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INTRODUCTION
Thomas R. Bender, M.D., M.P H.

This monograph contains summary data and investigative reports of fatal incidents involving workers
who entered confined spaces. These investigations were undertaken as part of the Fatality Assessment
and Control Evaluation (FACE) program conducted by the National Institute for Occupational Safety
and Health (NIOSH). The FACE program was initiated in 1982 and directed from its inception by the
NIOSH Division of Safety Research.

The program which was originally known as the Fatal Accident Circumstances and Epidemiology
program was given its new name in 1992. FACE is a surveillance program for the identification and
investigation of fatal occupational injuries. Currently, the investigations are conducted in four
categories—falls from elevations, contact with electrical energy, entry into confined spaces, and
machine-related incidents. These categories represent frequent causes of nonmotor vehicle-related, fatal
occupational injuries.

The NIOSH Diviston of Safety Research conducts the FACE investigations to gather information on
factors that may have contributed to traumatic occupational fatalities. The circumstances of a particular
fatal injury can initially appear 1o be the result of random, or unpredictable, events. However, each
incident can be determined to be the product of certain factors, which when analyzed may reveal the
causal connection between a chain of events and the fatal outcome.

Derived from the research conducted by William Haddon, Jr. (the Haddon model), this approach reflects
the public health perception that the etiology of injuries is multifactorial and largely preventable.l For
each case, factors associated with the agent (mode of energy exchange), the host (the worker who died)
and the environment are identified during the pre-event, event, and post-event time phases. These
contributory factors are investigated in detail in each FACE incident, and are summarized in each FACE
summary report, along with recommendations for preventing future incidents of a similar nature.

From December 1983, through September 1993, the deaths of 480 workers in 423 incidents were
investigated. Seventy of these investigations involved confined spaces where 109 persons died. In 25
of the confined-space incidents, there were multiple fatalities, including those deaths which involved
persons attempting rescue.

In addition to the individual FACE reports, a3 summary of information on the national incidence of fatal
occupational injury within confined spaces, over the 10-year period, 1980 through 1989, is provided.
This information is taken from the National Traumatic Occupational Fatalities (NTOF) surveillance
system also maintained by our Division. It provides a comprehensive view of the national toll of fatal
injuries from this cause, by industry, reason for entry, and other epidemiologically significant catego-
rizations.

This document is intended to become a resource and case study manual for satety and public health
professionals, safety and health instructors, research personnel, and public safety personnel. It joins
various NIOSH Alerts,2-5 and the NIOSH document Criteria for a Recommended Standard; Workin
in Confined Spaces,5 and related publications,”-11 developed to prevent the deaths of those who must
work in confined spaces.
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OVERVIEW OF CONFINED-SPACE HAZARDS

Ted A. Pettit, M.S., R.E.H.S.
Richard Braddee, B.A.

NIOSH defines a confined space as one which, by design, has limited openings for entry and exit;
unfavorable natural ventilation which could contain or produce dangerous air contaminants, and is not
intended for continuous employee occupancy.® Confined spaces include but are not limited to storage
tanks, compartments of ships, process vessels, pits, silos, vats, wells, sewers, digesters, degreasers,
reaction vessels, boilers, ventilation and exhaust ducts, tunnels, underground utility vaults, and
pipelines.® Confined spaces can be found in many industrial settings, from steel mills to paper mills, from
shipyards to farms, and from public utilities to the construction industry. The hazards associated with
confined spaces can cause serious injury and death to workers. Two major factors lead to fatal injuries
in confined spaces: 1) failure to recognize and control the hazards associated with confined spaces, and
2) inadequate or incorrect emergency response. The emergency response is usually a spontaneous
reaction to an emergency situation, and can lead to multiple fatalities 8

Confined spaces may be classified into two categories: 1) open-topped enclosures with depths which
restrict the natural movement of air (e.g., degreasers, pits, selected types of tanks, and excavations), and
2) enclosures with limited openings for entry and exit (e.g., sewers, tanks, and silos). Figure 1illustrates
examples of common types of confined spaces.

