but often provided context to the work
circumstances which were not apparent in the NCIS database (such as work
experience, length of employment, etc.).
NZ coronial data from 2007 was integrated into the NCIS in 2015 and this was also
used as the primary source data for the number and aetiologies of confined space
fatalities which occurred in NZ over the period 2007-2012. The same process was
used as for determining Australian confined space fatalities, and over 400 individual
records were manually reviewed. It should be noted that unlike Australia with eight
different police and state coronial jurisdictions, the singular jurisdiction in New
Zealand provided a far more consistent set of data to each record, and the police
reports in particular contained detailed descriptions of each incident which reduced
the requirement to seek further information. Consequently, no clarification from
Work Safe New Zealand or Maritime New Zealand was required. Like the Australian
data, each confined space fatality identified was also cross-referenced to published
case studies, safety alerts, and reports in the open media; which generally confirmed
the circumstances of the description of each incident.
6

Workplace Safety and Health National Statistics reports produced by the Workplace
Safety and Health Council of Singapore were used to determine the number and
aetiologies of confined space fatalities which occurred in Singapore over the period
for which data was available: 2007-2014. These were cross-referenced to published
case studies, safety alerts, and to media reports of confined space incidents in
Singapore over the period. There were very few confined space deaths recorded in
Singapore, including zero deaths in 2009 and 2012, and many of these incidents had
case studies and lessons learned published by the Workplace Safety and Health
Council (and available on their webpage) in order to avoid repeat incidents. With so
few incidents, cross-referencing was relatively straightforward. There were
differences between media reporting of three confined space incidents and their
categorisation in the annual Workplace Safety and Health National Statistics reports;
and clarification of the circumstances was sought directly with the Singapore
Workplace Safety and Health Council who provided the information to ensure data
accuracy. Uniquely, until 2012, Singapore recorded confined spaces as an agency of
incident8 (Workplace Safety and Health Council, 2011). That is no longer the case,
and individual fatality reports now require interrogation to determine the relationship
to confined spaces. The agency of incident classification is very useful to identify the
type of work environment or conditions under which incidents occur, and can be
used by researchers or WHS authorities to identify common circumstances or causal
factors.
The calculation of the rate of confined space fatalities for Australia, New Zealand,
and Singapore was undertaken using figures from government sources (Australian
Bureau of Statistics, 2014; Government of Singapore, 2015; Statistics New Zealand,
2016) of the working population to determine the number of confined space fatalities
per 100,000 of the working population per year. It must be acknowledged that this is
only one measure of comparison, and does not account for differences in industry
mix between countries, the likelihood of exposure to confined space work, or to
hours worked; however work-related fatality rates are a commonly used means of
evaluation of the effectiveness of WHS preventative measures (Wiatrowski &
Janocha, 2014; Woolford, Bugeja, Driscoll, & Ibrahim, 2017).

8

The object or physical environment, which due to its hazardous nature or condition, leads to the
occurrence of an incident. It is related to the incident, not the injury.
7

Although the numbers are a fraction of all workplace deaths, confined space fatalities
can be shocking and can have lasting impacts. Like all workplace deaths, confined
space fatalities are both costly and impose enormous pain and suffering on affected
families and work colleagues with both short-term and long-term effects including
mental health issues (Matthews, Johnstone, Quinlan, Rawlings-Way, & Bohle, 2019;
Vivona & Ty, 2011).
Previously published studies from the US and Canada were used to ascertain the rate
(Burlet-Vienney, Chinniah, & Bahloul, 2014; Meyer, 2003; Pettit, Braddee, Suruda,
Castillo, & Helmkamp, 1996; Wilson, Madison, & Healy, 2012), mechanism of
incident 9 (Burlet-Vienney, Chinniah, Bahloul, & Roberge, 2015a; Meyer, 2003;
NIOSH, 1994; Pettit et al., 1996; Sahli & Armstrong, 1992; Suruda, Pettit, Noonan,
& Ronk, 1994; Wilson et al., 2012), entrant / rescuer fatality ratio (Burlet-Vienney et
al., 2014; Meyer, 2003; Sahli & Armstrong, 1992; Suruda & Agnew, 1989; Wilson et
al., 2012), and rescuer mechanism of incident (McManus, 1998; Sahli & Armstrong,
1992; Suruda et al., 1994). In addition, available published data from a number of
Canadian provinces was used for mechanism of incident identification, and a review
of the FACE case data from the 1994 NIOSH confined space monograph (NIOSH,
1994) was undertaken to assist in the determination of the mechanism of incident for
confined space rescuer fatalities. The confined space fatalities were grouped into four
main categories in accordance with the major hazards of confined space work –
which are also the major mechanisms of incident. The fatalities were sorted into
categories of toxic atmospheres, flammable atmospheres including fire and explosion,
engulfment, and a further group combining other physical hazards that have
substantial risk.
A number of published studies revealed common casual factors 10 which led to
confined space fatalities (Beaver & Field, 2007; Burlet-Vienney et al., 2014;
MacCarron, 2006; Manwaring & Conroy, 1990; McCann & Zaleski, 2006; McManus,

9

The action, exposure or event that best describes the circumstances that resulted in the most serious
injury or disease. For a confined space incident, the mechanism of incident could be asphyxiation (the
cause of death), but the agency of incident would be confined space.
10
Causal factors are the primary reasons behind an incident and include human factors (fatigue,
unsafe actions), mechanical factors (faulty or inappropriate tools or equipment), environmental factors
(heat and weather conditions, or poor lighting), and group or social factors (supervision or safety
culture).
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1998; Pettit et al., 1996; Ross, 2007; Sahli & Armstrong, 1992; Suruda et al., 1994).
These were largely procedural in nature and included lack of confined space entry
training, failure to follow specified safe work procedures, failure to test the
atmosphere of the confined space before entry, and a lack of effective isolation
(lockout/tagout) procedures. The common root cause 11 has been identified as
inadequate application of the risk management process for confined space entry and
work. These results are discussed in more detail in Chapter 6 – Confined Space
Engulfment in this work. Further studies recommended that a more detailed and
specific risk assessment for confined space entry be carried out due to the nature of
the hazards (Botti, Duraccio, Gnoni, & Mora, 2018; Burlet-Vienney et al., 2015a;
Wilson et al., 2012).
The recommended rescue procedure for in-house or on-site confined space rescue
teams was developed by the author, who is professionally experienced in confined
space risk management, rescue planning, emergency standby tasks, and confined
space rescue training. The proposed procedure has developed incrementally over
several years and has been used successfully by a number of on-site rescue teams.
The recommended rescue procedure has been developed with regard to published
confined space rescue resources, albeit that they are aimed at professional emergency
services personnel (CMC Rescue, 2012; NFPA 350, 2019; Rekus, 2018; Rhodes,
2003; Roop, Vines, & Wright, 1998; Sargent, 2000; Veasey et al., 2005).
1.3.2 Inclusion and Exclusion Criteria
Due to the difficulty in identifying the nexus between confined space work and
chronic injury or illness – often with delayed onset of signs and symptoms – this
work only considers traumatic work-related traumatic fatal injuries involving
confined spaces.
All work-related fatalities which occurred in a confined space fitting the common
definition of a confined space were included. The common definition used was that a
confined space is an enclosed or partially enclosed space, which is not intended or
designed primarily for human work, and which has a risk of a hazardous atmosphere;

11

The root cause is the fundamental reason for the occurrence of a problem. In accident analysis, the
root cause is the initiating cause of either an action or a condition that leads to an incident.
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or a risk of engulfment by a free-flowing solid or liquid. The risk of a hazardous
atmosphere includes toxic airborne contaminants, flammable airborne contaminants
(including gases, vapours and dusts), and unsafe levels of oxygen (Commonwealth of
Australia, 2016b; Government of Canada, 2017; Government of Singapore, 2009a;
Government of the United Kingdom, 1997; OSHA, 2011c; Standards Australia,
2009). Confined spaces include vats, tanks, pits, pipes, ducts, silos, sewers, pressure
vessels, interiors of machines or plant, and some shipboard spaces. Workplace
fatalities in which performing work in a confined space was a significant contributor
to the fatality (such as a worker falling into a confined space and dying as a result of
the fall) were also included.
Confined spaces do not include the workings of underground mines (such as tunnels,
shafts, drives, and stopes), which are intended as a place of work and are specifically
excluded as confined spaces by some jurisdictions (Commonwealth of Australia,
2016b; Government of the United Kingdom, 1997; Standards Australia, 2009), or
which have other specific safety legislation or standards (Government of New
Zealand, 2016; Government of Queensland, 1999). Confined spaces such as tanks,
pipes, and the interiors of machines or plant may exist in a mine however, whether
underground or on the surface, and work requiring entry into these spaces would be
considered to be confined space work.
Ceiling cavities and trenches are also not confined spaces, unless they are expected
to contain atmospheric hazards, as they often have other specific safety legislation or
standards (Commonwealth of Australia, 2016b; Government of the United Kingdom,
1997; OSHA, 2011c, 2016). Work-related ceiling cavity deaths and work-related
trench deaths in Australia were identified and included separately as there were no
other studies in which such fatalities were identified.
1.3.3 Published Results
The number, rate, and aetiologies of confined space deaths in Australia were
published as Selman J, Spickett J, Jansz J, Mullins B. (2017) Work-related traumatic
fatal injuries involving confined spaces in Australia, 2000-2012. Journal of Health,
Safety and Environment, 33 (2): 197-215; which is included as Chapter 3 in this work.
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A comparison of the rate of confined space fatalities between similarly industrialised
countries, the mechanism of incident for confined space entrant fatalities and rescuer
fatalities (classified into four major categories), and the proportion of rescuer
fatalities was published as Selman J, Spickett J, Jansz J, Mullins B. (2018) An
investigation into the rate and mechanism of incident of work-related confined space
fatalities. Safety Science, 109 (2018): 333-343; which is included as Chapter 4 in this
work.
The common causal factors which lead to confined space incidents and fatalities,
implementation of the hierarchy of controls for confined space work, and the
presentation of a simplified confined space rescue procedure for in-house or on-site
confined space rescue teams was published as Selman J, Spickett J, Jansz J, Mullins
B. (2019) Confined space rescue: A proposed procedure to reduce the risks. Safety
Science, 113 (2019): 78-90; which is included as Chapter 5 in this work.

1.4. LIMITATIONS
The primary limitation in this research was the lack or incompleteness of available
data. All WHS authorities or regulatory bodies in industrialised countries have
specific regulations or codes of practice for confined pace entry and work – which
indicates that these bodies recognise there are specific hazards involved in confined
space work – yet there is no specific tracking of confined space incidents or injuries
(including fatality) as a separately coded category of incident (McManus, 1998;
Pettit et al., 1996; Riedel & Field, 2013; Sahli & Armstrong, 1992). The
aforementioned categorisation of incidents by agency of incident is one solution, but
is rarely used. The identification of confined space fatalities often requires manual
review of large data-sets.
Although this research compared and contrasted confined space fatalities in similarly
industrialised countries, variations in industry mix between the countries (and thus
the likelihood of exposure to confined space work), the hours worked, and the size of
the working population (calculated confined space fatality rates are more sensitive to
single incidents in smaller populations) can also be factors and are a limitation to the
results.
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Another limitation is the differing legislation and standards between jurisdictions.
Although there are more commonalities than differences, there are differing
exclusions and inclusions in the datasets used in the research, and the age of the data
in previous studies was variable. These limitations have been identified in prior
confined space fatality research (Burlet-Vienney et al., 2014; McManus, 1998; Pettit
et al., 1996; Sahli & Armstrong, 1992; Suruda et al., 1994).
The final limitation is that this research only includes confined space incidents which
resulted in one or more fatality. Non-fatal incidents are impossible to numerate for a
number of reasons. While mandatory reporting of workplace deaths is often required
(Dong et al., 2011; Gunby, 2011), incidents which result in less-than-fatal injuries or
even no injuries (such as near-misses) may not be notifiable to WHS regulators or
authorities. In Australia for example, an incident is only notifiable if it results in a
fatality, a serious injury (defined as requiring immediate treatment for an injury such
as an amputation, a serious head injury, or a spinal injury, etc.), or a dangerous
incident (defined as an immediate or imminent exposure to an uncontrolled explosion,
an electrical shock, or the collapse or partial collapse of a structure). Incidents that do
not meet these criteria such as minor injuries or near-misses are not notifiable to
WHS regulators or authorities (Commonwealth of Australia, 2016a). If an injury
results from a non-notifiable incident, it may be tracked through a claim for
compensation, however it is generally recognised that compensation data captures
only approximately half of all workplace injuries (de Castro, 2003; Driscoll et al.,
2003; McKenzie, Mitchell, Scott, Harrison, & McClure, 2009; Probst & Graso,
2013); and the same lack of specific confined space coding exists.

1.5 SIGNIFICANCE
As noted above, confined space fatalities have been investigated in previous
international studies across whole countries, limited by jurisdictions within a country
(such as by state or province), or limited by industry group or the type of work
conducted. The significances of this body of work are that:
•

No previous study of work-related confined space fatalities including the
aetiologies and mechanisms of incident has been undertaken across Australia.
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•

No previous study of work-related confined space fatalities has been
undertaken in New Zealand.

•

No previous comparison of confined space fatality rates (fatalities per
100,000 workers) has been made between different countries.

•

No previous study has attempted to identify the proportion of confined space
fatalities which were as a result of physical hazards.

•

No previous study has identified the mechanism of incident of confined space
rescuer fatalities.

•

No previous analysis of confined space rescuer fatalities across a broad range
of data has been undertaken; and the result of 17% of fatalities being rescuer
fatalities was much lower than the previously published and often-referenced
figure of 60%.

•

No simplified rescue procedure suitable for in-house or on-site rescue teams
has previously been developed and published.

1.6 THESIS STRUCTURE
This is a hybrid thesis comprised of an introductory chapter; a chapter containing a
literature review and history of the problem; separate chapters outlining the
methodology, results and discussion (comprised of both published manuscripts and
unpublished information); and a final chapter containing points of discussion,
conclusions and recommendations arising from this research. This thesis contains
three peer-reviewed publications to help address the objectives, of which the
candidate was the primary author. These manuscripts have not been included in any
other PhD thesis. All published work has been replicated with permission from
respective publishers and such authorisations and authorship declarations signed by
each co-author are in appendices 4 to 7. Chapters 3, 4, and 5 contain the published
papers. The published manuscripts address all of the research objectives, and are
presented in separate chapters. A summary of the published manuscripts and the
significant findings of each is outlined in table 1. One single reference list appears at
the end of this thesis and is inclusive of all citations.
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Table 1. Published manuscripts and significant findings
Publication

Significant Findings

Selman J, Spickett J, Jansz J, Mullins B. (2017) Work-related

• 59 confined space deaths in Australia over the period 2000-2012

traumatic fatal injuries involving confined spaces in Australia, 2000-

• Rate of 0.05 confined space deaths per 100,000 workers in Australia

2012. Journal of Health, Safety and Environment, 33 (2): 197-215.

• 2 deaths were rescuer deaths
• Highest number of deaths in transport, postal & warehousing; and manufacturing industry
groups
• One Australian state, Western Australia, had a disproportionate number of deaths
• 57% of deaths as a result of atmospheric hazards and remainder of deaths from physical hazards
• Half of confined space deaths were among those aged under 35
• Ship or boat hulls or holds were the most common vessel type related to confined space
fatalities
• In addition, 16 ceiling cavity deaths and 8 trench deaths (not confined spaces) were identified

Selman J, Spickett J, Jansz J, Mullins B. (2018) An investigation into
the rate and mechanism of incident of work-related confined space
fatalities. Safety Science, 109 (2018): 333-343.

• Although there is no universal definition of confined space between various countries, there are
few differences overall
• Different countries have similar occupational exposure limits (for atmospheric hazards which
may exist in confined spaces)
• Rate of 0.05 confined space deaths per 100,000 workers in New Zealand
• Rate of 0.08 confined space deaths per 100,000 workers in Singapore
• Across all selected industrialised countries, the fatality rate for confined space deaths was
similar – 0.05 to 0.08 per 100,000 workers
• Up to half of all confined space deaths were due to atmospheric hazards
• The remainder of confined space deaths were due to physical hazards, including engulfment
• Engulfment is a significant hazard in the agricultural industry
• No more than 17% of confined space fatalities are rescuer fatalities, and are almost exclusively
the result of atmospheric hazards
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Selman J, Spickett J, Jansz J, Mullins B. (2019) Confined space

• Confined space incidents can result in multiple fatalities

rescue: A proposed procedure to reduce the risks. Safety Science, 113

• Confined space incidents all stem from inadequate risk assessment and failure to apply the risk
management system

(2019): 78-90.