Pipeline

Digester
Manhole

Silo

Holding Tank

13111)

WD

YY1

Figure 1. Types of Confined Spaces



The hazards found in any confined space are determined by the material being stored or used, by the
process taking place inside the space, and by the effects of the external environment. Worker entry into
confined spaces may occur during construction activities or during frequent necessary functions such as
inspection, repair, or maintenance. For purposes of discussion, we will separate hazards in confined
spaces into atmospheric hazards and physical hazards.

ATMOSPHERIC HAZARDS
Oxygen deficiency

Oxygen deficiency occurs from chemical or biological reactions which displace or consume oxygen
from a confined space. The consumption of oxygen takes place during combustion of flammable
substances, as in welding, cutting, or brazing. A more subtle form of consumption of oxygen occurs
during bacterial action, as in the fermentatton process. Oxygen deficiency can result from bacterial
action in excavations and manholes which are near garbage dumps, landfills, or swampy areas.11
Oxygen may also be consumed during slow chemical reactions, as in the formation of rust on the exposed
surface of metal tanks, vats, and ship holds.

Ambient air has an oxygen content of 21%. When the oxygen level drops below 17%, the first sign of
hypoxia is a deterioration of night vision, which is usually not noticeable. Physiologic effects include
increased breathing volume and accelerated heartbeat. Between 14% and 16% physiologic effects are
increased breathing volume, accelerated heartbeat, poor muscular coordination, rapid fatugue, and
intermittent respiration. Between 6% and 10%, the effects are nausea, vomiting, inability to perform,
and unconsciousness. At concentrations less than 6%, there is rapid loss of consciousness, and death in
minutes.

Oxygen displacement: Inert gases and simple asphyxiants

A simple asphyxiating atmosphere contains a gas or gases that are physiologically inert and which do
not produce any ill effects on the body. However, in sufficientquantity, a simple asphyxiant will displace
oxygen and may result in an atmosphere unable to support respiration. The ambient, or normal,
atmosphere is composed of approximately 21% oxygen, 78% nitrogen, and 1% argon with small
amounts of various other gases. For example, if 100% nitrogen—a non-toxic, colorless, odorless gas—
is used to inert (displace oxygen in) a confined space, it will cause immediate collapse and death to the
worker if the confined space is not adequately ventilated before worker entry. Other examples of simple
asphyxiants which have claimed lives in confined spaces include carbon dioxide, argon, and helium.

Flammable atmospheres

A flammable atmosphere generally results from vaporization of flammable liquids, by-products of
chemical reaction, enriched oxygen atmospheres, or concentrations of combustible dusts. Three
components are necessary for an atmosphere to become flammable: fuel and oxygen in the proper
mixture, and a source of ignition. The proper mixture of fuel and oxygen will vary from gas to gas within
afixed range and is referred to as the lower flammability limit (LFL) and upper flammability limit (UFL).



These terms are synonymous with the lower explosive limit (LEL) and upper explosive limit (UEL). For
example, the explosive range for methane is between 5% and 15% in air.12 Concentrations below 5%
methane are below the explosive range, and concentrations above 15% are too rich to support
combustion. If a confined space contains 27% methane and forced ventilation is started, the introduction
of air into the confined space may dilute the methane in air, taking it into the explosive range.

Toxic gases
Toxic gases may be present in confined spaces because:

1. The manufacturing process uses toxic gases. For example, in producing polyvinyl
chloride, hydrogen chloride is used, as well as vinyl chloride monomer.

2. There are biological or chemical processes occurring in the product stored in the
confined space. For example, decomposing organic material in a tank or sump can
liberate hydrogen sulfide.

3. The operation performed in the confined space can liberate a toxic gas. Forexample,
welding can liberate oxides of nitrogen, ozone, and carbon monoxide.