• Attempted rescue of personnel involved in an confined space incident is rarely successful
• Confined space rescue consists of three broad levels: self-rescue, non-entry rescue, and entry
rescue – with an increasing level of difficulty and danger
• A simple five-step rescue procedure is suitable for on-site or in-house confined space rescue
teams
• While the same procedure is suitable for engulfment incidents, special equipment and
techniques are required
• Confined space rescue should be deliberately planned and conducted by trained and competent
people
• Prevention of the need for confined space rescue is preferable.
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CHAPTER TWO –
LITERATURE REVIEW AND HISTORY
This chapter details the development of the confined space safety body of knowledge.
This is necessarily intertwined with the progress of knowledge on workplace (or
occupational) health and safety matters and the efforts by governments and worker
advocacy organisations (such as unions) to reduce workplace hazards; reduce
workplace injuries, illnesses and fatalities; and protect workers’ rights. This chapter
includes a review of the development of confined space safety legislation,
regulations, and standards; an examination and comparison of international
workplace fatalities and statistics; and a literature review of previous work
concerning confined space fatalities.

2.1. HISTORY
While the risk of injury or fatality in the workplace has always been present, the
specific dangers of working in confined spaces have also been observed for over
2000 years. The British surgeon Charles Thackrah (1832, p. 83) wrote of the Roman
emperor Trajan (98 – 117 AD) ‘punishing a certain class of offenders by appointing
them to the cleaning of sewers’, some of whom ‘died from the choking fumes’
(Leyerle, 2009, p. 339). In 1556, Agricola (translated 1912) wrote of stagnant air in
mines producing difficulties in breathing for those who worked within. Importantly,
he also identified that work activity increased the dangers ‘because the foul air from
both lamps and men make the vapours still more heavy’ (p. 155); and that suitable
actions could be taken to improve the conditions – ‘the remedies for this evil are the
ventilating machines’ (p. 251). Thackrah also identified the maladies suffered by
workers in various occupations such as well-sinkers and sewer-cleaners who were
‘frequently obliged to respire carbonic acid’ (p. 43) and were subject to ‘fetid gases’
(p. 83) during the conduct of their work – in circumstances which would be
considered to be confined spaces today. In 1921 The Lancet reported research
undertaken to determine permissible limits for carbon monoxide exposure in
confined spaces (Sprigge, 1921). The health and safety risks to workers, including
those involved in confined space work, eventually resulted in governments passing
safety legislation for protection from workplace hazards.
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2.2 GENERAL SAFETY LEGISLATION
As the world rapidly shifted from a primarily agrarian society to a manufacturing
economy, the industrial revolution was characterised by a large-scale change from
manual and animal-based labour to machine power which brought many new hazards
to the workplace. These hazards also brought about an increase in the injuries and
fatalities suffered by process workers – including children – many of whom worked
under terrible conditions (Winder, 2009). Commencing in the early 1800’s,
governments commenced passing laws (various Factories Acts) which required
employers to protect the health and safety of workers through the application of
specific standards with detailed and technical rules (Hofmann, Burke, & Zohar,
2017; Johnstone, 1999). Initially passed to protect women and children in the textile
industry, these laws eventually expanded into other areas such as mining (Hutchins
& Harrison, 1911).
2.2.1 Duty of Care Legislation
Progress on protecting the health and safety of workers continued to be based on
exhaustive regulations and rules and safety innovation stagnated until after World
War II, when the US passed the Occupational Safety and Health Act of 1970. This
legislation commenced the shift away from detailed, technical specification standards
and introduced general duty of care requirements (US Government, 1970). This was
the first government legislation to introduce a two-pronged approach whereby an
employer had a generic, legislated duty of care12; and was also required to follow
certain standards where decreed.
Following the US, in 1970 the UK established the Committee on Safety and Health
at Work under Lord Alfred Robens. The committee found workplace accidents and
fatalities to be ‘serious and disturbing’; and following the initiatives of the US and
Canada recommended that a new system of workplace self-regulation be introduced,
including involvement by workers and their representatives. The new system
proposed to establish an employer’s general duty of care in law, and to also enable
specific requirements through subordinate legislation such as regulations and codes

12

A moral or legal obligation to ensure the safety or well-being of others.
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of practice (Robens, 1972). The government of the day agreed, and enacted the
Health and Safety at Work etc Act 1974.
2.2.2 Australia
Australia followed suite, and the states and territories independently enacted their
own workplace health and safety (or occupational health and safety) legislation. Each
of these jurisdictions followed the three-tiered Robens recommendation of an Act,
regulations, and codes of practices; and with the same general duty of care provisions
placed on employers as in the UK model (Bluff & Johnstone, 2005; Winder, 2009).
Although based on the same principles, each of the states and territories is
responsible for their own workplace health and safety legislation, as it is not a
Commonwealth responsibility under Section 51 of the Australian Constitution. An
initiative to ‘harmonise’ workplace health and safety legislation across Australian
states and territories commenced in 2008, and legislation based on the model laws
was implemented in the Commonwealth jurisdictions, in both territories (the
Australian Capital Territory and the Northern Territory), and in two states
(Queensland and New South Wales) in January 2012. Two further states (Tasmania
and South Australia) followed suit in January 2013; however the final two states
(Victoria and Western Australia) have not implemented new WHS legislation based
on the model laws at this stage. (MacDonald, Driscoll, Stuckey, & Oakman, 2012;
Windholz, 2013). It is expected that Western Australia will implement new WHS
legislation sometime in 2020, with a Bill prepared for debate in the state parliament
(Government of Western Australia, 2019); while Victoria has no plans to review the
current WHS legislation.
2.2.3 United States
The current state of legislation is no less complex in the United States. Although the
Occupational Health and Safety Administration (OSHA) was established and
appointed as the WHS regulator by the Occupational Safety and Health Act of 1970,
(the National Institute for Occupational Safety and Health – NIOSH – was
established under the same legislation as a WHS research and education agency),
individual states are permitted to pass their own safety legislation for workers and
appoint their own state regulator. 21 of the 50 states and the territory of Puerto Rico
have passed independent safety legislation, and an additional five states and the
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territory of the Virgin Islands have passed independent safety legislation for public
sector workers only. Further, self-employed persons and farm workers who are
family members or who work on farms with less than eleven employees are exempt
from all OSHA regulations (OSHA, 2011b; US Government, 1970).
2.2.4 Other Industrialised Countries
Of the other similarly industrialised countries referred to in this research, Canada has
a WHS legislation and regulatory structure similar to that of Australia with separate
jurisdictions; including a federal agency, ten provincial agencies, and three territorial
agencies (Government of Canada, 1985). The UK’s WHS legislation continues to
operate within the Robens framework and has a single regulator, the Health and
Safety Executive (the HSE). In the European Union, there is no common regulation
or standard, but an overarching Framework Directive which guarantees minimum
safety and health requirements throughout Europe (European Union, 1989); and a
series of EU issued directives establish binding minimum WHS standards for
specific tasks, hazards, and workplaces. Member states may enact legislation with
higher safety standards into their own national legal framework. There is no EU
directive on confined space work and thus the procedures for safe confined space
entry and work are defined by the country in which the work takes place (Botti et al.,
2018).
New Zealand’s WHS legislation also operates with the Robens framework, and New
Zealand has recently passed new WHS legislation based in part on the model
Australian WHS legislation (Government of New Zealand, 2015; Windholz, 2016).
New Zealand, like the UK, has a single WHS regulator.
Singapore likewise has a single regulator and has legislation which operates under a
Robens-like framework (Government of Singapore, 2009c). Following a number of
serious workplace accidents in 2004 which claimed 13 lives, Singapore embarked on
a safety reform program which introduced new WHS legislation; strengthened the
powers of the regulator (the Ministry of Manpower); employed more WHS
inspectors; and increased engagement with employers, unions, service providers and
other stakeholders (Doh, 2012). Many migrants on working visas are employed in
higher-risk occupations in Singapore, and often have different safety perceptions to
local employees given the poorer safety standards and practices in their countries of
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origin (Chan, Wong, Hon, Lyu, & Javed, 2017). Singaporean WHS legislation is
therefore generally more prescriptive in higher risk work tasks than the
aforementioned countries, with additional regulations for WHS officers (requiring
registration, qualifications, and experience), construction, ship-building and repair,
abrasive blasting and confined space work, among others. All specific regulations for
high risk work require, for example, that workers attend a safety and health training
course approved by the regulator (Government of Singapore, 2008b, 2009b). Specific
to confined space work, areas in which the Singaporean legislation is more
prescriptive than other industrialised countries are the requirement for a workplace to
record the description and location of all confined spaces, to appoint specific
managers to authorise confined space work, and for all confined space entrants to
display name and identification badges at the point of entry of the confined space
(Government of Singapore, 2009a).
2.2.5 Legislation, Codes of Practice, and Standards
Many industrialised and developed countries have explicit WHS legislation which
includes the requirements for the control of various risks in the workplace. These
typically include working with hazardous chemicals, working at height, electrical
work, noise, and working in confined spaces. Some of these hazards have explicit
and detailed control measures to be applied, while the implementation of control
measures for other hazards requires application of the risk management system.
Codes of practice and standards have been developed which provide more detailed
guidance on minimising the risks from the hazards explicitly described in the
legislation. Due to the general duty of care requirement to provide a work
environment in which workers are not exposed to undue hazards, additional codes of
practice and standards which aim to minimise the risk from other workplace hazards
not detailed in the legislation have also been developed. These standards are often
produced by organisations or industry associations, and represent ‘best practice’ for
controlling risk.
In some cases, a code of practice or standard is specifically referenced in legislation
and is thus enforceable by law. For example, most Australian state and territory
WHS legislation references 16 Australian or joint Australian / New Zealand
Standards (Government of New South Wales, 2017; Government of Queensland,
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2011; Government of Victoria, 2017). In other cases, code of practices or standards
may not be referenced by legislation, but compliance with such documents by a
workplace can demonstrate adherence to a safe system of work and thus assists in
meeting the general duty of care requirement. Unfortunately, this can result in an
array of different documents which, although describing similar safe work
procedures, do differ in their application and recommendations. For example, the
Australian state of Western Australia requires that confined space entry complies
with Australian Standard 2865:2001; although the standard has been revised and
reviewed since, and the current edition of that standard was published in 2009
(Government of Western Australia, 1996; Standards Australia, 2009). The
availability, relevance (by jurisdiction, by industry, or by confined space type), and
legal worth of these guidelines can vary by jurisdiction. This issue applies to
confined space safety legislation in many of the industrialised countries referred to in
this research.

2.3 CONFINED SPACE SAFETY LEGISLATION
It was recognised by legislators that working in confined spaces with the
characteristic hazards of poor ventilation, the potential for hazardous atmospheres to
accumulate, and the risk of engulfment in material was one of those areas which
required specific safety control measures such as legislation.
2.3.1 Early Confined Space Regulations
Previous regulations which sought to specify safety requirements for confined space
work had existed in earlier state legislation in Australia – such as in the Western
Australian Act Relating to Factories 1904 in which Section 27 required employers to
‘supply efficient appliances to carry off and render harmless all gases, fumes, dust,
and other impurities.’ (Government of Western Australia, 1904) and the South
Australian Factories Act Amendment Act 1910 in which Section 39 required of
employers that space was ‘to be kept clear in the vicinity of any engine, machine, or
machinery therein as is sufficient to enable any person to work, attend to, and clean
the same without risk or injury to himself or any other person.’ (Government of
South Australia, 1910). Certain spaces within factories and workplaces began to be
recognised as having particular hazards and specific regulations were enacted to
protect workers, with the NSW Factories, Shops and Industries Act 1962 requiring
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workers to be protected from the hazards of ‘dangerous containers’ (Government of
New South Wales, 1962).
2.3.2 Confined Space Standards
The first confined space standard produced internationally under the tiered legislative
system was the Safety Requirements for Working in Tanks and Other Confined
Spaces produced by the American National Standards Institute (ANSI) in the US in
1977. This standard, although a voluntary industry standard (essentially a code of
practice), sought to set the minimum requirements for safe entry, continued work in,
and exit from tanks and other confined spaces at normal atmospheric pressure (ANSI,
1977).
Following on from the ANSI standard, NIOSH issued the criteria document Working
in Confined Spaces in 1979. This document, a recommendation only (as per the legal
status of NIOSH publications), recommended a number of procedures as ‘a means of
protecting the health, and significantly reducing accidental injury and death
associated with entering, working in, and exiting from confined spaces.’ (NIOSH,
1979, p. 1).
NIOSH followed this with A Guide to Safety in Confined Spaces in 1987, a document
providing advice to workers and supervisors who may need to undertake confined
space work (NIOSH, 1987b). OSHA, responsible for the issue and enforcement of
legal safety standards, issued a number of interim alerts and guides, and issued the
enforceable standard (an earlier version of the current 2011 standard) in 1993
(OSHA, 1993).
2.3.3 From Standards to Legislation
In the UK, the HSE published Guidance Note GS5 Entry into Confined Spaces in
1980 (Government of the United Kingdom, 1980). This was eventually superseded
with The Confined Space Regulations in 1997 (Government of the United Kingdom,
1997).
Standards Australia first published the voluntary industry standard Australian
Standard (AS) 2865 Safe Working in a Confined Space in 1986, with a second
edition published in 1995 (Standards Australia, 1995). This second edition was
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adopted by the Australian National Occupational Health and Safety Commission
(which became the Australian Safety and Compensation Council and is now Safe
Work Australia) as a consistent approach to confined space entry and work and
which could be used as regulations or a code of practice under state or territory
jurisdiction. By way of example, the Queensland Workplace Health and Safety
Regulations 1997 called up certain sections of this Standard that were compliance
requirements. Other states and territories used the Australian Standard as a basis for
the relevant sections in their workplace health and safety regulations.
Currently in Australia, each state which has adopted the model WHS legislation have
common requirements for confined space safety and use the code of practice
produced by Safe Work Australia and the standard for confined space work and
safety (Safe Work Australia, 2016). Difficulties arise in the other states such as in the
state of Western Australia, which continues to use AS 2865:2001 Safe working in a
confined space as the code of practice, despite that standard being superseded by AS
2865:2009 Confined spaces (Government of Western Australia, 1996; Standards
Australia, 2009). The state of Victoria has its own code of practice – the Compliance
code: Confined spaces (Government of Victoria, 2018). There are subtle differences
in both the Australian Standard and the Victorian Compliance code to the model
code of practice produced by Safe Work Australia, including the definition of what
constitutes a confined space and the requirements for emergency preparedness,
including confined space rescue.
A timeline of confined space safety publications showing the increasing emphasis
over time is provided in figure 1.
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1904

An Act Relating to Factories (Western Australia)

1910

Factories Act Amendment Act (Government of South Australia)

1977

Safety Requirements for Working in Tanks and Other Confined Spaces
(ANSI – United States)

1979

Working in Confined Spaces (NIOSH – United States)

1980

Guidance Note GS5 – Entry into Confined Spaces (HSE – UK)

1986

Safe Working in a Confined Space (Standards Australia)

1987

A Guide to Safety in Confined Spaces (NIOSH – United States)

1993

Permit-required confined spaces (OSHA – United States)

1995

Safe Working in a Confined Space ed. 2 (Standards Australia)

1997

The Confined Space Regulations (HSE – UK)

2009

Confined Spaces ed. 3 (Standards Australia)

2009

Safety Requirements for Confined Spaces ed. 2 (ANSI – United States)

2011

Permit-required confined spaces ed. 2 (OSHA – United States)

2011

Code of Practice – Confined Spaces (Safe Work Australia)

2014

Code of Practice – Confined Spaces ed. 2 (Safe Work Australia)

2016

Code of Practice – Confined Spaces ed. 3 (Safe Work Australia)

2018

Compliance Code – Confined Spaces (Victoria, Australia)

2018

Code of Practice – Confined Spaces ed. 4 (Safe Work Australia)