Some toxic gases such as phosgene or carbon monoxide are particularly insidious because of their poor
warning properties. Toxic gases which have been reported to cause death in workers in confined spaces
include carbon monoxide, hydrogen cyanide, hydrogen sulfide, arsine, chlorine, oxides of nitrogen, and
ammonia.?

Toxic gases may be evolved when acids are used for cleaning the interior of a confined space. For
example, hydrochloric acid can react chemically with iron sulfide to produce hydrogen sulfide.
Hydrogen sulfide is heavier than air and will settle out at the bottom of a confined space. Hydrogen
sulfide is extremely toxic and exposure can cause paralysis of the olfactory system (making the victim
unable to smell the gas), loss of reasoning, respiratory failure, unconsciousness, and death 613

Solvents

Hydrocarbon solvents are frequently used in industry as degreasing agents. These agents can cause
unconsciousness by depressing the central nervous system.14 Some chlorinated hydrocarbon solvents,
such as chloroform, have been used as anesthetic agents. In addition, certain chlorinated or fluorinated
hydrocarbon solvents are toxic to the heart!> and have been associated with sudden death in confined
spaces. The solvent methylene chloride can be toxic in confined spaces both because of its solvent
properties and also because it is metabolized in the body to carbon monoxide 16



The National Institute for Occupational Safety and Health (NIOSH) developed a classification scheme
for atmospheric hazards in confined spaces which is based on the oxygen content of the air, the
flammability characteristics of gases or vapors, and the concentration of toxic substances that may be
present in a confined space (Table 1).

Listing a particular confined space as class A, B, or C is determined by the most hazardous condition
present. The usefulness of this classification ts that it provides a framework upon which recommenda-
tions for work practices and rescue procedures can be made. A detailed listing of safe work practices
and procedures for confined-space work is given in the NIOSH criteria document.6

Table 1. Confined-Space Classification®

CHARACTERISTICS

CLASS A CLASS B CLASSC
Immediately dangerous to | Dangerous, but not immediately Potential hazard
life life threatening

OXYGEN

CLASS A CLASS B CLASSC
16% or less *(122 mm 16.1% to 19.4% * (122-147 mm 19.5%-21.4% * (148-163
Hg) or greater than 25% Hg), or 21.5% to 25% (163-190 mm Hg)
(190 mm Hg) mm Hg)

FLAMMABILITY CHARACTERISTICS

CLASS A CLASS B CLASS C
20% or greater of lower 10-19% LFL 10% LFL or less
flammable limit (LFL)
TOXICITY
CLASS A CLASS B CLASS C
IDLH** Greater than contamination level, Less than contamination
referenced in 29 CFR Part 1910, level referenced in 29
Subpart Z (IDLH**) CFR Part 1910 Subpart Z

* Based upon a total atmospheric pressure of 760 mm Hg (sea level)
** Immediately Dangerous to Life or Health



PHYSICAL HAZARDS

In addition to the atmospheric hazards in a confined space, physical hazards must also be addressed.
Physical hazards cover the entire spectrum of hazardous energy and its control. These hazards include
those associated with mechanical, electrical, and hydraulic energy; engulfment; communication prob-
lems; noise; and size of openings into the confined space.

Engulfment

Engulfment in loose materials is one of the leading causes of death from physical hazards in confined
spaces. Engulfment and suffocation are hazards associated with storage bins, silos, and hoppers where
grain, sand, gravel, or other loose material are stored, handled, or transferred. The behavior of such
material is unpredictable, and entrapment and burial can occur in a matter of seconds. In some cases,
material being drawn from the bottom of storage bins can cause the surface to act like quicksand. When
a storage bin is emptied from the bottom, the flow of material forms a funnel-shaped path over the outlet.
The rate of material flow increases toward the center of the funnel. During a typical unloading operation,
the flow rate can become so great that once a worker is drawn into the flow path, escape is virtually
impossible.