Figure 1. Timeline of confined space safety publications
Based on the review of confined space legislation between jurisdictions where many
regions follow the practices and paradigms of others, and the similarly industrialised
nature of the countries in this study, comparisons of confined space injuries and
fatalities can be confidently made. A key component of this is the comparison
between jurisdictions of the definition of a confined space.
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2.3.4 Confined Space Definition
Exactly what constitutes a confined space varies by jurisdiction, with different
countries holding different definitions for confined spaces. The definition of a
confined space may even differ by jurisdiction within a country, such as is the case in
Australia and Canada. In addition, although still meeting the criteria to be classified
as a confined space, the safe procedures for confined space entry and work may
differ according to industry sector in some countries such as the US.
For the purposes of this research, a confined space was defined as an enclosed or
partially enclosed space, which is not intended or designed as a regular place of work,
and which has a risk of a hazardous atmosphere; or a risk of engulfment by a freeflowing solid or liquid. Hazardous atmospheres include toxic airborne contaminants
such as gases, fumes, mists, biological agents, and vapours; flammable airborne
contaminants such as flammable gases, vapours, and dusts; and unsafe levels of
oxygen – usually low levels of oxygen.
It should be noted that the US has two classifications of confined spaces. A confined
space is large enough for a person to enter and perform work, has limited means of
entry and exit, and is not designed for continuous occupancy. This is also known as a
non-permit confined space. A permit required confined space (PRCS) is a confined
space that may also contain (or has the potential to contain) a hazardous atmosphere,
a material with the potential for engulfment, internally sloped walls that may lead to
entrapment, or any other serious safety or health hazard (OSHA, 2011c). For the
purposes of this research and to ensure consistency across different jurisdictions,
only PRCS are considered confined spaces.
A consolidated list of the definitions of a confined space from a range of
industrialised countries as referenced in this work is at appendix 8.
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2.4 WORKPLACE FATALITIES
Prior to determining and discussing the rate of work-related confined space fatalities
and making comparisons between various countries or jurisdictions, it is prudent to
examine the differences in the rate of overall workplace deaths between countries. It
is difficult to make direct comparisons between countries as different injury,
mechanism of incident, and industrial classifications are used, and workplace injury
data lacks accuracy and completeness regardless of where it is collected (Koehoorn
et al., 2015; OECD, 1990; Probst & Graso, 2013; Takala, 1999). Fatality data is
likely to be more complete and accurate than injury data due to often mandatory
reporting of workplace deaths and simpler classification systems (Dong et al., 2011;
Driscoll et al., 2003; Gunby, 2011).
2.4.1 Australia and New Zealand
Safe Work Australia (formerly known as the Australian Safety and Compensation
Council – ASCC; and prior to that known as the National Occupational Health and
Safety Commission – NOHSC) collates work-related fatal incidents through the
Traumatic Injury Fatalities (TIF) dataset which is populated from data tracked by the
13 various state, territory, and Commonwealth workplace health and safety
authorities; and from the NCIS, which is a record of all deaths reported to a coroner
in Australia (Lindquist et al., 2014). Safe Work Australia reported that 182 workers
(including bystanders) were fatally injured at work in 2016, representing a fatality
rate of 1.5 fatalities per 100,000 workers. The overall workplace fatality rate in
Australia has decreased over time from 3.0 in 2007 to 1.5 per 100,000 in 2016 (Safe
Work Australia, 2017).
The rate of work-related fatalities in New Zealand (NZ) over the period 2008 to 2016
shows a decrease from 3.9 to 2.1 fatalities per 100,000 workers (Statistics New
Zealand, 2017). This is an improvement in comparison to the period 2005 to 2008,
where Lilley, Samaranayaka, and Weiss (2013) found the rate to average 4.2
fatalities per 100,000 workers.
Both Australia and NZ assign each fatality an industry group in accordance with the
Australian and New Zealand Standard Industrial Classification (ANZSIC) system. In
both Australia and NZ, a small number of industry groups – notably agriculture,
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forestry and fishing; construction; and the transport, postal and warehousing industry
groups – had much higher rates of work-related fatalities than the other industry
groups (Gunby, 2011; Lilley et al., 2013; Safe Work Australia, 2017; Statistics New
Zealand, 2017). Agriculture in particular continues to have a high work-related
fatality rate and has shown little reduction in the fatality rate since 2007 (Lower,
Rolfe, & Monaghan, 2017).
2.4.2 North America
Like Australia and NZ, the US has seen a decrease in workplace fatalities, falling
from 5,734 in 2003 to 5,190 in 2016 – despite the working population increasing by
10.5% over this period (US Bureau of Labor Statistics, 2018). Historically, the rate
of worker fatalities initially demonstrated a decreasing trend from 4.0 to 3.5 fatalities
per 100,000 workers over the period 2003 to 2010. The annual report of workplace
fatalities produced by the US Bureau of Labor Statistics (BLS) shows that the rate
has levelled off since and no further decreases are evident (US Bureau of Labor
Statistics, 2017). In the same BLS report, transportation accidents were found to
account for almost 40% (2,083) of workplace deaths in 2016.
Aggregated data from the Association of Workers Compensation Boards of Canada
(AWCBC) drawn from the provincial and territorial worker’s compensation boards
in Canada found the fatality rate to range from 0.8 per 100,000 workers to 4.5 across
the provinces and territories (Tucker & Keefe, 2018); however a major limitation in
drawing data from Canada is that unlike most other countries included in this
research, there is no national database of work-related fatalities (Grant, 2017).
2.4.3 Singapore
The Occupational Health and Safety Division of Singapore’s Ministry of Manpower
reported 42 fatal work-related injuries in 2017 (Government of Singapore, 2017), 12
(29%) of which occurred in construction and 7 (17%) each in transport and storage,
and manufacturing; for an overall worker fatality rate of 1.2 per 100,000 workers.
This is a significant and rapid decrease in the fatality rate from 4.9 fatalities per
100,000 in 2004 (Government of Singapore, 2008a).
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2.4.4 Europe
The UK has among the lowest rate of workplace deaths amongst all industrialised
countries, at 0.51 per 100,000 workers. In raw figures, 144 people were killed at
work in 2017/2018, with a five year average of 141 deaths (Government of the
United Kingdom, 2018). Although there have been changes to the inclusion and
exclusion criteria, the rate of work-related fatal injuries in the UK has fallen from 2.3
in 1982 to 0.51 per 100,000 in 2017/2018 . Notably, data collected by the UK’s
Health and Safety Executive (HSE) – the governmental department responsible for
workplace health, safety, and welfare in England, Scotland, and Wales – does not
include fatal accidents involving workers travelling by air or sea; or travelling to and
from work by road (Government of the United Kingdom, 2018).
The European Union is made up of 28 member states which have considerable
variation in their economic and financial activity; population, education and society;
industry and trade; and agriculture, forestry and fishing. Accordingly, the member
countries of the European Union show a considerable variation in the rate of fatal
work-related injuries, from more than 3.5 in Romania, Lithuania, Belgium, and
Portugal; to less than 1.0 per 100,000 in Germany, the UK, Sweden, and the
Netherlands (European Union, 2018; Government of the United Kingdom, 2017).
These rates are often standardised to account for countries which have relatively
more workers in higher risk industries (such as construction and agriculture),
compared to those which have relatively more workers in lower risk industries (such
as health care and financial services). Other studies have concluded that higher
income level countries have statistically significantly lower work-related fatality
rates than lower income level countries (Hämäläinen, Takala, & Kiat, 2017; Wilson
et al., 2007).
A comparison of the most-recent work-related traumatic fatal injuries rates between
Australia, NZ, Singapore, the US, and the UK, is shown in Figure 2. It should be
noted that due to the differing inclusion and exclusion criteria, these figures are
useful for comparison purposes only. Feyer et al. (2001) found that the biggest
influence in the difference in the fatality rate between Australia, New Zealand, and
the US was the proportion of workers by industry – with the highest fatality rate in
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the countries with more workers in higher risk industry groups of agriculture,
forestry & fishing; transport, postal & warehousing; construction; and mining.

Rate (per 100,000 workers)

6.0
5.0
4.0
3.0

Australia
New Zealand
United States

2.0

Singapore
UK

1.0
0.0

Figure 2. Rate of work-related fatalities (per 100,000) across similar industrialised
countries, 2003–2017

2.5 CONFINED SPACE FATALITIES
There have been a number of studies of confined space fatalities published within the
literature, chiefly from the US. In addition to published research, there are also many
magazine articles, in print and online, as well as marketing and promotion material
and non-traditional media such as blogs, which on the whole do not contain any
original research, but often present information from published studies.
2.5.1 Early Studies
The first comprehensive study into confined space injuries and fatalities was
undertaken by NIOSH which examined accident reports over the period 1974 – 1977,
and which led to the production of the aforementioned recommended standard
(NIOSH, 1979). This study also listed the mechanism of incident for each fatality.
These selected incidents can be categorised into the four major mechanisms of
incident. Of the 276 selected incidents examined, 78 of the 193 fatalities (40%) were
as a result of toxic or oxygen deficient atmospheres, 47 (24%) were as a result of fire
or explosion, 26 (14%) were engulfed in free-flowing solids or liquids, and 42 (22%)
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died as a result of physical hazards such as electrocution, falls from height, and
temperature extremes. The breakdown into these four categories based on the data
provided by this study is shown in figure 3. It was also noted that in 65% of the cases,
atmospheric hazards existed prior to the confined space entry, and that would-be
rescuers were injured or killed in 76% of attempted rescues (Campbell, 1990;
McManus, 1998).
Confined Space Fatalities by Mechanism of Incident
(US 1970 - 1974)
22%