Loewer and Loewer reported that a typical flow rate for a bin unloading auger is 1000 bushels per hour.
This is equivalent to 1350 cubic feet per hour or approximately 21 cubic feet per minute. A person 6 feet
tali displaces about 7.5 cubic feet, assuming an average body diameter of 15 inches. From the time the
auger starts, there would be perhaps 2 to 3 seconds to react. In 4 to 5 seconds a person could be trapped
up to his knees, and in 22 seconds, completely covered in grain.17

A condition known as bridging can create additional hazardous situations. Bridging occurs when grain
or other loose material clings to the sides of a container or vessel that is being emptied from below,
allowing a hollow space to be created. The bridge of material over the space may collapse without
warning, entrapping workers who are standing below or on top of the bridge and who are unaware that
the surface is unstable. Bridging can occurin storage bins, silos, and hoppers that contain ground grains,
soybean meal, or other meals, or other loose materials such as cement, limestone, coal, or sawdust. The
diameter of the storage vessel and moisture content of the stored materials are factors that contribute to
bridging.

Other physical hazards

The nature of confined-space work may make it difficult to separate the worker from hazardous forms
of energy such as powered machinery, electrical energy, and hydraulic or pneumatic lines.

Examples of physical hazards often encountered in a confined space include the following:

1. Activation of electrical or mechanical equipment can cause injury to workers in a
confined space. Therefore, it is essential to de-energize and lock-out all electrical
circuits and physically disconnect mechanical equipment prior to any work in
confined spaces.



2. Release of material through lines which are an integral part of the confined space pose
a hife-threatening hazard. All lines should be physically disconnected, blanked off,
or should use a double block and bleed system.

3. Falling objects can pose a hazard in confined spaces, particularly in spaces which
have topside openings for entry, through which tools and other objects may fall and
strike a worker.

4. Exwremely hot or cold temperatures can make work inside a confined space hazard-
ous. If a confined space has been steam cleaned, for example, it should be allowed
to cool before any entry is made.

5. Wetorsslick surfaces can cause falls in confined spaces. In addition, wet surfaces can
provide a grounding path and increase the hazard of electrocution in areas where
electrical equipment, circuits, and tools are used.

6. Noise within confined spaces can be amplified because of the design and acoustic
properties of the space. Excessive noise is not only harmful to the worker’s hearing,
but can also affect communication and caus¢ shouted warnings to go unheard.

CONCLUSIONS

Confined spaces can be hazardous, and they can be hazardous in varied ways. Oftentimes the confined
space will not appear to be hazardous; it may have been entered on prior occasions without incident, and
may give no apparent sign of danger. Atother times there may be ready indications of danger: the distinct
odor of irritating or toxic atmospheres, the presence of arcing electrical equipment, continued mild
shocks, or flowing grain or sand. By their nature, confined spaces concentrate hazards: atmospheric
hazards, in that certain gases will displace breathable air, or that the confined space will allow the
accumulation of toxic hazards or flammable or explosive atmospheres; and physical hazards, in that
confined spaces limit the ability to avoid contact with electricity, moving mechanical components or
machinery, or unstable substances. Recognition of the inherent capacity of these spaces to harbor
hazardous agents is a significant element in any workplace hazard assessment. When confined spaces
are recognized to be hazardous, provisions for minimizing the need for entry and for use of appropriate
work practices and equipment can be made.

10



EPIDEMIOLOGY OF CONFINED-SPACE-RELATED FATALITIES

Anthony J. Suruda, M.D., M.P.H.
Dawn N. Castillo, M.P.H.
James C. Helmkamp, Ph.D.
Ted A. Pettit, M.S,, R EH.S.