40%

toxic atmosphere
fire or explosion
engulfment

14%

physical hazards

24%

Figure 3. Percentage of fatality by mechanism of incident (Adapted from NIOSH,
1979)
Six reports were issued by OSHA over the period 1982 – 1990 which examined
fatalities in certain industries or involving particular hazards. Some of these included
fatalities which occurred in confined spaces, although these were not always
identified as a separate factor. Of the six reports, one examined selected incidents
over the period 1974 – 1982 in which toxic or asphyxiating atmospheres (such as
toxic or poisonous gases and low levels of oxygen) resulted in a workplace death. Of
the 122 incidents, there were 173 fatalities, including incidents in which there were
multiple fatalities and incidents in which would-be rescuers were killed. Of the other
reports in this series, up to 36% occurred in workplaces which would normally be
considered to be confined spaces. These OSHA reports are of varying overlapping
timeframes, and some incidents are utilised in more than one report – hence an
aggregate of the figures is not appropriate. Of note, the authors of the OSHA reports
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also identified incomplete reports, data, and lack of specific coding for various
incident factors (MacCarron, 2006; McManus, 1998).
2.5.2 United States
In 1986 NIOSH issue an alert titled ‘Preventing Occupational Fatalities in Confined
Spaces’. This alert investigated 8 confined space incidents in which 16 people were
killed. It concluded that ‘More than 60% of confined space fatalities occur among
would-be rescuers; therefore a well-designed and properly executed rescue plan is a
must.’ (NIOSH, 1986). The alert provided sound advice to prevent confined space
fatalities, however the proportion of deaths attributed to rescuers was produced from
a very small sample size and no selection criteria for the sample were provided.
The Fatal Accident Circumstances and Epidemiology (FACE) program was
commenced by NIOSH in 1982. It contains incident data from sources such as the
National Traumatic Occupational Fatalities (NTOF) database – based on information
from death certificates); and the Census of Fatal Occupational Injuries (CFOI)
database – based on WHS regulator (OSHA) reports. While these and other datasets
such as compensation claim data and medical examiner reports is useful for data
statistical purposes; the FACE program consists of an in-depth examination
(including site visits and interviews) of a selected subset of workplace fatalities
(Higgins, Casini, Bost, Johnson, & Rautiainen, 2001) and the circumstances of each
incident can be examined in detail. FACE investigations of confined space incidents
which occurred from December 1983 to December 1989 were analysed by
Manwaring and Conroy (1990). Of the 55 events which resulted in 88 deaths, water,
wastewater, and sewerage systems were the most common confined space type,
accounting for 58 (66%) of fatalities. This analysis also categorised the fatalities by
cause of death, with 58 (66%) of the fatalities as a result of toxic or asphyxiating
atmospheres, and 18 (21%) were a result of drowning – which is a reflection of the
type of confined space in which the incidents occurred.
Research undertaken through the manual examination of death certificates in the US
state of Virginia over the period 1979 – 1986 identified 41 confined space incidents
resulting in 50 fatalities. A key finding of this research was that hazardous
atmospheres resulting in asphyxiation and poisoning accounted for 31 (62%)
confined space fatalities; and that while a wide range of atmospheric hazards
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including argon, carbon monoxide (CO), Freon (CCl2F2), hydrogen sulphide (H2S),
and methane (CH4) were involved; the study also notes that in 6 of the incidents
involving toxic atmospheres, the hazard was absent at the time of first entry into the
confined space. Rescuers accounted for 3 (6%) of the fatalities, 15 personnel were
injured attempting rescue, and an additional 7 bystanders were injured from these
incidents. The majority of fatalities occurred amongst blue-collar occupations,
frequently conducting inspection, repair, and maintenance work. Of note, 12 of the
fatalities occurred in ship compartments – a reflection of one of the major industries
in Virginia during the time period; and the researchers also acknowledged the
difficulty of identifying confined space fatalities due to the lack of specific coding
for confined space incidents (Sahli & Armstrong, 1992).
An analysis of death certificate data from NTOF between 1980 and 1988 identified
803 deaths in 681 confined space incidents. 499 (62%) of deaths were attributed to
atmospheric hazards, while 223 (28%) of deaths were attributed to engulfment. The
final 81 (10%) died as a result of physical hazards. The fatality data from this study
was again classified into the four categories of mechanisms of incident is shown in
Figure 4, although it should be noted that deaths from fire and explosion are included
in the ‘atmosphere’ category. Most of the casualties were from the manufacturing
industry; followed by the agriculture, forestry and fishing industry group (Suruda et
al., 1994). The same study also analysed NIOSH FACE data which examined 62
confined space incidents in detail over the period 1982 – 1991 which resulted in 97
deaths. Of note, 35 (36%) of the decedents were rescuers (31 of whom were wouldbe rescuers – typically untrained work colleagues), and all rescuers bar one died as a
result of a hazardous atmosphere. Much of the same FACE data was used to produce
a NIOSH report in 1994, which included case data from 109 deaths in 70 incidents
over the ten year period between 1983 and 1993. This report also noted that 39
(36%) of the deaths were rescuers, and that 38 of those died as a result of
atmospheric hazards, with the final attempted rescuer drowning in rising water in a
well. Of the rescuers who died, 4 were professional emergency services personnel
(NIOSH, 1994; Pettit et al., 1996).
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Confined Space Fatalities by Mechanism of Incident
(US 1980 - 1988)
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physical hazards
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Figure 4. Percentage of fatality by mechanism of incident (Adapted from Suruda et
al., 1994)
Data from the US CFOI program was used by Meyer (2003) to identify and examine
458 confined space fatalities over the five year period from 1997 to 2001. The CFOI
is a database produced by the US Government’s Bureau of Labor Statistics (BLS)
rather than by NIOSH. The CFOI database covers all 50 states and the District of
Columbia (and the US territories of Puerto Rico, Virgin Islands, Guam and American
Samoa from 2011). The database is developed from multiple sources including death
certificates and worker’s compensation reports, and codes workplace fatalities
through data elements such as industry group, occupation, and cause of death. The
CFOI database is analogous to the Australian TIF database. Key findings from this
study were that hazardous atmosphere was the causal factor in 101 (22%) deaths,
engulfment in a further 130 (28%) deaths, and 25 (5.5%) of deaths were would-be
rescuers attempting the rescue of others. This study also identified that 54% of
fatalities occurred during repair and maintenance, and cleaning and washing; and that
the greatest risk was to those working in the agriculture, forestry, and fishing
industry group.
The CFOI database was interrogated for atmospheric-related confined space fatalities
for the period between 1992 and 2005 to reveal 530 deaths in 431 incidents; with 39
deaths in 29 incidents occurring in California (Madison & Wilson, 2008). 20%
(n=87) of the incidents US-wide resulted in multiple fatalities of which 47 (9%) were
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rescuers. The most common toxic atmospheres across the series were carbon
monoxide, hydrogen sulphide, and methane. As has been found in other studies,
inspection, repair, cleaning, and maintenance work accounted for almost half (47%)
of fatalities. Further research using this data also identified that reliance on
professional emergency services to respond to a confined space incident may be
insufficient due to response and travel times of such services (Wilson et al., 2012).
2.5.3 Focused Studies
There have been a number of published studies focused on particular industry sectors,
mechanisms of incident, or other criteria which also identify high numbers of
confined space fatalities.
Suruda and Agnew (1989) examined 4756 work-related deaths from the OSHA
database between 1984 and 1986 in which 423 (9%) were found to be as a result of
work-related poisoning or asphyxiation (including as a result of engulfment). 146 of
these occurred in confined spaces; and 17 (12%) of the confined space fatalities were
co-workers or professional emergency services personnel attempting rescue. While
the study found the type of confined space to be varied, most involved the entry into
an unventilated space below ground level.
In a study of work-related deaths of painters in the construction industry, Suruda
(1992) found that of the 129 deaths investigated between 1982 and 1986, six painters
died from toxic atmospheres while working in a confined space; three from
asphyxiation (nitrogen causing oxygen displacement) and three from toxic
contaminants (methylene chloride, chlorine, and nitropropane). One additional
painter fell from a scaffold while painting the interior of a confined space and was
killed.
The US Mine Safety and Health Administration (MSHA) issued an alert in 1988
concerning the dangers of engulfment in confined spaces, principally bins, hoppers,
and stockpiles; noting that there had been 44 fatalities in 38 incidents over the period
1980-1986. A subsequent hazard information alert published in 1994 reported that
the number of fatalities had risen to 57 by the end of 1993 (MSHA, as cited in
McManus, 1998, p. 6). Mines themselves are not normally deemed to be confined
spaces, however confined spaces such as bins, tanks, hoppers and pipes may exist in
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a mine or quarry, and entry into these spaces would be considered to be a confined
space entry.
Fuller and Suruda (2000) searched through the OSHA investigation database to find
80 fatalities from hydrogen sulphide poisoning in 57 incidents over the 11 year
period between 1984 and 1994 in the US. 69 (86%) of the deaths occurred in
confined spaces, and 19 (24%) of the 80 deaths were to workers attempting to rescue
others. A further 36 workers received non-fatal injuries in these attempted rescues.
Of concern, the authors noted that up to 77 (96%) of the 80 deaths may have been
avoided had a portable gas detector been used. As there are exemptions over which
OSHA does not have jurisdiction, such as self-employed persons and farms with less
than eleven employees, the authors consider the figures to be an undercount.
Concerned at the disproportionally high number of workplace fatalities amongst
construction workers, Dorevitch, Forst, Conroy, and Levy (2002) conducted a review
of OSHA data between 1990 and 1999 and found 87 construction workers in the US
died after the inhalation of toxic substances, accounting for 1.3% of all construction
fatalities. Most (n=54, 62%) of these incidents occurred in confined spaces. The toxic
substances associated with the most fatalities were carbon monoxide (19.5%),
hydrogen sulphide (18.4%), and nitrogen (10.3%). Asphyxiation due to oxygen
deficiency was the mechanism in a further 20.7% of cases. Again, these figures were
assumed by the authors to be an undercount due to the dataset (the OSHA
investigation database) used.
Approximately 14 work-related deaths occur in elevator shafts in the US each year,
of whom approximately 70% are persons installing, inspecting, or repairing
elevators; according to research conducted using CFOI data over the period 19922003 by McCann and Zaleski (2006). While the most common cause of death was
falling from height into an elevator shaft (49%, n=84), 36 workers were killed when
trapped in moving machinery (21%), and 26 were struck by moving objects –
elevator cars (15%). Under most jurisdictions elevator shafts would not be
considered to be confined spaces, however under the unique US legislation elevator
shafts would be considered to be non-permit confined spaces (OSHA, 2011c).
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2.5.4 Agricultural Confined Space Fatalities
A workplace-specific study of manure storage facilities over the period 1975 – 2004
identified 77 confined space fatalities in 56 incidents; and in most cases the cause of
death was hazardous atmospheres – often hydrogen sulphide gas (Beaver & Field,
2007). The data was drawn from Purdue University’s Agricultural Entrapment and
Injury Database – a sub-set of the multiple-source database built from NIOSH data,
death certificates, trade journals, media reports, and other sources. 17 (22%) of the
77 fatalities were those attempting the rescue of others. Although a common issue
among all studies, under-reporting was believed to be worse in the agriculture
industry due to exemptions from OSHA legislation for farms with less than eleven
employees (OSHA, 2011b, 2011c).
Purdue University in Indiana, US, maintains a number of databases of specific types
of agricultural industry injuries and fatalities, including a database which includes all
agricultural confined space incidents. Multiple sources such as death certificates,
police reports, and media reports are cross-referenced to capture these incidents and
add to the database – known as the Purdue Agriculture Confined Spaces Incident
Database (PACSID). An interrogation of the database for the period 1964 – 2010
identified 821 confined space fatalities in 1255 incidents (Riedel & Field, 2013).
Unlike most other studies, the incident count includes non-fatal injuries. Engulfment
and entrapment in flowing agricultural materials was found to be the mechanism for
most fatalities, accounting for up to 62% of fatalities. 132 (10.5%) of incidents
involved livestock manure storage or handling facilities which resulted in 110
fatalities, 24 (22%) of whom were attempting to rescue others. The study also
acknowledged the lack of reliable data; however more aggressive data collection
since 2008 has resulted in greater incident identification and incident aetiology
information.
An update was published in 2016, which brought the total number of agricultural
confined space fatalities from 1964 to 2013 up to 1036 in 1654 total incidents; with
fatalities occurring in 62.6% of cases. The majority of cases continued to involve
engulfment or entrapment in free-flowing materials, principally grain, with 62% of
incidents; although falls from height in confined spaces were found to have an
increased proportion of cases (Issa, Cheng, & Field, 2016). Annual updates continue
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to be published by Purdue University via an annual report derived from the PACSID
database each year. In the most recent annual report, 23 (43%) of 54 incidents
resulted in a fatality in 2017, 43% of which involved engulfment in a free-flowing
solid or liquid (Cheng, Nour, & Field, 2018). Due to agricultural exemptions
applying to up to half of agricultural facilities, and the lack of adequate reporting
mechanisms for non-fatal incidents, the researchers believe that the true number of
incidents could be up to 30% higher than those reported.
Cheng, Field, et al. (2018) conducted a search on the PACSID database and found
174 (8.8%) of the 1,968 incidents between 1964 and 2016 involved confined spaces
within grain transport vehicles such as rail wagons and truck-pulled grain trailers.
64.3% (n=112) incidents resulted in at least one fatality, with one incident having
five fatalities. Unfortunately, most fatalities (60.7%) occurred among children
playing in and around the vehicles. This and other studies (Bahlmann et al., 2002;
Cheng, Field, et al., 2018; Freeman, Kelley, Maier, & Field, 1998; Issa, Nour, &
Field, 2018; Issa & Field, 2017; Issa, Field, Schwab, Issa, & Nauman, 2017; Issa,
Schwab, & Field, 2015; Kingman, Deboy, & Field, 2003; Riedel & Field, 2013;
Roberts, Deboy, Field, & Maier, 2011; Roberts, Field, Maier, & Stroshine, 2015;
Russell, 2015) have examined the causative factors and aetiologies of agricultural
confined space engulfment incidents and fatalities and have investigated rescue
practices and procedures, which are examined and discussed in more detail in
Chapter 6 – Confined Space Engulfment in this work.
2.5.5 Other Industrialised Countries and Jurisdictions
A study of confined space fatalities which occurred in the state of Western Australia
between 1980 and 2004 was undertaken in order to identify the aetiologies and
determine a rate of fatal accidents. It found 15 fatalities over the 24 year period, of
which eight (53%) were as a result of electrocution, two (13%) each from hazardous
atmospheres and engulfment, and a single fatality (7%) from oxygen deficiency,
falling from height, and being struck by a falling object (MacCarron, 2006). This
study identified, as had previous studies, the majority of the fatalities occurred
among tradespersons and labourers including electricians, welders, and plumbers. It
should be noted that this study included six deaths which occurred in ceiling spaces,
an area not normally considered to be a confined space under most jurisdictions.
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Burlet-Vienney, Chinniah, Bahloul, and Roberge (2015b) examined the worker’s
compensation database (which covers approximately 85% of workers) for the
Canadian province of Quebec between 1998 and 2011 and identified 32 confined
work-related space incidents in which 40 workers were killed. Key findings of this
research were that hazardous atmospheres accounted for 14 (35%) of the confined
space fatalities, and 26 (65%) fatalities were the result of physical hazards. The data
from this research was also categorised by mechanism of incident and is shown in
figure 5. Six (15%) of the fatalities were would-be rescuers. The authors also found
the identification of non-fatal injuries resultant from confined space incidents was
impossible to numerate. Additional literature produced by the same authors includes
a comparison of legislation and standards, an analysis of the mechanisms of incident,
presentation of a specific risk assessment, and recommendations for risk reduction in
confined space work (Burlet-Vienney et al., 2014; Burlet-Vienney et al., 2015a;
Burlet-Vienney, Chinniah, Bahloul, & Roberge, 2016).
Confined Space Fatalities by Mechanism of Incident
(Quebec 1998 - 2011)
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Figure 5. Percentage of fatality by mechanism of incident (Adapted from BurletVienney et al., 2015b)
An analysis of Italian workplace accident statistics from 2001 to 2015 found 20
confined space incidents resulting in 51 fatalities – a high rate of fatality per accident.
Of these, 38 (75%) were the result of hazardous atmospheres, and 9 (18%) were the
result of physical hazards. One third (33%) occurred in the wastewater industry
(Botti, Duraccio, Gnoni, & Mora, 2015). The authors also noted that there is no
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specific confined space legislation in Italy, and workplaces must instead comply with
the general European Union (EU) directive 89/391/EEC ‘on the introduction of
measures to encourage improvements in the safety and health of workers at work’
which establishes a duty of care but which provides no specific regulations on
confined space work (European Union, 1989). Other jurisdictions within the EU have
passed their own legislation or standards such as Germany’s BGR 117-1:2008
Behälter, Silos und enge Räume (Containers, Silos, and Confined Spaces).
An analysis of confined space fatalities in Jamaica over the period 2005 – 2017 by
the Jamaican Institution of Engineers revealed 11 incidents resulting in 17 deaths,
with a further 6 workers hospitalised as a result of injuries received. 9 (53%) died as
a result of hazardous atmospheres, 5 (29%) from engulfment, and the remainder
(18%, n=3) from physical hazards (Stennett, 2018).
Finally, in Australia there have been a number of confined space fatalities
historically that have occurred within the Australian Defence Force which have not
been captured by the various datasets which make up the TIF database. Although
outside of the study period, they are included here for completeness. In 1985, three
sailors died and 62 were injured on board HMAS Stalwart (D 215) off the coast of
Darwin when hydrogen sulphide gas leaked from the sewerage system into
maintenance compartments into which workers later entered. The subsequent inquiry
found that two of those killed were medics attempting to rescue their shipmates, and
that many others were injured entering contaminated compartments to perform
rescues (Cassells, 2000; Midson, 2011). In an earlier incident on HMAS Tobruk (L
50) in 1981, a Naval Cadet was killed when hydrogen sulphide and carbon monoxide
gases leaked from the sewerage system into the accommodation area (Doolan, 2007;
Midson, 2011). More recently, four sailors died in 1998 from carbon monoxide
inhalation inside a ship’s compartment on HMAS Westralia (O 195) (Royal
Australian Navy, 1998), and four sailors were again injured by gases from leaking
sewerage systems on board HMAS Maitland (P 88) in 2006. Several hundred Royal
Australian Air Force have also suffered chronic illness – with some resulting in death
– from confined space work related to fuel tank servicing on Australia’s F-111 jet
aircraft (Royal Australian Air Force, 2001).
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2.5.6 Confined Space Rescue
While some of the previous studies provide data on the number of persons killed
attempting the rescue of others, describe the hazards of unplanned rescue, and
categorise the cause of death of rescuers (both professional rescuers and would-be
rescuers); few provide recommendations for the safe conduct of a confined space
rescue. The time required for professional emergency services to arrive and perform
a confined space rescue may be inadequate to preserve life in many cases (BurletVienney et al., 2015b; Wilson et al., 2012), and there are also many challenges in
maintaining an internal confined space rescue team. Other researchers have made
recommendations on the training requirements for confined space rescue by
professional emergency services (Smith et al., 2018; Yoshimura, Kako, & Satoh,
2007), but provide few recommendations on developing an in-house or on-site rescue
capability. There are a number of books dedicated to the subject of rescue – and
confined space rescue in particular – which do emphasise the need for safe rescue
procedures and often quote the statistics of the previously published research (CMC
Rescue, 2012; Rekus, 2018; Rhodes, 2003; Roop et al., 1998; Sargent, 2000; Veasey
et al., 2005); however these are also written for professional emergency services.
A summary of the literature, including findings, is listed in chronological order by
publication date in table 2 below.
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Table 2. A summary of significant findings in the literature by publication date
Study jurisdiction and period

Authors

Incidents and fatalities

Significant findings

US (1974 – 1977)
selected data

NIOSH (1979)

193 deaths in 276 incidents

• 40% hazardous atmosphere, 24% fire or explosion, 14% engulfment,
22% physical hazards
• Would-be rescuers killed in 76% of attempted rescues
• Up to 5% of all accidents in the shipbuilding and maintenance industry
were confined space-related.

US (1974 – 1982)
atmospheric hazards only

OSHA, McManus (1998)

173 deaths in 122 incidents

• Estimated 200 confined space deaths per year in the US
• Some incidents with multiple fatalities including would-be rescuers
• Up to 36% of all OSHA investigated deaths occurred in confined spaces
• Incomplete data and lack of specific confined space coding

US (1984 – 1986)
asphyxiation or poisoning

Suruda and Agnew
(1989)

146 deaths

• Up to 9% of all work-related deaths were as a result of asphyxiation
• Of 233 total deaths from asphyxiation and poisoning, 146 occurred in
confined spaces
• Additional 42 deaths from engulfment in various circumstances
• 12% of confined space deaths were would-be rescuers

US (Dec 1983 – Dec 1989)
selected incidents (FACE data)

Manwaring and Conroy
(1990)

88 deaths in 55 incidents

• 66% of deaths in water treatment and sewerage systems
• 66% hazardous atmospheres, 21% drowning
• 39% of confined space deaths were would-be rescuers

Virginia (1979 – 1986)

Sahli and Armstrong
(1992)

50 deaths in 41 incidents

• 62% hazardous atmosphere
• 6% of confined space deaths were would-be rescuers
• 24% of deaths occurred in the shipbuilding and maintenance industry
• Lack of specific confined space coding
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US (1982 – 1986)
painters in construction

Suruda (1992)

7 deaths

• 6 died from asphyxiation and 1 died from a fall in confined spaces

US (1980 – 1988)

Suruda et al. (1994)

803 deaths in 681 incidents

• 62% hazardous atmosphere, 28% engulfment
• 14% of incidents included multiple fatalities
• 24% manufacturing, 16% agriculture, forestry and fishing, 13%
construction, 12% utilities industries
• Lack of specific confined space coding

US (1982 – 1991)
selected incidents (FACE data)

Suruda et al. (1994)

97 deaths in 62 incidents

• 36% of confined space deaths were rescuers
• All rescuers died of a hazardous atmosphere, except 1 fire & explosion
• Lack of specific confined space coding

US (1980 – 1986)
mining only

MSHA, in McManus
(1998)

44 deaths in 38 incidents

• Majority of fatalities from engulfment

US (1983 – 1993)
selected incidents (FACE data)

NIOSH (1994)
Pettit et al. (1996)

109 deaths in 70 incidents

• 80% hazardous atmosphere
• 36% of deaths were rescuers - 4 were professional rescuers
• All rescuers died of a hazardous atmosphere, except 1 drowning

US (1984 – 1994)
hydrogen sulphide only

Fuller and Suruda (2000)

80 fatalities in 57 incidents

• 86% of the deaths occurred in confined spaces
• 24% of confined space deaths were rescuers
•

US (1990 – 1999)
atmospheric hazards in
construction only

Dorevitch et al. (2002)

87 deaths

96% may have been avoided with portable gas detectors

• 62% occurred in a confined space
• 21% oxygen deficiency, 20% carbon monoxide, 18% hydrogen
sulphide, 10% nitrogen
• 23% of deaths in water treatment, sewerage and utilities
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US (1997 – 2001)

Meyer (2003)

458 deaths

• 22% hazardous atmosphere, 28% engulfment
• 5.5% of deaths were would-be rescuers
• 54% of fatalities occurred during repair and maintenance, and cleaning
and washing
• Agriculture, forestry and fishing is the most dangerous industry group

US (1992 – 2003)
elevators

McCann and Zaleski
(2006)

173 deaths

• 49% falls from height, 21% trapped in moving machinery, 15% struck
by moving objects – all physical hazards

Western Australia (1980 – 2004)
included ceiling spaces

MacCarron (2006)

15 deaths

• 20% hazardous atmosphere, 13% engulfment, remainder physical
hazards (53% electrocution, 7% falling from height, 7% struck by a
falling object)
• 33% construction, 33% water treatment, sewerage and utilities, 27%
agriculture, forestry and fishing

US (1975 – 2004)
manure storage facilities

Beaver and Field (2007)

77 deaths in 56 incidents

• 22% of deaths were would-be rescuers
• 34% of fatalities occurred while conducting repair or maintenance
• 55% dairy cattle, 45% swine

US (1992 – 2003)
atmospheric hazards only

Madison and Wilson
(2008)
Wilson et al. (2012)

530 deaths in 431 incidents

• 20% of incidents resulted in multiple deaths
• 10% of incidents involved the death of at least one rescuer
• Most common hazardous atmospheres were carbon monoxide,
hydrogen sulphide, and methane.
• 39 deaths in 29 incidents in California

US (1964 – 2010)
agricultural incidents only

Riedel and Field (2013)

821 deaths in 1255 incidents

• 71% in grain storage facilities (77% engulfment), 11% in manure
storage facilities, 9% in agricultural transport vehicles
• Up to 20% of fatalities were under 16 years old
• Incomplete data and lack of specific confined space coding
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Quebec (1998 – 2011)

Burlet-Vienney et al.
(2015b)

40 deaths in 32 incidents

• 35% hazardous atmospheres, 65% physical hazards
• 15% of confined space deaths were rescuers
• Non-fatal incidents were impossible to determine

Italy (2001 – 2015)

Botti et al. (2015)

51 deaths in 20 incidents

• 75% hazardous atmospheres, 18% physical hazards
• 33% occurred in the wastewater industry

US (1964 – 2013)
agricultural incidents only

Issa et al. (2016)

US (2017)
agricultural incidents only

Cheng, Nour, et al.
(2018)

23 deaths in 54 incidents

US (1964 – 2016)
agricultural grain transport
vehicles only

Cheng, Field, et al.
(2018)

112 deaths in 174 incidents

Jamaica (2005 – 2017)

Stennett (2018)

17 deaths in 11 incidents

1036 deaths in 1654 incidents

• 76% in grain storage facilities
• 62% engulfment
• 43% engulfment
• Estimated that up to 30% of incidents are unreported
• 64% of incidents resulted in at least one fatality
• 61% of fatalities occurred among children
• 53% hazardous atmospheres, 29% engulfment, 18 physical hazards
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CHAPTER SIX –
CONFINED SPACE ENGULFMENT
6.1. INTRODUCTION
While the exact definition of a confined space varies by jurisdiction, confined spaces
are defined by a number of physical criteria and by the hazards they represent.
Commonly, the physical description of a confined space is that it is an enclosed or
partially enclosed space, not designed for occupancy as a workplace, which may or
may not have restricted means for entry and exit (and rescue), and which is typically
at a normal atmospheric pressure. The potential hazards of a confined space include
unsafe level of oxygen, toxic airborne contaminants, flammable airborne
contaminants, and the risk of engulfment by a free-flowing solid or liquid. These are
by no means the only potential hazards in a confined space, with research finding
that physical hazards contribute to up to half of all confined space deaths (BurletVienney et al., 2015a; Issa et al., 2016; Meyer, 2003; NIOSH, 1994; Pettit et al.,
1996; Sahli & Armstrong, 1992), as summarised in Chapter 4 – An Investigation into
the Rate and Mechanism of Incident of Work-Related Confined Space Fatalities
above, however engulfment is the only physical hazard explicit in the definition of a
confined space.
While there are differences between entrapment 13 and engulfment 14 , delineation
between the two is rarely used and the term engulfment is more common. There are a
number of mechanisms which result in injury and death in an engulfment scenario,
including oxygen asphyxiation (where the oxygen level reduces until it reaches a
point which is inadequate for life), asphyxiation through aspiration (where grain or
other materials fill the casualty’s mouth, nose, and lungs), mechanical asphyxiation
(where the pressure of the grain or materials on the chest prevent the breathing
process), cardiac arrest (due to the grain pressure reducing blood flow), and
environmental exposures such as hypothermia (Issa et al., 2017; Moore & Jones,
2017).