The danger of work in confined spaces has been written about since Roman times, when the Emperor
Trajan was noted to have sentenced criminals to clean sewers, an occupation considered one of the
worst.13 Agricola recorded that stagnant air in mines produced difficulty breathing, and that fires in
mines soon brought death to those who worked there 19 Alice Hamilton wrote that decomposing organic
matter in vats, tanks, and manholes emitted hydrogen sulfide and cited several examples of how this had
caused death from asphyxiation.2® Asphyxiation at work in specific industries such as steel-making was
studied early in this century as part of the Pittsburgh Survey.21

The NIOSH criteria document on confined spaces presented an analysis of 276 confined-space incidents,
with 193 fatalities.® Atmospheric hazards accounted for 78 (40%) of the deaths. This report included
a discussion of fatalities due to falls, explosions, fires, and contact with electrical energy which occurred
in confined spaces.

A review of confined-space deaths investigated by NIOSH from 1983-1989 as partof the FACE program
analyzed 88 deaths in 55 incidents.1? Only 27% of the employers involved had any written confined-
space-entry procedure. Only three of the 88 victims had received any training in confined-space entry.

In a study of asphyxiation and poisoning which was based on OSHA investigations conducted in 1984
through 1986, 188 deaths in confined spaces were identified: 42 were from mechanical hazards such as
engulfment in loose materials, and 146 were from oxygen-deficient air or poisoning by gases or
chemicals in confined spaces.? The 188 deaths made up 4% of fatalities investigated by OSHA during
the 3 years. Not included in the confined-space category were 190 deaths from trench cave-ins which
OSHA investigated. This study did notinclude electrocutions, or deaths from explosions which occurred
inconfined spaces. In 1989 OSHA proposed to establish safety requirements, including a permit system,
for entry into confined spaces. OSHA stated that asphyxiation was the main hazard in confined spaces,
and that atmospheric hazards were the leading cause of death. The California Department of Labor
Staustics and Research reported that in 1981 through 1982, 21 of 1011 (2%) work-related deaths were
confined-space-related.22 For the period 1967 through 1977, OSHA researchers estimated that 5% of
injuries in the shipbuilding industry involved confined spaces.23 For 1979 through 1981, OSHA
estimated that 174 fatalities per year occurred in confined spaces.?

Epidemiologic studies attempting to assess deaths in confined spaces have been hampered by the lack
of data sources which specifically identify this type of fatality. A review of confined-space-related
fatalities investigated by the NIOSH FACE program found that when the NIOSH investigation report
was matched to death certificate information, none of the death certificates specifically stated that the
incident had occurred in a “confined space.”
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There are epidemiologic data pertinent to deaths in confined spaces which focus on specific hazards or
substances rather than on the confined-space environment. In the oil and gas industry, hydrogen sulfide
(H;S)is a particular hazard for workers in areas such as Texas, Oklahoma, and the Rocky Mountain states
where crude oil is “sour” and contains considerable H,S. A review of several sources of data on work-
related injury in Alberta, Canada, reported 221 cases of poisoning by H,S from 1969 through 1973, of
which 14 (6%) were fatal injuries.24 Most of the injuries occurred in enclosed spaces and were among
o1l and gas workers.

A study of workers overcome by solvents reported that fatal injuries occurred more frequently among
young workers.25 Deaths from solvents in confined spaces that were investigated by OSHA also
occurred more often among younger workers than other types of confined-space events.

METHODS

NIOSH has assembled the National Traumatic Occupational Fatalities (NTOF) surveillance system
consisting of all U.S. death certificates for 1980-1989 in which the “Injury at Work?” box on the death
certificate was marked “Yes,” the external cause of death was an injury or poisoning, and the victim was
16 years of age or older26 Causes of external injury are coded according to the International
Classification of Disease, 9th revision.27 Confined-space deaths cannot be identified from coded data.
One of the advantages of NTOF over other sources of mortality data, however, is that, in addition to
containing coded data on the causes of death, each record in the database also contains the written
description from the death certificate of the causes of death and the comments made by the certifying
coroner, medical examiner, or physician. This allows researchers to make computerized searches for
certain words or phrases on death certificates. Because of this feature, the NTOF database can be used
as a surveillance tool for counting deaths in silos, bins, vats, sewers, and other work locations likely to
have been confined spaces.

Confined-space-related deaths were ascertained from NTOF using a two-step process. All deaths from
certain external injury causes were first selected, and then each of these was individually reviewed to
ascertain whether the fatality occurred in a confined space. All deaths in which the external cause of
injury was asphyxiation (E911-913), poisoning (E850-858 or E860-869), and drowning (E910) were
first selected for review. Each of these was then examined for mention of a confined space such as a vat,
pit, bin, tank or silo. In addition, deaths caused by poisoning from gases such as methane, hydrogen
sulfide, and sewer gas, and deaths resulting from engulfment in grain, were included if the location of
injury was unspecified. Deaths from carbon monoxide (CQO) poisoning were included only if the death
certificate indicated that it occurred in a confined space. Deaths from CO poisoning in automobiles,
garages, or repair shops were not considered confined-space-related deaths. Deaths from mine roof falls
and mine cave-ins were also excluded. Deaths in confined spaces from clectrical energy, explosions,
machinery and other physical hazards, except for engulfment in loose materials, were not included
because few death certificates for these types of fatalities included a description of the location of death
sufficient to determine if it occurred in a confined space.

Deaths from trench cave-ins differ somewhat from other types of mechanical asphyxiation. According
to OSHA, a trench or excavation which was 5 or more feet deep would be considered a confined space.
Some reports have included trench cave-ins when counting confined-space fatalities, 2?2 while others
have not. Deaths from trench cave-ins have some features in common with deaths caused by engulfment
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in loose materials such as grain or sand. Deaths from trench cave-in were not included in the case
definition of a confined-space death for this technical report. However, they were tabulated separately
to allow comparison with other studies.

Deaths from trench cave-ins were first selected by reviewing all deaths from asphyxiation (E911-E913)
as described above for mention of a trench cave-in. In addition, a key word search for “trench,” “cave-
in,” “excavation,” and “ditch” was done for all other causes of death in the NTOF database, and these
records were then reviewed for mention of a trench cave-in.

Confined-space deaths per 100,000 workers were calculated using employment data from the Bureau of
the Census’ County Business Patterns (CBP).28 CBP is a census of workers based on payroll records.
Because CBP data do not include employment data for government and agricultural workers, CBP data
were supplemented with data on government employees from the Current Population Survey2? and
agricultural workers from the Census of Agriculture.3?

Because the amount of detail provided on death certificates is variable, the number of confined-space
and trench cave-in deaths identified in NTOF must be considered as a minimum number of deaths
occurring under these circumstances. There were undoubtedly additional deaths which could not be
identified because of a lack of detai! on the death certificate. A detailed description of the methods and
limitations of the NTOF surveillance system has been reported previously.26

RESULTS
NTOF Data
There were 585 separate fatal incidents in confined spaces for the 10-year period, claiming 670 victims.

Seventy-two (12%) of the fatal incidents involved multiple vicims. The distribution of multiple fatality
incidents by the number of victims is shown in Figure 2.
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Figure 2. Number of Victims in Multiple Fatality Confined-Space Incidents Identified by NTOF,
1980-1989 (N=72)
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Figure 3 depicts the frequency of confined-space deaths by year. There was an average of 67 deaths per
year, with an average rate of 0.08 per 100,000 workers per year.

Victims ranged in age from 16 to 86 years. The average age (3 standard error) was 35 19 years. Six
hundred sixty victims were male and 10 were female. The race/ethnicity of the victims is shown in
Figure 4.