13

When a casualty is caught in a liquid or free flowing solid but the head remains clear of the
engulfing material.
14
When a casualty is completely covered by the liquid or free flowing solid and is no longer visible.
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Despite the prevalence of physical hazards as a mechanism of incident in confined
space fatalities, the original criteria for confined spaces only included atmospheric
hazards (McManus, 1998), and many jurisdictions such as the provinces of Canada
still do not include engulfment as a criteria in the definition (Government of Alberta,
2009; Government of Manitoba, 2006; Government of Ontario, 2017; Government of
Sasketchewan, 1996); although the Canadian national regulations include that a
confined space ‘may become hazardous to any person entering it owing to … the
materials or substances in it’ (Government of Canada, 2017, part XI). Some studies
into confined space incidents categorise a fatality as confined space-related only if
the mechanism of incident was related to a hazardous atmosphere (Madison &
Wilson, 2008; McManus, 1998; Wilson et al., 2012); while some jurisdictions such
as Singapore only record an incident as confined space-related under the same
criteria in accordance with the standard (Standards Singapore, 2005) – although the
legislation includes the risk of engulfment (Government of Singapore, 2009a).
There is therefore a mismatch between the definition of a confined space and WHS
regulators or authorities which do not categorise an engulfment fatality as a confined
space incident. This includes jurisdictions which do not specifically include the
hazards of engulfment, and jurisdictions such as South Africa which have regulations
concerning engulfment hazards (‘working in danger of engulfment’) separate from
confined space hazards (Government of South Africa, 1986). This chapter presents
the hazards of engulfment in confined spaces, the risks and magnitude of the problem,
and the means to both prevent and respond to a confined space engulfment incident.

6.2 INCLUSIONS AND EXCLUSIONS
It should be noted that not all engulfment fatalities are confined-space-related.
Entrapment in a trench from collapsing materials – with the most likely causes of
death being asphyxiation through suffocation (insufficient available oxygen to
maintain life) or mechanical asphyxiation (pressure of materials on the chest
preventing the breathing process) (Issa et al., 2017; Suruda, Smith, & Baker, 1988) –
are not normally considered to be confined space-related, and explicitly excluded as
confined space incidents in many jurisdictions. Other instances of collapsing
materials, slides, and cave-ins may occur outside of confined spaces.
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6.2.1 Trenches
Although not normally considered to be confined spaces, trenches may be confined
spaces under certain circumstances. For example, under Australian legislation,
trenches may be confined spaces if they ‘potentially contain concentrations of
airborne contaminants that may cause impairment, loss of consciousness or
asphyxiation’ (Safe Work Australia, 2016, p. 6); and may likewise be a confined
space under US legislation when there is an atmospheric risk only (OSHA, 2016).
While not considered confined spaces, the following analysis of trench fatalities is
included for completeness.
As with many workplace hazards, the danger associated with working in trenches
have been acknowledged for many years. During his period as the Home Secretary,
in which his responsibilities included WHS, Winston Churchill commissioned a
report ‘to inquire into the dangers attending deep excavations in connection with the
construction of docks and other similar works’ (Harrison, 1912, p. 1). Among the
recommendations of this report were that falls into excavations be prevented through
the installation of rails, that adequate means of escape be provided through ladders,
and that the sides of trenches and excavations be ‘timbered’ to prevent collapse (ibid,
pp. vii-x).
In 1985, NIOSH issued an alert titled ‘Preventing Deaths and Injuries From
Excavation Cave-Ins’. This alert examined BLS data over the period 1976 to 1981
and identified that excavation cave-ins resulted in up to 75 fatalities per year – nearly
1% of all US work-related fatalities (NIOSH, 1985), and recommended that shoring
or sloping of the sides be used from a depth of 5 feet (1.5m) or more.
306 trench fatalities between 1974 and 1986 with complete reports were analysed by
Suruda et al. (1988), who found that most incidents occurred in the construction of
sewers, at relatively shallow depths with a mean depth of 11.4 feet (3.5m) and a SD
of 4 feet (1.2m). In almost all cases examined, protective measures such as sloped
sides or shoring were not used.
In 1989, OSHA issued a new standard for excavation and trenching, which
simplified the requirements and added pictorial examples and a graphical summary
of the requirements (OSHA, 1989). An analysis of the impact of the new standard
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and the conduct of an OSHA special emphasis and inspection program was
undertaken through the comparison of fatality data before and after the introduction
of the new standard. This found a 66% decrease in the number of fatalities in trench
and excavation collapse-related incidents (Suruda, Whitaker, Bloswick, Philips, &
Sesek, 2002). While the decrease in fatalities are unlikely to be solely as a result of
the introduction of the new standard, the decrease in trench-related fatalities was
much higher than the 27% decline in total fatalities across the construction industry
during the same period. A supplementary amendment to the OSHA standard in 1984
required walkways crossing excavations greater than 6 feet (1.8m) deep to include
handrails.
Trench fatalities are not confined to the US, with Fishwick (2007) identifying four
fatalities as a result of trench or ditch collapse in the UK between 2002 and 2005;
and Selman, Spickett, Jansz, and Mullins (2017 - Chapter 3 of this work) finding
eight trench fatalities between 2000 and 2012 in Australia, and five trench fatalities
between 2007 and 2012 in NZ (Selman, Spickett, Jansz, & Mullins, 2018 - Chapter 4
of this work).
6.2.2 Other Engulfment Fatalities
Trenches are not the only location where engulfment may occur outside of a confined
space. Workplace fatalities can include the collapse of piled materials or natural
formations (such as landslides), or when materials spill out of a transport or holding
vessel with little or no warning. The author identified a number of instances of
workers engulfed by materials without a confined space nexus while undertaking
research through the NCIS for Chapters 3 and 4 of this work; and such fatalities have
also been reported in the media. Examples include a worker killed when a pile of
sand collapsed at a building site, and a worker who was killed working in a quarry
when a large landslide engulfed him and the excavator he was operating in at the
time.

6.3 THE MAGNITUDE OF THE PROBLEM
Typically, engulfment occurs in confined spaces when a material collapses onto
workers below after being disturbed in some manner; when material is introduced
into a confined space where work is taking place; or when a worker falls into a
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product – either from a place or safety or when a substance being walked upon
unexpectedly gives way under a worker’s feet (Safe Work Australia, 2016). The
most common causes of engulfment in agriculture occur when a worker sinks into a
mass of grain while a silo or other storage facility is being unloaded (normally via an
auger), when a worker is covered by an avalanche of vertical grain (typically crusted
damp or mouldy grain), or when a worker falls into a hidden void (usually bridged
by damp or mould grain) (Kingman, 2005). These scenarios are depicted in figure 6.
It is usually safe to walk on all stationery grain products that do not contain voids.

Sinking while unloading

Vertical avalanche

Hidden void

Figure 6. Common scenarios for engulfment in agricultural materials.
Common materials involved in engulfment incidents include sand and other minerals,
sawdust, woodchips, plastic and other pelletised products. The most common
materials are agricultural products, primarily grain (Issa et al., 2016; NIOSH, 1987b;
Pettit et al., 1996; Riedel & Field, 2013). There were four identified engulfment
fatalities in Australia over the period 2000 to 2012 – with two being from grain in
storage silos, one from hot ash in a boiler, and one from cement clinker in a conveyor
chute (Selman et al., 2017 - Chapter 4 of this work).
Engulfment in agricultural products, and in particular grain, has been a recognised
issue in the US agriculture industry for many years. The hazards of grain engulfment
were raised by Field (1980) after the number of engulfments and entrapments was
noticed to be increasing annually. Contributing to this increase were faster and larger
volume grain handling machinery, larger storage facilities, and extended grain
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seasons. NIOSH issued an alert in 1987 (NIOSH, 1987a) and an update in 1993
(NIOSH, 1993) which warned grain farmers, workers, and their families of the
dangers of grain engulfment; and described the steps to be taken for prevention.
An attempt to numerate the number of confined space grain engulfment fatalities in
commercial or depot facilities – as opposed to on-farm incidents – was made by
Freeman et al. (1998), who identified and examined 71 cases of grain engulfment in
US commercial grain facilities between 1969 and 1995. Unsurprisingly, the majority
of engulfments occurred in states with higher grain production; and while a number
of bulk materials including soybeans, rapeseed (canola), wheat, peanuts, milo
(sorghum) were involved, corn was the engulfing product in 26 (37%) of all cases.
Similarly, the Minnesota Department of Health identified corn as the engulfment
material in six out of nine (67%) fatal grain engulfment incidents over the period
1992 – 1995 (CDC, 1996). A high rate of morbidity was also noted by Freeman et al.,
with death of the entrapped casualty the result in 80% (n=57) of incidents.
Of the study Meyer (2003) conducted into confined space deaths using CFOI data
over the period 1997 to 2001, it was identified that of the 458 confined space-related
fatalities, 130 occurred as a result of engulfment, and 111 occurred in grain storage
facilities such as silos and grain bins. Of concern, it was calculated that the relative
risk of a confined space fatality was nine times higher in the forestry, fishing, and
agricultural industry group – a large industry group but of which crop production is a
major part.
As previously described in Chapter 2 – Literature Review and History, the PACSID
database maintained by Purdue University in Indiana contains consolidated data of
all agricultural confined space incidents derived from multiple sources. An analysis
of this database found engulfment and entrapment in flowing agricultural materials to
account for 683 of the 891 of the incidents which occurred in grain storage and
handling facilities through the period 1964 to 2010 (Riedel & Field, 2013).
Agricultural products included soybeans, wheat, milo (sorghum), barley, rice,
sunflower and peanuts; but again corn was the material involved in the majority of
cases, accounting for over 38% of all engulfment cases.
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The same report also identified 115 incidents which occurred in or around
agricultural transport vehicles of various kinds; and the majority of incidents
occurred when workers were inside the vehicle or performing vehicle unloading.
When the material was included, corn was the agricultural material in 53% of cases.
Unfortunately, 75% of the incidents occurred among children under the age of 16,
many of whom were playing in the vehicle, and which resulted in death in 58% of
cases (ibid).
Updates to this report published in 2016 and 2017 found that 62% of agricultural
confined space incidents still involved engulfment or entrapment in flowing
agricultural materials, with a nearly 50% fatality outcome, and it was again noted
that US states with higher grain production had a greater number of incidents.
(Cheng, Nour, et al., 2018; Issa et al., 2016). While commercial facilities have
mandatory reporting requirements, many grain storage facilities on smaller farms
remain exempt from OSHA safety regulations and reporting, and both updates
estimate up to 30% under-reporting.
A thorough investigation into engulfment and entrapment in agricultural transport
vehicles conducted by Cheng, Field, et al. (2018) through the PACSID database
found the number of incidents totalled 174 over the period 1964 to 2016; 64% of
which resulted in at least one person killed. Corn was the most common product
involved in these cases, involved in 61.6% of cases. This study also identified a
generally increasing trend of incidents over time; and suggested that one of the
factors behind this trend is that smaller farms no longer store grain on the premises
(over the ten year period between 2002 and 2012 farm storage capacity across the US
decreased by just over 24%), but instead transport their agricultural products to
commercial or cooperative facilities as they are harvested.
6.3.1 Prevention
Many of these studies have identified that small farm (farms with less than eleven
employees or employing family members) exemptions from OSHA regulations
(OSHA, 2011a, 2011b) result in under-reporting by up to 1/3 (Cheng, Field, et al.,
2018; Field, 1980; Issa et al., 2016; Riedel & Field, 2013), but also that agriculture in
general has a higher incident rate than many other industry groups (Feyer et al.,
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2001; Lower et al., 2017) with more than half of all incidents under-reported (Leigh,
Du, & McCurdy, 2014). Reasons include:
•

An older workforce which is statistically less likely to have an accident, but
more likely for that accident to be fatal (CAIRS, 2011; Feyer et al., 2001;
Grandjean et al., 2006; Jones, Routley, Trytell, Ibrahim, & Ozanne-Smith,
2012)

•

Long work hours and fatigue (Day et al., 2009; Pawlak & NowakowiczDębek, 2015; Reed, 2004; Walsh, 2000)

•

Undocumented or seasonal workers, often working for low pay (Leigh et al.,
2014; Reed, 2004)

•

Individual reluctance to wear personal protective clothing (Reed, 2004;
Walsh, 2000)

•

Workers unaware of the dangers through lack of hazard-specific training, or
who choose to ignore the risks (Leigh et al., 2014; Meyer, 2003; Pate & Dai,
2014).

Interestingly, training may not be the answer, as some studies have reported little
evidence of the effectiveness of safety training for agricultural workers (McCurdy et
al., 2004; Sprince et al., 2003).
Specific to the problem, agricultural workers may also be unaware of the risks of
engulfment in a confined space, or of the hazards of working in a confined space in
general. Common problems which lead to confined space deaths in general include
both workplace factors such as lack of confined space procedures and inadequate
training; and individual factors such as failure to identify the entry as a confined
space, or entry in violation of workplace procedures. These are described and
discussed in Chapter 5 – Confined Space Rescue: A Proposed Procedure to Reduce
the Risks above. Specific to agricultural confined space hazards, workers may be
unable to identify out-of-condition grain and the subsequent hazards, or may have a
lack of knowledge of engulfment hazards. Poor communication between workers can
be an additional causal factor (Kingman, 2005). Pate and Dai (2014) identified that
workers with a higher level of education had a higher perception of risk; and those
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who had experience with an engulfment incident as a ‘close call’ or who had
personal knowledge of an incident also had a higher perception of risk. Even with a
thorough understanding of the risks, the issue of deliberate violations remains. Of the
71 incidents surveyed by Freeman et al. (1998), it was concluded that ‘nearly all
could have been avoided if appropriate safe work practices procedures had been
followed. In every case for which information concerning the activity at the time of
entrapment was available, employees became entrapped while performing tasks in
direct violation of recommended guidelines’.
6.3.2 Postvention (Emergency Response and Rescue)
The other side of the bowtie 15 for the prevention of confined space engulfment
fatalities is the means to respond to an incident and perform a rescue if required after
an incident has occurred. A general procedure for confined space rescue –
particularly aimed at in-house or on-site rescue teams, was proposed by Selman,
Spickett, Jansz, and Mullins (2019 - Chapter 5 in this work), which also noted that
the employment of specialised equipment and procedures resulted in a greater chance
of success. Rescue of a person entrapped or engulfed in a free-flowing solid requires
such equipment and procedures.
A review of rescue strategies used to extricate casualties entrapped or engulfed in
grain was made by Roberts et al. (2011), who reviewed the previous literature and
examined the narratives of rescue attempts recorded in the PACSID database. Of all
the cases in the database, only 52% (n=131) contained information concerning rescue
attempts. The most common technique used was to cut holes in the side of the
structure to allow the material to flow out and away from the casualty. Of the 118
cases in which this technique was recorded as being used, it was successful in 109
(92%) of cases. There were documented concerns that cutting holes could lead to
structural collapse or could initiate a dust explosion; however there were no recorded
instances of these risks ever being realised. In some cases, the trapped casualties
were fitted with improvised harnesses or ropes to assist in the rescue, or attempts
were made to pull the casualty out of the grain – sometimes with fatal outcomes.

15

A risk analysis model in which control measures to reduce the likelihood of an incident (prevention)
are to the left of the safety incident, and control measures to reduce the consequences of an incident
(postvention) are to the right. The model looks like a bow tie in appearance when represented
graphically.
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It was also noted that grain rescue tubes (also variously known as grain retaining
walls or cylinders) – either improvised or commercial – were used in 37 of the 131
cases. A grain rescue tube acts both as a source of handhold for the casualty and also
acts as a small cofferdam 16 – preventing the backflow of grain in towards the
casualty’s body as the grain immediately surrounding the casualty is removed. The
first reference of a commercial grain rescue tube was made by Carpenter and Bean
(1992) who described a three-piece modular stainless steel and reported on the
successful real-time use of the device manufactured by The Andersons grain
company. A case study describing the successful employment of an improvised grain
rescue tube also noted that a vacuum was used to remove the grain from around the
entrapped casualty’s body, quickly freeing him (Bahlmann et al., 2002).
Kingman, Muller, and Nelson (2007) describe the successful test of a PVC grain
rescue tube modelled on the aforementioned Anderson’s tube. A mock casualty
entrapped in corn was able to be rescued (with the casualty’s assistance) just ten
minutes after the rescue was initiated, and without the benefits of an auger or vacuum
to remove the grain in close proximity to the casualty. Commercial grain rescue
tubes didn’t become widely available in the US until 2006 (Riedel & Field, 2011;
Roberts, Field, Maier, & Stroshine, 2012), and Roberts et al. (2011) noted a gradual
increase in their application – often in combination with portable vacuum units.
Insertion of a grain rescue tube to retrieve a casualty is not easy, and a later study of
the force required to insert the tube noted that factors such as the type of grain, the
grain compaction, and the moisture contact all had an impact on the ease of insertion
(Roberts et al., 2012).
As previously identified, attempting to physically pull a casualty directly out of a
free-flowing solid is difficult, and attempts to do so have resulted in physical injury
or even death to the casualty in the past (Roberts et al., 2011). Unsurprisingly, the
pull forces required to extricate a buried casualty increase with the depth the casualty
is buried (Schwab, Ross, Piercy, & McKenzie, 1985), the point of attachment to the
casualty (Roberts et al., 2015), and the angle of pull for the extraction (Issa & Field,
2017). Interestingly, Roberts et al. (2015) found the pull force required to be higher

16

A cofferdam is a temporary structure usually used in a body of water to create an enclosure from
which the water can be pumped out to create a dry environment for work to be carried out.
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when attempting to pull a casualty from a shoulder attachment point than a waist
attachment point. Most commercially available fall arrest harnesses (the type most
commonly used) have a rear dorsal attachment point that will extend to shoulder
level or above when retrieval is attempted. Only work positioning (also known as
suspension or rope access) harnesses have a waist attachment point, and these are
generally not suitable in full fall arrest applications. Trying to fit a harness to a
casualty buried shoulder deep in grain is not feasible. As noted by Issa et al. (2018),
there are barriers in the use of fall arrest equipment in grain production and storage.
As mentioned, Issa and Field (2017) undertook physical measurements on the forces
required to extricate a casualty at various pull angles. They found the forces required
were not significantly different in a general vertical pull, only increasing
substantially when the pulling angle was 30o or less off the horizontal. Of interest,
the experiments conducted by Schwab et al. (1985) were undertaken with two
different grain types: dry corn and dry wheat. It was expected that the pull forces
would vary between the two due to their different shape and size; however the pull
forces were found to be very similar. Issa and Field (2017) conducted their pull test
experiments with two different grain types – dry corn and dry soy beans – the most
common materials involved. Again it was found that the pull forces were similar
except at 15o off horizontal. While this is of note for rescue, there has been no study
into the likelihood or propensity for entrapment or engulfment with different grain
types – an experimental study worth being conducted.
The procedure for the extraction of a casualty who has been entrapped or engulfed is
described and discussed in Chapter 5 – Confined Space Rescue: A Proposed
Procedure to Reduce the Risks above; and while such a rescue should be conducted
in accordance with that proposed procedure, the hazards of engulfment should be
noted and training and rehearsal in the specific rescue techniques for engulfment
rescue should be undertaken prior. The use of fall arrest equipment to prevent a
casualty from full engulfment and to assist in retrieval or extrication has been found
to have a number of challenges such as acceptance, training, and a lack of suitable
anchor points in structures such as silos and grain bins (Issa et al., 2018); however
the combination of rope or similar to prevent further sinking and an improvised or
commercial grain rescue has proven to be successful.
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So while prevention of entrapment and engulfment is preferred, methods to rescue
engulfed casualties have been developed. When used in combination with incident
prevention strategies, the incident, injury and fatality rate of confined space
engulfment episodes should be reduced. This is especially important for higher risk
industries such as grain production and storage. As noted above, the propensity for
entrapment in various common grain types should be explored.
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CHAPTER SEVEN –
FINAL DISCUSSION, FUTURE DIRECTIONS
AND CONCLUSIONS
This chapter provides a summary of the research. There are common causal factors
which increase the risks of confined space work, which can result in incidents with
the potential for injury or death. These factors are most commonly related to poor
identification of the hazards and control of the risks. The root cause of confined
space incidents has been identified as poor employment of the risk management
process. This chapter includes a review and discussion of those related causal factors
which regularly lead to confined space incidents; future directions in technology; the
potential for future research; and conclusions of the body of research completed.

7.1 DISCUSSION
Common procedural factors leading to confined space incidents were summarised by
Selman et al. (2019 - Chapter 5 of this work) – most of which ultimately result from
an inadequate risk assessment stemming from poor application of the risk
management process. Common procedural factors include lack of identification of
confined spaces, lack of or an inadequate risk assessment, lack of confined space
knowledge and training, lack of safe confined space procedures, lack of atmospheric
testing (and ventilation), lack of isolation (lockout/tagout) procedures, and
inadequate rescue planning. There were also a number of violations identified
including deliberate entry in contravention of confined space procedures and poorlyconceived attempted rescues. These key causal factors – which are also
predominantly human factors – are discussed in detail below.
7.1.1 Knowledge, Training, and Experience
A number of studies have identified that the majority of workplace fatalities occur
amongst workers undertaking non-technical or blue-collar tasks; work which, in
many cases, does not requiring technical education or training (Driscoll et al., 2001).
Young and inexperienced workers are also at a greater risk of injury and death,
especially those in the higher risk industry groups of agriculture, forestry, and
fishing; and transportation, postal, and warehousing (Ehsani, McNeilly, Ibrahim, &
Ozanne-Smith, 2013; Rauscher & Myers, 2016). Confined space fatalities are no
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exception, with many incidents occurring amongst workers undertaking repair,
maintenance, and cleaning tasks (Burlet-Vienney et al., 2015b; Manwaring &
Conroy, 1990; Meyer, 2003; Sahli & Armstrong, 1992); and involving younger
workers as previously identified by Selman et al. (2017 - Chapter 3 in this work),
which attributed these fatalities to lack of experience, inadequate knowledge of the
hazards, insufficient training, and immature personal risk assessment skills.
It has also been noted that developing countries do not have the same maturity in
workplace health and safety regulations and systems – either government legislated
and directed or industry standards – and workers are often unaware of the risks in
their workplace (Liu & Hammitt, 1999). A study of confined space workers in South
Sudan found that 80% of entrants had received no specific confined space training
and that no risk assessment was conducted prior to entry (Abdalwhab & Yassin,
2015). Alarmingly, the same study found that atmospheric testing was not conducted
at all for any confined space entry. The lack of education and training in workplace
safety in developing countries carries through with immigrant workers, and several
studies demonstrate that such workers have higher accident rates in developed
countries than local or native-born workers (Reid et al., 2014; Ronda-Perez, Gosslin,
Martinez, & Reid, 2019). Reasons include lack of baseline workplace health and
safety knowledge, language difficulties, and reluctance to raise concerns with the
potential to be seen as a ‘trouble-maker’ (Guldenmund, Cleal, & Mearns, 2013).
Workers from all three groups (low-skill or blue-collar, young, and migrants) are
therefore less likely to have the knowledge, training and experience to safely conduct
confined space tasks in the workplace. They require specific training and close
observation by their supervisors in the workplace to ensure adherence to established
confined space safety systems to reduce the potential for confined space incidents.
All confined space regulations and standards however, do include a minimum
requirement for training before entry which generally includes the hazards of
confined spaces; the requirement to comply with the Permit to Work (PTW) system;
the selection, fit, and use of PPE; and the actions to be undertaken in the event of an
emergency (Commonwealth of Australia, 2016b; Government of Canada, 2017;
Government of Singapore, 2009a; Government of the United Kingdom, 1997; OSHA,
2011c; Standards Australia, 2009). Singapore also requires that supervisors of
confined space work undertake training specific to their role (Government of
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Singapore, 2009a). In some jurisdictions, such as Australia, the UK, and Singapore,
confined space entry training may only be delivered by government accredited
training providers who follow a government or industry syllabus.
7.1.2 Safe Work Procedures
Confined space entry must take place under a PTW system in all legislation and / or
standards of the various industrialised countries or jurisdictions referenced in this
work (Government of Canada, 2017; Government of Singapore, 2009a; Government
of the United Kingdom, 1997; OSHA, 2011c; Safe Work Australia, 2018). In the
absence of jurisdictional legislation or where the span of work is across multiple
jurisdictions, many multi-national companies such as BP (BP, 2018), Chevron
(Chevron, 2013), and Anglo American (Anglo American, 2008), among others; or
international trade associations such as the International Maritime Organisation
(IMO) and the International Association of Oil and Gas Producers (IOGP) have
instituted safety requirements (often known as life-saving rules) including PTW
systems for confined space work (IMO, 2011; IOGP, 2018). Of note, the US
confined space legislation is unique in that it divides confined spaces into confined
spaces and permit-required confined spaces (PRCS). Regular confined space work is
that which is conducted in a place which has limited or restricted means for entry or
exit and is not designed for continuous employee occupancy; but which does not
contain or has a potential to contain a hazardous atmospheres, a risk of engulfment,
an internal configuration which may lead to entrapment, or any other serious
potential hazard (OSHA, 2011c). Confined spaces with any of those hazards are
permit-required confined spaces.
Typical safe work procedures for confined space entry and work include the
requirement for a risk assessment; the control of atmospheric risks (through testing,
ventilating the space and monitoring the conditions); the control of electrical,
mechanical, radiological, and product ingress hazards (usually through lockout /
tagout systems); the control of environmental risks (excessive heat or cold); and the
control of the risks of engulfment. These safe work procedures cannot entirely
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remove the risk, but should control the risk so far as is reasonably practicable 17 .
Workers must also comply with workplace safe work procedures and not take shortcuts or commit safety violations. In doing so they put themselves (and other workers
and rescuers) at risk. Confined space entry in contravention of safety procedures or a
PTW system can result in an incident leading to injury or fatality and is a constant
theme in confined space incident case studies (ATSB, 2010; CSB, 2006; NIOSH,
2004; Worksafe BC, 2004); and thus having good safe work procedures and
adherence to these procedures is critical.
7.1.3 Atmospheric Testing and Monitoring
As previously mentioned, common requirements of regulations and standards include
the conduct of atmospheric testing18 and/or monitoring19, which will likely reveal the
presence of atmospheric hazards (either an unsafe level of oxygen or toxic airborne
contaminants) or flammable atmospheric hazards (flammable gases, vapours and
dusts). If any of these atmospheric hazards are present, then they need to be
controlled in accordance with the hierarchy of control 20 from elimination of the
hazard through to administration and personal protective equipment.
Testing is conducted before entry, and in all but the most exceptional circumstances,
entry should not take place if the testing indicates the atmosphere of a confined space
is anything other than that specified by the appropriate regulations or standards.
There are a number of exceptions including when the atmosphere is expected to be
non-respirable, such as entry into a nitrogen-filled vessel, and this is only conducted
with appropriate entry and rescue planning and appropriate PPE (breathing apparatus
systems) worn by entrants. The atmosphere may also be unsafe when rescuers enter
to save life, but they also may enter using appropriate control measures (such as

17

Reasonably practicable means what is reasonably able to be done to ensure health and safety,
taking into account and weighing up all relevant matters including what is known about a hazard, the
likelihood of harm resulting from the hazard, the potential level of harm from the hazard, the means to
eliminate or minimise the risk, and the cost associated with eliminating or minimising the risk –
including whether the cost is grossly disproportionate to the risk.
18
Atmospheric testing refers to a one-off or regular non-continuous scientific procedure to determine
the atmospheric contents of the confined space.
19
Atmospheric monitoring refers to the continuous scientific examination of the contents of the
atmosphere of a confined space throughout the occupation of the space.
20
The hierarchy of control refers to the system used to minimise the risks of hazards – in decreasing
effectiveness: elimination, substitution, engineering, isolation, administration and personal protective
equipment.
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supplied air breathing apparatus) to reduce the risks of rescue. Typically, confined
space regulations and standards refer to an oxygen content of not less than 19.5% by
volume, toxic contaminant presence less than specified occupational exposure limits
such as the Time Weighted Average (TWA)21, and flammable concentrations less
than 5% of the Lower Explosive Limit (LEL)22. These atmospheric requirements for
entry are very similar for all jurisdictions, although differences do exist, particularly
exposure limits for toxic airborne contaminants (Schenk, Hansson, Rudén, & Gilek,
2008). The lack of or inadequate testing for oxygen content, the presence of toxic
airborne contaminants, and the presence of flammable airborne contaminants can
have deadly consequences, and accounts for up to half of all confined space fatalities
(Selman et al., 2018 - Chapter 4 of this work).
All regulations and standards require testing using suitable (Government of the
United Kingdom, 2014) calibrated (OSHA, 2011c; Standards Singapore, 2005)
scientific (Standards Australia, 2009) instruments, which usually means the use of an
electronic portable gas detector – or when suitable electronic detectors are not
available or not appropriate – the use of chemically reactive tests such as gas
sampling tubes. Portable electronic gas detectors are available from a wide range of
manufacturers and use a number of technologies to detect the presence of gases and
vapours; such as catalytic bead sensors (used to measure concentrations of
flammable gases – but which also require a certain concentration of oxygen to
operate), infrared sensors (used to measure concentration of flammable hydrocarbon
gases without the need for oxygen), electrochemical (used to measure concentrations
of toxic gases and vapours through chemical reactions), Photo Ionisation Detector
(PID) sensors (used to measure very low concentrations of flammable gases such as
Volatile Organic Compounds – VOCs – which may be toxic before reaching a
flammable concentration), and Flame Ionisation Detector (Keys, Fidanza, Karvonen,
Kimura, & Taylor) sensors (used to measure high flammability organic compounds
such as methane or ethane and continue to work efficiently in situations with high
humidity).