The number of fatalitics was highestin manufacturing (152), followed by agriculture (1238), construction
(90), transportation/communication/public utilities (77), and mining/oil/gas (63). Fatality rates are
shown in Figure 5. Rates were highest in mining, oil, and gas with 0.69 deaths per 100,000 workers per
year.
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Figure 3. Deaths in Confined Spaces Identified by NTOF by Year, 1980 -1989 (N=670)
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Figure 4. Race/Ethnicity Noted on Death Certificates for Deaths in Confined Spaces
Identified by NTOF, 1980-1989 {(N=670)
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Figure 5. Rates of Confined-Space Deaths Identified by NTOF by Industry, 1980 -1989 (IN=670)
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The distribution of confined-space-related fatalities according to the external cause of death (E-Code)
1s shown in Table 2. Asphyxiations accounted for 305 deaths (45%), poisonings accounted for 274
deaths (41%), and drownings accounted for 91 deaths (14%). Within specific groupings of E-Codes, the
proportion of deaths which could be determined to have occurred in confined spaces varied. For
poisoning, NTOF reported 1018 deaths in 1980 through 1989, of which 274 (27%) were in confined
spaces. For asphyxiations, NTOF reported 1218 fatalities, with 305 (25%) in confined spaces. Only 91
(10%) of 947 drownings were in confined spaces.

The circumstances of fatal injury in confined spaces are shown in Figure 6. Atmospheric conditions,
such as presence of toxins, or lack of oxygen, contributed to over half of the confined-space-related
deaths. Engulfments in loose materials were the causes of death in about one-third of the cases. The
remaining 10% of the deaths were drownings and engulfments in other materials (i.e., sludge and
manure), in which it was not possible to determine from the death certificate if atmospheric conditions
contributed to the death.

Atmospheric conditions noted on the death certificate are shown in Figure 7. Hydrogen sulfide claimed
51 victims; methane, 38; inert gases, 32; and carbon monoxide, 25. Sewer gases were reported to be the
cause of death for 25 victims. There were 62 deaths in which the death certificate stated that the victim
was in an oxygen-deficient area, but did not specify that any particular toxin or gas was also present. For
another 78 victims, the death certificate did not provide enough information to determine the type of
atmospheric condition which contributed to the death.

Table 2. E-Codes Assigned to Death Certificate Diagnoses for Deaths in Confined Spaces
Identified by NTOF, 1980-1989 (N=670)

GROUP NUMBER (% of TOTAL)
Poisoning (E850-858, E860-869) 274 (41%)
Drowning (E910) 91 (14%)
Asphyxiation (E911-913) 305 (45%)
(E911, 912-Obstruction of Respiratory Tract) 31
(E913-Mechanical Suffocation) 274
TOTAL 670 (100%)
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Figure 6. Circumstances Noted on Death Certificates for Deaths in Confined Spaces
Identified by NTOF, 1980-1989 (N=670}
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Figure 7. Atmospheric Conditions Noted on Death Certificates for Deaths in Confined Spaces
Identified by NTOF, 1980 -1989 (N=373)
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Tanks were the most common location of confined-space-related deaths from atmospheric conditions,
accounting for 109 of the deaths. Sewers were the location in 61 of the deaths, pits in 32 deaths (16 in
manure pits), and silos in 27 deaths. For 71 of the victims, the confined space was not reported on the
death certificate but the deaths were assumed to have occurred in a confined space because of the type
of gas (i.e., methane or hydrogen sulfide). Confined spaces reported in the remaining 75 deaths were
diverse and included vats, wells, bins, pipes, and kilns.

Of the 373 confined-space-related deaths resulting trom atmospheric conditions, 85 of the victims
worked in the manufacturing sector, 59 in construction, 57 in the transportation/communications/public
utiliies sector, and 48 in agriculture/forestry/fishing. Industry was not listed on 35 of the death
certificates.

As noted, mechanical asphyxiation by engulfment in loose materials claimed 227 lives (Figure 8).
Entrapment in grain caused 124 deaths, and agricultural products other than grain, such as silage or
fertilizer, caused 26 deaths. There were 25 deaths from engulfment in sand, and 22 deaths from
engulfmentin other building materials such as gravel, cement, and clay. Engulfmentin sawdust claimed
11 lives. For 8 victims, the type of material was not denoted on the death certificate, but was assumed
10 be a loose matenial because of the location (i.e., silo or hopper).