21

The Time Weighted Average (TWA) is an exposure limit defined as an average workplace exposure
to any hazardous contaminant or agent using the baseline of an 8 hour day or 40 hours per week work
schedule. In general working conditions, the TWA should not be exceeded.
22
The Lower Explosive Limit (LEL) refers to the lowest concentration (by percentage) of a gas or
vapour in air that is capable of producing a flash of fire in presence of an ignition source.
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Selecting the correct detector suite is critical for safety, and selection should be
undertaken using a thorough risk assessment taking into account what contaminants
may be or may have previously been inside the confined space, what contaminants
may be inside the confined space as a result of chemical reactions or by-products,
and what contaminants may be generated through the work being carried out – both
directly and as by-products of the work. Multi-gas detectors with four or five sensors
are commonly used for general confined space entries, and are most often fitted with
oxygen, carbon monoxide, and hydrogen sulphide electrochemical sensors; and a
catalytic LEL sensor commonly calibrated for methane. It is important to note that
catalytic LEL sensors should be calibrated to the most likely or most flammable gas
or vapour in the workplace rather than methane, as some flammable gases have
lower LEL. For example, gasoline vapour is more than twice as explosive as methane
gas, and a gas detector calibrated to methane may underestimate the atmospheric
flammability. Furthermore, catalytic sensors are very poor at measuring diesel fuel
vapours, and thus the gas detector suite employed in workplace which contain or are
likely to contain flammable gases and vapours should be selected with rigour (Haag
& Hintch, 2005; Levine & Thornton, 2004).
Five-gas detectors often include a PID sensor for VOCs or other toxic flammable
gases or vapours. Electronic detectors are suitable for a wide range of situations, and
many have interchangeable sensors, permitting users to exchange non-applicable
sensors for others suitable for the workplace (for example removing the carbon
monoxide sensor and replacing it with a chlorine sensor). Electrochemical sensors
are available for approximately 25 of the most common industrial toxic contaminants
including ammonia, sulphur dioxide, phosphine, hydrogen cyanide, nitrogen dioxide,
chlorine, and chlorine dioxide; however this only represents a very small fraction of
the tens of thousands of chemicals in use. A wider number (approximately 300) of
gases and vapours can be tested using gas sampling tubes, but the range is still
limited. While the use of gas sampling tubes is suitable for confined space testing,
the results are not rapid enough for this system to be used for confined space
atmospheric monitoring for safety (Reed, Pisaniello, Benke, & Burton, 2013).
As previously noted by Selman et al. (2019 - Chapter 5 of this work), lack of
confined space training and lack of atmospheric testing were common factors in
confined space fatalities; and training in the correct use of atmospheric testing
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equipment is essential for safe confined space entry and work. Electronic gas
detection equipment is becoming easier to use, with manufacturers improving
accuracy and response times (Piedrahita et al., 2014) and using remote detection and
real-time tracking systems via internet of things (Smith et al.) technologies such as
Wi-Fi, Radio-frequency identification (RFID), and other wireless systems (Achkar,
Haidar, Makhoul, & Osseili, 2013; Botti et al., 2015; Riaz, Arslan, Kiani, & Azhar,
2014). While data logging for later download is an available option on many models
of gas detector, models with real-time monitoring and sharing of atmospheric
conditions to supervisor’s workstations and portable electronic devices is also
gaining acceptance. With the current explosion in wearable technology for health and
fitness monitoring (Heikenfeld et al., 2018; Steinmetz & Jones, 2016), application
development to provide real-time health and safety monitoring of confined space
entrants via smart gas detectors and other wearable technologies also provides the
opportunity for greater supervision and safety (Kiehl, Durkee, Halverson,
Christensen, & Hellstern, 2019; Mardonova & Choi, 2018).
The requirement for safety training and the correct use of atmospheric testing
equipment is not negated however, as the process still requires planning and
knowledge of the basic principles in order for the testing to be effective. Appendix B
to the US OSHA Regulation requires that testing is conducted first for oxygen,
acknowledging that catalytic sensors are oxygen dependent for function (OSHA,
2011c), although most commercial multi-gas detectors conduct all readings
simultaneously. Appendix B of the regulation also requires that testing be conducted
in consideration of vertical stratification of atmospheric contaminants (lighter- and
heavier-than-air gases and vapours), and recommends that calibration be conducted
in accordance with manufacturer’s instructions or a risk assessment; and that
function testing (also known as ‘bump testing’) be conducted daily. Most electronic
detector manufacturers also recommend regular functional testing against a known
sample gas.
While commonly-available electronic portable gas detectors are suitable for detection
of the most common atmospheric hazards (unsafe level of oxygens and toxic or
flammable airborne contaminants including gases and vapours), different instruments
are required to measure other potential hazards such as flammable dusts, harmful
fibres or other products (such as asbestos or silica), and biological contaminants –
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which once again demonstrates the requirement for a thorough risk assessment
before any confined space entry or work is undertaken.
7.1.4 Ventilation and Purging
If atmospheric testing reveals the presence of atmospheric hazards at unacceptable
levels (as specified by the appropriate regulations) such as oxygen below 19.5% by
volume; or toxic contaminants greater than the occupational or permissible exposure
limits such as the TWA or Short Term Exposure Limit (STEL)23, then actions can be
taken to reduce the hazards through ventilation or purging. Like atmospheric testing,
ineffective or inadequate ventilation will not remove the hazard, and may even
introduce a false sense of security among confined space entrants or rescuers.
To prevent the development of, or to clear hazardous atmospheres from confined
spaces, natural airflow or ventilation is often required. In some cases, a safe
atmosphere can be achieved through natural airflow. In more complex cases, forced
ventilation may be required. Portable fans and ducting can be used to evacuate toxic
or flammable atmospheres from confined spaces; however consideration must be
made for the source of the air (and the exhaust location of the evacuated atmosphere),
the complexities (including voids) of the confined space, and ventilation should be
planned in consideration of the weight of the potential contaminants – which may be
lighter or heavier than air. In some cases, typically confined spaces which normally
hold hydrocarbons or other flammable gases or vapours, fresh air ventilation is not
suitable (as an explosive air mixture may be formed) and thus purging with an inert
gas is required. After any ventilation or purging, atmospheric testing should be
undertaken again to test for a safe atmosphere before entry. If contaminants are still
detected, then the ventilation or purging should continue until safe atmospheric
conditions – as specified in legislation and standards – are achieved; and at regular
intervals to ensure the atmospheric conditions remain safe for entry and work.

23

The Short Term Exposure Limit (STEL) is an exposure limit defined as exposure over a short
period of time, usually 15 minutes. Exposure up to the STEL is usually acceptable as long as the
time-weighted average is not exceeded.
110

7.1.4 Confined Space Rescue
In 1986, NIOSH issued an alert which concluded that ‘More than 60% of confined
space fatalities occur among would-be rescuers’ (NIOSH, 1986). The sample size
used to produce this alert was very small and had no stated selection criteria. An
analysis of a number of studies since by Selman et al. (2018 - Chapter 4 of this work)
found that proportion of rescuer fatalities was much lower, and no more than 17% of
all deaths. Few of the rescuer fatalities were ‘professional rescuers’ – members of
professional emergency services or other personnel trained and appointed as rescuers
– and in many cases there was the potential for many more rescuer injuries and
deaths. Unlike confined space entrants – for whom the mechanism of injury was up
to half from physical hazards – rescuers died almost exclusively as a result of
atmospheric hazards, mostly the result of hasty and unplanned rescue attempts.
Unplanned or ad-hoc rescue attempts by untrained rescuers are a high risk endeavour
with low rates of success. A study of many confined space incidents between 1974
and 1982 led McManus (1998) to calculate that rescue was only successful in 15% of
attempts – and that nearly half of the would-be rescuers died in those attempts. It is a
requirement of Australian Standard 2865 Confined Spaces (and similar in many
others in other jurisdictions) that, ‘Appropriate emergency response and first aid
procedures and provisions shall be identified, planned, established and rehearsed.’
(Standards Australia, 2009, p. 12). Relying on professional emergency services (such
as through dialling 000 or 911) to conduct confined space rescue may be insufficient
in a time-sensitive situation, and thus on-site or in-house rescue teams and personnel
– with appropriate training – can react more quickly and can successfully retrieve or
extricate a casualty from a confined space with little risk.
While professional rescue teams and emergency services are likely appropriately
trained and resourced for confined space rescue, workplace rescue personnel are
expectedly less experienced and less resourced and the hierarchy of rescue should be
prioritised to self-rescue and non-entry rescue. In some circumstances, an entry
rescue is required. A simplified rescue procedure, suitable for an on-site or in-house
confined space rescue team, consisting of five steps using the acronym REALE
(Reconnaissance, Eliminate the hazards, Access the casualty, Life-saving First Aid,
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and Extrication) was developed and presented in Chapter 5 – Confined space rescue:
A proposed procedure to reduce the risks.
The decision to conduct an entry rescue should not be taken lightly, as it remains a
dangerous undertaking with an historically low rate of success. Appropriate training,
rehearsal, and rescue practice using such a procedure will greatly reduce the risk to
rescuers should the need for a confined space entry rescue ever arise. In some
circumstances a rescue should not be attempted at all; such as when the incident is
clearly fatal to the original entrant, or when the danger to the rescuers is too high and
the risk of further casualties or fatalities is likely. This is understandably a very
difficult moral decision to make, and is not limited to confined spaces. Attempted
rescues by would-be, under-trained, or under-equipped rescuers can have fatal
consequences for the rescuers in a range of scenarios (Brander et al., 2019; McKie &
Richardson, 2003; Pearn & Franklin, 2012).
7.1.5 Safety Culture
A good workplace safety culture24 is essential to preventing individual accidents and
large-scale (or societal) incidents. However, many incidents are caused by unsafe
worker behaviours because workplace safety culture is poor. While safety culture is
intangible and difficult to measure, personal behaviours which are indicative of the
safety culture in a workplace can be observed (Borys, Else, & Leggett, 2009). It is
human nature to take shortcuts, especially if safety procedures are believed to be too
difficult or time-consuming (Caponecchia & Sheils, 2011; Hopkins, 2005). Confined
space work is no exception, and it was observed by Beaver and Field (2007) that
there was a level of risk acceptance amongst confined space entrants who assessed
the benefits of completing a task to be greater than the potential costs and knowingly
entered a confined space despite the risks. This may be more prevalent in confined
space entry than other work, as the hazards (such as toxic atmospheres) may be
invisible to workers, and this is especially so when an incident occurs as workers find
it difficult not to intervene when a fellow worker’s life is in danger. More research
into the motivations and actions of deliberate safety violations concerning confined
space work is recommended.

24

Safety culture can be defined as the collaborative approach in which people work together to
actively identify potential hazards and risks and control them before any loss occurs.
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7.2 RESEARCH CONCLUSIONS
Although the dangers of confined spaces have been known since Roman times, it has
only been since the structural change in society, from being based on agriculture to
being based on industry, brought about by the mechanisation of the means of
production, that exposure to confined spaces hazards in the workplace became an
occupational concern for many workers. Occupational or workplace fatalities – both
traumatic and chronic (resulting from exposures) – result in the injury and death of
many workers annually, and considerable effort has taken place to reduce these
incidents through the implementation of general workplace and confined space safety
regulations and standards. While the exact definition of a confined space varies by
jurisdiction, a confined space can be commonly defined as an enclosed or partially
enclosed space, which is not intended or designed for occupation for work, and
which has a risk of a hazardous atmosphere; or a risk of engulfment by a freeflowing solid or liquid. Confined spaces include vats, tanks, pits, pipes, ducts, silos,
sewers, pressure vessels, interiors of machines or plant, and some shipboard spaces.
Confined spaces generally do not include ceiling spaces, trenches or mines.
Physical hazards, atmospheric hazards (toxic, oxygen deficient, or flammable), and
the dangers of engulfment result in risks to persons working in or in close proximity
to confined spaces. There are additional risks to rescuers attempting to retrieve or
rescue entrants after an incident, and in some cases, rescuers are killed.
While all WHS authorities or regulatory bodies in industrialised countries have
specific regulations or codes of practice for confined space entry and work, the
capture of data on confined space fatalities, injuries, and incidents is difficult as there
are often no specific coded categories for confined space incidents. The reporting of
workplace deaths is required in all industrialised countries, and a numeration of
confined space fatalities can often be determined through other means such as
coronial records, compensation data, or specific studies, but non-fatal incidents are
generally indeterminate.
The original aim was to identify the number, rate, and aetiologies of work-related
traumatic confined space fatalities in Australia. This body of work makes a number
of conclusions to meet the objectives of this research.
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7.2.1 Rate of Traumatic Confined Space Fatalities
There were 59 work-related confined space deaths in Australia over the period 2000
– 2012; 6 work-related confined space deaths in New Zealand over the period 2007 –
2012; and 18 work-related confined space deaths in Singapore over the period 2004 –
2014. The rate of confined space deaths in similar industrialised countries can be
estimated to lie between 0.05 and 0.08 fatalities per 100,000 workers, with rates of
0.05 per 100,000 workers in Australia, 0.05 in New Zealand, 0.07 in the US, 0.08 in
Singapore, 0.07 in the Canadian province of Quebec, and a claimed rate of 0.05 in
the UK. This is a fraction of the rate of overall workplace deaths.
While the rates of confined space fatalities were found to be similar in the
industrialised countries included in this research, there remain variations between the
countries in industry mix which can have considerable influence on the confined
space fatality rate. Workers in some industry groups – notably construction,
manufacturing, agriculture, transportation, and utility services – are likely to have a
much greater likelihood of exposure to confined space work and thus higher risk.
Comparison between countries or jurisdictions is difficult due to differences in
industry classification. Both Australia and NZ use the ANZSIC system, Singapore
uses the Singapore Standard Industrial Classification (SIC), and the US and Canada
use the North American Industry Classification System (NAICS) (Australian Bureau
of Statistics, 2013; Standards Singapore, 2005; US Census Bureau, 2017), between
all of which there are categorical differences.
Industry groups which are shown to have higher general workplace fatality rates such
as the agriculture, forestry and fishing group; the electricity, gas, water, and waste
water services group; the construction group; and the transportation, postal, and
warehousing group (Safe Work Australia, 2017; Wiatrowski & Janocha, 2014) also
had high comparative rates of confined space fatalities across all jurisdictions. One
exception was Singapore, which is under-represented by employment in agriculture,
forestry and fishing (Government of Singapore, 2017). The manufacturing industry
group has a general workplace fatality rate much lower than the other high risk
industry sectors but has been found to have a high rate of confined space deaths –
most likely due to the exposure to confined space work in particular. While it can be
concluded that the risk of a confined space fatality is higher in those industries
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already regarded as high risk, the risk of a confined space deaths is the
manufacturing industry group is also high, and thus countries with a higher
proportion of the labour force in those industry groups are likely to have a higher rate
of confined space fatalities.
Work-related fatalities remain a significant issue worldwide. While the raw numbers
of traumatic confined space fatalities are a fraction of all workplace deaths, and the
rate is lower than general workplace deaths, any loss of life has financial impacts and
affects family, friends, and workplace colleagues terribly. The identification of the
numbers and rate of traumatic confined space fatalities is of benefit to businesses,
industry associations, and unions, who will be better informed of the potential for a
confined space incident; and to government WHS authorities and regulators, who
may use this information to conduct specific-to-confined-spaces safety information
campaigns, inspections, and audits.
7.2.2 Confined Space Hazards
Across all similar industrialised countries it was found that up to half of all confined
space deaths were due to atmospheric hazards while the remainder were due to
physical hazards, including electrocution, entrapment in machinery, falls from height,
and engulfment. Engulfment – particularly in grain and other agricultural products is
a significant hazard in the agricultural industry.
Up to 17% of the confined space fatalities were found to be those undertaking rescue
(lower than the previously published and often-referenced figure of 60%), which
were found to be overwhelmingly as a result of hazardous atmospheres.
The underlying root cause for most confined space fatalities was found to be
inadequate assessment of the risks to enter or perform work in a confined space and
inadequate application of the risk management process. To reduce confined space
fatalities, recommendations include improved worker training, knowledge, and
supervision; compliance with safe work procedures (including the risk management
system and legislation, codes of practice and standards); and the conduct of thorough
atmospheric testing and monitoring, ventilation, and purging as required. The
organisation must also have safe work procedures for confined space entry and work
and safety leadership to instil a good safety culture around confined space work.
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The benefits of these findings are to inform businesses, industry associations, unions,
government WHS authorities, regulators and legislators of the hazards that may be
present and the risks that may arise from working in and around confined spaces.
Businesses and workplaces (at all levels) may use this information for the conduct of
better hazard awareness and identification, and better conduct of the risk
management process in respect to confined space work. Industry associations, unions,
and WHS authorities and regulators may also use this information to conduct
specific-to-confined-spaces safety information campaigns.
A simplified rescue procedure suitable for in-house or on-site rescue teams was
developed based on the standard procedures used by professional rescuers and
emergency services which was in regards to the hierarchy of rescue (self-rescue, nonentry rescue, and entry rescue – with an increasing level of difficulty and danger);
including specific rescue procedures for confined space engulfment. Businesses and
workplaces can use this proposed procedure to prevent fatalities among entrants and
rescuers occurring from confined space incidents (by implementing the hierarchy of
rescue) and can critically examine the need for an in-house or on-site rescue team
and their training needs.
Finally, future and emerging technologies such as smart multi-gas monitors and other
wearable technologies are being implemented in various industries, and can provide
real-time environmental and worker information to supervisors and managers,
enhancing worker safety and reducing confined space incidents. Businesses and
workplaces can implement these technologies as available.

7.3 FURTHER DIRECTIONS IN RESEARCH
This body of work has identified that the available information on confined space
incidents is incomplete. There are a number of areas of study which could be pursued
to provide greater clarity on confined space incidents including the identification of
incidents which do not result in a fatality; research into the properties of various
grains and other agricultural products which lead to confined space incidents; and
research into the psychosocial factors of confined space incidents – including the
unauthorised entry for rescue.
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7.3.1 Identification of Confined Space Incidents
There are difficulties in identifying both fatal and non-fatal confined space incidents.
Firstly, while there are a number of coding systems used internationally for the
categorisation of accidents and incidents, none have specific coding for confined
space incidents with the exception of the system used in the US – the Occupational
Injury and Illness Classification System (OIICS) (US Bureau of Labor Statistics,
2012) – although with the caveat that under OIICS, confined spaces would typically
only be selected as the secondary source (after the source – which is essentially the
mechanism of injury such as heat, grain engulfment, etc.).
WHS authorities and regulators in Australia use the Type Of Occurrence
Classification System (TOOCS) (ASCC, 2008), as described in Chapter 3 – WorkRelated Traumatic Fatal Injuries Involving Confined Spaces in Australia, 2000-2012,
above; while the NCIS uses the International Classification of External Causes of
Injury (ICECI) system produced by the World Health Organisation (WHO, 2004). In
Europe, the European Statistics on Accidents at Work (ESAW) Methodology is used
to classify workplace incidents (European Union, 2012), while the UK uses the
Reporting of Injuries, Diseases and Dangerous Occurrences Regulations (RIDDOR)
classification system (Government of the United Kingdom, 2013). As noted, none of
these systems have specific coding for confined space incidents although Selman et
al. (2017 - Chapter 3 of this work) made recommendations as to how the Australian
TOOCS coding could be amended to include confined space incidents.
The second difficulty is in the identification of confined space incidents which result
in less-than-fatal injuries or even no injuries (such as near-misses); and incidents
which result in chronic injuries and illnesses which may have fatal consequences
long after the incident. WHS authorities and jurisdictions often have set criteria for
the reporting of workplace injuries and incidents (such as near misses or dangerous
incidents), often defined by the type of injury or incident (usually a set number of
categories), or the resultant time away from work as the result of an injury. Even so,
many incidents, even those which result in injury or which meet the reporting
threshold, go unreported and many studies have identified that up to half of all WHS
incidents are not reported (de Castro, 2003; Lindquist et al., 2014; Probst & Graso,
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2013). There is a substantial research opportunity to attempt to identify an accurate
rate of non-fatal confined space incidents.
7.3.2 Confined Space Agricultural Engulfment Incidents
Confined space-related engulfment fatalities occur when workers are entrapped or
engulfed in free flowing solids or liquids. Within the agricultural industry,
engulfment in agricultural products, particularly grain, has been a recognised issue
for many years. Typically, engulfment incidents occur when workers sink into a
mass of grain while a silo or other storage facility is being unloaded, when workers
are covered by an avalanche of vertical grain, or when workers fall into a hidden
void (Issa et al., 2016; Riedel & Field, 2013), as previously described in Chapter 6 –
Confined Space Engulfment. Incidents also occur in or around agricultural transport
vehicles of various kinds – particularly when workers are inside the vehicle or
performing vehicle unloading (Cheng, Nour, et al., 2018).
While a range of agricultural products have been identified as the agent of
engulfment, food products are the most common. These include grains such as corn,
soybeans, canola, wheat, sorghum, barley, and rice; and other food products such as
sugar, sunflower seeds and peanuts. Testing has been conducted to determine if there
is any difference in the force required to extract a worker trapped in different
materials, with the tests revealing the extraction forces in all but extreme angles were
similar for corn, soy beans, and wheat (Issa & Field, 2017; Roberts et al., 2011;
Roberts et al., 2015). Although it is generally safe (but poor practice) to walk on
stationery grains in storage of all types, there has been no study into the likelihood or
propensity for entrapment or engulfment with different grain or food product types.
This is an area for future experimental research.
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7.3.3 Safety Culture
It has been identified at several points in this research that although workers (and
supervisors) are aware of the potential dangers of confined space work, safe work
procedures are sometimes undertaken poorly or even ignored. This is particular to
confined space rescue attempts, as although all confined space regulations and
standards emphasise the dangers in unplanned or ad-hoc rescue attempts, up to 17%
of all confined space fatalities occurred to those undertaking rescue (Selman et al.,
2018 - Chapter 4 of this work); with many of those attempts undertaken by workers
despite an understanding of the dangers in doing so. This is an area of possible future
qualitative research, in which the motivations to undertake confined space entry and
rescue despite non-compliance with the recognised regulations and standards.
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Appendix 8
THE DEFINITION OF A CONFINED SPACE
The table below is a consolidated list of the definition of a confined space as per the legislation and / or standards of various countries or
jurisdictions referenced in this work.
Table 3. The definition of a confined space by various jurisdiction.
Country / Jurisdiction and
Regulation / Standard
Australia
Code of Practice (Safe Work Australia,
2018)

Definition of Confined Space

Comments

An enclosed or partially enclosed space that:

Applies to all Australian States
and Territories except Victoria
and Western Australia

(a) is not designed or intended primarily to be occupied by a person; and
(b) is, or is designed or intended to be, at normal atmospheric pressure while any person is in
the space; and
(c) is or is likely to be a risk to health and safety from:
(i) an atmosphere that does not have a safe oxygen level; or
(ii) contaminants, including airborne gases, vapours and dusts, that may cause injury from
fire or explosion; or
(iii) harmful concentrations of any airborne contaminants; or
(Hämäläinen et al.) engulfment, but does not include a mine shaft or the workings of a mine.

State of Victoria, Australia
Regulation (Government of Victoria,
2017)

A space in any vat, tank, pit, pipe, duct, flue, oven, chimney, silo, reaction vessel, container,
receptacle, underground sewer or well, or any shaft, trench or tunnel or other similar enclosed
or partially enclosed structure, if the space —
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(a) is, or is intended to be, or is likely to be, entered by any person; and
(b) has a limited or restricted means for entry or exit that makes it physically
difficult for a person to enter or exit the space; and
(c) is, or is intended to be, at normal atmospheric pressure while any person is in the space; and
(d) contains, or is intended to contain, or is likely to contain —
(i) an atmosphere that has a harmful level of any contaminant; or
(ii) an atmosphere that does not have a safe oxygen level; or
(iii) any stored substance, except liquids, that could cause engulfment — but does not
include a shaft, trench or tunnel that is a mine or is part of the workings of mine.
State of Western Australia, Australia
Regulation (Government of Western
Australia, 1996)

An enclosed or partially enclosed space which —
(a) is not intended or designed primarily as a workplace; and
(b) is at atmospheric pressure during occupancy; and
(c) has restricted means for entry and exit, and which either —
(d) has an atmosphere containing or likely to contain potentially harmful levels of contaminant;
or
(e) has or is likely to have an unsafe oxygen level; or
(f) is of a nature or is likely to be of a nature that could contribute to a person in the space being
overwhelmed by an unsafe atmosphere or a contaminant.
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New Zealand
Australian / New Zealand Standard
2865 (Standards Australia, 2009)

An enclosed or partially enclosed space that is not intended or designed primarily for
human occupancy, within which there is a risk of one or more of the following:

An approved Code of Practice
under New Zealand legislation

(a) An oxygen concentration outside the safe oxygen range.
(b) A concentration of airborne contaminant that may cause impairment, loss of
consciousness or asphyxiation.
(c) A concentration of flammable airborne contaminant that may cause injury from
fire or explosion.
(d) Engulfment in a stored free-flowing solid or a rising level of liquid that may
cause suffocation or drowning.
Canada
Regulation (Government of Canada,
2017)

An enclosed or partially enclosed space that
(a) is not designed or intended for human occupancy except for the purpose of performing
work,
(b) has restricted means of access and egress, and

National legislation. Applies to
employees of companies or
sectors that operate across
provincial or international
borders – approximately 6% of
the Canadian workforce.

(c) may become hazardous to any person entering it owing to
(i) its design, construction, location or atmosphere,
(ii) the materials or substances in it, or
(iii) any other conditions relating to it.
Province of Ontario, Canada
Regulation (Government of Ontario,
2017)

An enclosed or partially enclosed space that:
(i) is not primarily designed or intended for human occupancy, except for the purpose of
performing work; and
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(ii) has restricted means of entrance and exit;
A hazardous confined space means a confined space that is or may become hazardous to a
worker entering the confined space due to:
(i) the design, construction or atmosphere of the confined space;
(ii) the materials or substances in the confined space;
(iii) the work activities or processes used in the confined space; or
any other conditions relating to the confined space.
Province of Quebec, Canada
Regulation (Government of Quebec,
2017)

Any area that is completely or partially enclosed, especially a reservoir, a silo, a vat,
a hopper, a chamber, a vault, a tank, a sewer including a ditch and a temporary manure storage
ditch, a pipe, a chimney, an access shaft, a truck or freight car tank, which has the following
inherent conditions:

Known as an ‘enclosed area’ in
Quebec

(1) is not designed for human occupation, nor intended to be, but may occasionally be occupied
for the performance of work;
(2) access to which can only be had by a restricted entrance/exit;
(NFPA 350) can represent a risk for the health and safety of anyone who enters, owing to any
one of the following factors:
(a) its design, construction or location, except for the entrance/exit provided for in
paragraph 2;
(b) its atmosphere or insufficiency of natural or mechanical ventilation;
(c) the materials or substances that it contains;
(d) or other related hazards.
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Province of Nova Scotia, Canada
Regulation (Government of Nova
Scotia, 2013)

An enclosed or partially enclosed space
(a) not designed or intended for regular human occupancy;
(b) with restricted access or exit; and
(c) that is or may become hazardous to a person entering it because of its design, construction,
location, atmosphere or the materials or substances in it or other conditions.
When assessing whether a space is or may become hazardous to a person entering it because of
its atmosphere under clause (1)(c), a person must not take into account the protection afforded
to a person through the use of personal protective equipment or ventilation.

Province of New Brunswick, Canada
Regulation (Government of New
Brunswick, 1991)

An enclosed or partially enclosed space not designed or intended for continuous human
occupancy with restricted access or egress and which is or may become hazardous to a person
entering it because of its design, construction, location, atmosphere or the materials or
substances in it or other conditions, but does not include a development heading in an
underground mine.

Province of Manitoba, Canada
Regulation (Government of Manitoba,
2006)

An enclosed or partially enclosed space that
(a) except for the purpose of performing work, is not primarily designed or intended for human
occupancy; and
(b) has restricted means of access or egress.
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Province of British Columbia,
Canada
Regulation (Government of British
Columbia, 1997)

An area, other than an underground working, that
(a) is enclosed or partially enclosed,
(b) is not designed or intended for continuous human occupancy,
(c) has limited or restricted means for entry or exit that may complicate the provision of first
aid, evacuation, rescue or other emergency response service, and
(d) is large enough and so configured that a worker could enter to perform assigned work.

Province of Prince Edward Island,
Canada
Regulation (Government of Prince
Edward Island, 2013)

An enclosed or partially enclosed space
(a) not designed or intended for human occupancy;
(b) with restricted access or exit; and
(c) that is or may become hazardous to a person entering it because of its design, construction,
location, atmosphere or the materials or substances in it or other conditions,
and includes any bin, tank, tanker, tunnel, silo, sewer, vault, chamber, pipeline, pit, vessel, vat
and flue.

Province of Saskatchewan, Canada
Regulation (Government of
Sasketchewan, 1996)

An enclosed or partially enclosed space that:
(i) is not primarily designed or intended for human occupancy, except for the purpose of
performing work; and
(ii) has restricted means of entrance and exit;
A hazardous confined space means a confined space that is or may become hazardous to a
worker entering the confined space due to:
(i) the design, construction or atmosphere of the confined space;
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(ii) the materials or substances in the confined space;
(iii) the work activities or processes used in the confined space; or
(Hämäläinen et al.) any other conditions relating to the confined space.
Province of Alberta, Canada
Regulation (Government of Alberta,
2009)

A restricted space which may become hazardous to a worker entering it because of
(a) an atmosphere that is or may be injurious by reason of oxygen deficiency or enrichment,
flammability, explosivity or toxicity,
(b) a condition or changing set of circumstances within the space that presents a potential for
injury or illness, or
(c) the potential or inherent characteristics of an activity which can produce adverse
or harmful consequences within the space.
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Province of Newfoundland and
Labrador, Canada
Regulation (Government of
Newfoundland and Labrador, 2012)

An enclosed or partially enclosed space that
(a) is not designed or intended for human occupancy except for the purpose of performing
work;
(b) has restricted means of access and egress; and
(c) may become hazardous to a person entering it as a result of
(i) its design, construction, location or atmosphere,
(ii) the materials or substances in it, or
(iii) any other conditions relating to it.
A worker shall not work in a confined space after January 1, 2013 unless he or she has
completed a confined space entry program prescribed by the commission.

Northwest Territories, Canada
Regulation (Government of Northwest
Territories, 2015)

An enclosed or partially enclosed space, that is not designed or intended for continuous human
occupancy, with a restricted means of entry or exit.
A hazardous confined space means a confined space that endangers or could endanger a worker
entering into or already in the confined space due to:
(i) the design, construction or atmosphere of the space;
(ii) the materials or substances in the space;
(iii) the work activities or processes used in the space; or
(Hämäläinen et al.) any other conditions relating to the space.
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Territory of Nunavut, Canada
Regulation (Government of Nunavut,
2016)

An enclosed or partially enclosed space, that is not designed or intended for continuous human
occupancy, with a restricted means of entry or exit.
A hazardous confined space means a confined space that endangers or could endanger a worker
entering into or already in the confined space due to:
(i) the design, construction or atmosphere of the space,
(ii) the materials or substances in the space,
(iii) the work activities or processes used in the space, or
(iv) any other conditions relating to the space.

Territory of Yukon, Canada
Regulation (Government of Yukon,
2006)

An area, other than an underground mine, that
(a) is enclosed or partially enclosed,
(b) is not designed or intended for human occupancy,
(c) has limited or restricted means for entry or exit that may complicate the provision of first
aid, evacuation, rescue or other emergency response services, and
(d) is large enough and so configured that a worker could enter to perform assigned work

Singapore
Regulation (Government of Singapore,
2009a)

Any chamber, tank, manhole, vat, silo, pit, pipe, flue or other enclosed space, in which —
(a) dangerous gases, vapours or fumes are liable to be present to such an extent as to involve a
risk of fire or explosion, or persons being overcome thereby;
(b) the supply of air is inadequate, or is likely to be reduced to be inadequate, for sustaining life;
or
(c) there is a risk of engulfment by material;
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Singapore
Standard (Standards Singapore, 2005)

Any chamber, tank, vat, pit, pipe, flue including any other similar space, in which:

Not mandatory –
recommendation only.

(a) dangerous airborne substances are liable to be present to such an extent as to involve risk of
fire or explosion occurring; or
(b) dangerous airborne substances are liable to be present to such an extent as to involve risk of
persons being overcome by such substances; or
(c) there is a risk of persons being asphyxiated due to inadequate supply of air.
United Kingdom
Regulation (Government of the United
Kingdom, 1997)

Any place, including any chamber, tank, vat, silo, pit, trench, pipe, sewer, flue, well or other
similar space in which, by virtue of its enclosed nature, there arises a reasonably foreseeable
specified risk.
A specified risk means a risk of —
(a) serious injury to any person at work arising from a fire or explosion;
(b) without prejudice to paragraph (a) —
(i) the loss of consciousness of any person at work arising from an increase in body
temperature;
(ii) the loss of consciousness or asphyxiation of any person at work arising from gas, fume,
vapour or the lack of oxygen;
(c) the drowning of any person at work arising from an increase in the level of liquid; or
(d) the asphyxiation of any person at work arising from a free flowing solid or the inability to
reach a respirable environment due to entrapment by a free flowing solid.
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United States
Regulation (general) – PRCS (OSHA,
2011c)
Regulation (construction industry)
(OSHA, 2016)

A confined space is a space that:
(1) Is large enough and so configured that an employee can bodily enter and perform assigned
work; and
(2) Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage
bins, hoppers, vaults, and pits are spaces that may have limited means of entry.); and
(NFPA 350) Is not designed for continuous employee occupancy.
In addition, a permit required confined space (PRCS) is a confined space that has one or more
of the following characteristics:
(1) Contains or has a potential to contain a hazardous atmosphere;
(2) Contains a material that has the potential for engulfing an entrant;
(NFPA 350) Has an internal configuration such that an entrant could be trapped or asphyxiated
by inwardly converging walls or by a floor which slopes downward and tapers to a smaller
cross-section; or
(4) Contains any other recognized serious safety or health hazard.

United States
NFPA Standard 350 (National Fire
Protection Association – NFPA) –
(NFPA 350, 2019)

A confined space is a space that
(1) is large enough and so configured that a person can bodily enter and perform assigned work,
(2) has limited or restricted means for entry or exit, and

NFPA standards are not
mandatory but are
recommendations only. NFPA
standards are used extensively
by professional emergency
services in North America.

(NFPA 350) is not designed for continuous occupancy.
A permit required confined space (permit-space) is a confined space that has one or more of
the following characteristics:
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(1) contains or has the potential to contain a hazardous atmosphere;
(2) contains a material that has the potential for engulfing an entrant;
(NFPA 350) Has an internal configuration such that an entrant could be trapped or asphyxiated
by inwardly converging walls or by a floor which slopes downward and tapers to a smaller
cross-section; or
(4) contains any other recognized serious safety or health hazard.
South Africa
Regulation (Government of South
Africa, 1986)

An enclosed, restricted, or limited space in which, because of its construction, location or
contents, or any work activity carried on therein, a hazardous substance may accumulate or an
oxygen-deficient atmosphere may occur, and includes any chamber, tunnel, pipe, pit, sewer,
container, valve, pump, sump, or similar construction, equipment, machinery or object in which
a dangerous liquid or dangerous concentration of gas, vapour, dust or fumes may be present.

Republic of Ireland
Regulation (Government of Ireland,
2001)

Any place which, by virtue of its enclosed nature creates conditions which give rise to a
likelihood of accident, harm or injury of such a nature as to require emergency action due to —
(a) the presence or the reasonably foreseeable presence of
(i) flammable or explosive atmospheres,
(ii) harmful gas, fume, or vapour,
(iii) free flowing solid or an increasing level of liquid,
(Hämäläinen et al.) excess of oxygen, or
(v) excessively high temperature.
(b) lack or reasonably foreseeable lack of oxygen.
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Hong Kong, China
Regulation (Government of Hong
Kong, 1999)

Any place in which, by virtue of its enclosed nature, there arises a reasonably foreseeable
specified risk, and without limiting the generality of the foregoing, includes any chamber, tank,
vat, pit, well, sewer, tunnel, pipe, flue, boiler, pressure receiver, hatch, caisson, shaft or silo in
which such risk arises.
A specified risk means a risk of —
(a) serious injury to any person at work arising from a fire or explosion;
(b) the loss of consciousness of any person at work arising from an increase in body
temperature;
(c) the loss of consciousness or asphyxiation of any person at work arising from gas, fume,
vapour or the lack of oxygen;
(d) the drowning of any person at work arising from an increase in the level of liquid; or
(e) the asphyxiation of any person at work arising from a free flowing solid or the inability to
reach a respirable environment due to entrapment by a free flowing solid.

Malaysia
Industry Code of Practice (Government
of Malaysia, 2010)

An enclosed or partially enclosed space that is at atmospheric pressure during occupancy and is
not intended or designed primarily as a place of work, and –
(a) is liable at any time to –
(i) have an atmosphere which contains potentially harmful levels of contaminants;
(ii) have an oxygen deficiency or excess; or
(iii) cause engulfment; and
(b) could have restricted means for entry and exit.
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