Silos, bins, hoppers, and grain elevators were the locations of most fatal engulfments, accounting for 158
deaths. There were 13 deaths in pits and 17 in other locations. For 37 of the engulfment fatalities, the
death was assumed to have occurred in a confined space even though location was not spectfied.

Unknown (8)
Other Materials (11)

Sawdust (11)

Gravel, Cement,
Ciay (22)

Grain (124)
Sand (25)

Other Agricultural
Products (26)

Figure 8. Loose Materials Involved in Mechanical Asphyxiations
in Confined Spaces Identified by NTOF, 1980 -1989 (N=227)
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Nearly one-third (74) of the confined-space-related deaths from engulfment in loose materials were in
the agriculture/forestry/fishing sector. Fifty-seven of the victims worked in the manufacturing sector,
24 in wholesale trade, and 24 in construction. There were less than 15 deaths in the remaining industry
sectors. Industry could not be determined for 19 of the deaths resulting from engulfment in loose
materials.

Trench Cave-ins

For the years 1980 through 1989, there were 606 fatal injuries due to trench cave-ins identified in NTOF,
resulting in an average of 61 per year (Figure 9). The 606 deaths occurred in 572 incidents. The
construction industry accounted for 468 deaths (77%); no other industry had more than 28 deaths (5%)
during the 10-year period. Using U.S. employment data for the construction industry as the denominator,
the average fatality rate for the construction industry was 1.05 per 100,000 workers per year.

The average victim age was 35 years, with arange of 16 to 72 years. Only one victim was female. Whites
were the largest racial/ethnic group, with 454 deaths (75%), followed by blacks with 77 deaths (13%),
Hispanics with 64 deaths (11%), and other/funknown with 11 deaths (1%).
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Figure 9. Trench Cave-in Deaths Identified by NTOF by Year, 1980-1989 (N=606)

19



FACE Investigations

During the period from December 1983 through September 1993, NIOSH conducted 70 onsite FACE
field investigations of fatal work-related incidents in confined spaces. There were 109 deaths in the 70
incidents. Three industries accounted for over 62% of the incidents—construction (18, 26%), public
administration (13, 19%) and manufactuning (12,17%). Description of these investigations by industry
group, hazard type, and other factors is provided below. Case reports for each incident are provided in
Part H of this report.

Incident-specific Information

Nearly two-thirds (72) of the confined-space-related fatalities occurred in the months of May through
August and one-quarter (26) occurred in July. Forty-five of the incidents (64%) involved only 1 victim
and 13 of these were in the construction industry. An additional 24% of the incidents involved at least
two victims. The overall victim-to-incident ratio was 1.56:1, with the manufacturing and public
administration industrics experiencing the highest ratios; 1.75:1 and 1.69:1, respectively (Table 3).

Eighty percent of the confined-space incidents had hazardous atmospheres (43% were oxygen-deficient,
29% were toxic, and 7% were flammable). The remaining 21% had some type of physical hazard present
at the time of the incident (Table 4). Fifty-six percent of the construction industry incidents and 46%
of the public administration industry incidents involved oxygen-deficient atmospheres.

Forty-seven (67%) of the employers involved in confined-space incidents provided safety training to
their workers. In only 28 (40%) of the 70 incidents did the employer have written safety procedures.
None of the employers used a permit system for confined-space entry and warning signs were rarely used.
A standby person was used in 26 (37%) of the 70 incidents. Industry differences on safety issues are
provided in Table 5.

Table 3. Fauwal Confined-Space Incidents Investigated by FACE, by
Industry and Number of Victims per Incident, 1983-1993 (N=70)

Number of Victims

Industry Ome Two Three Four Five Total
Agriculture/Forestry/Fishing 8 3 0 0 1 12
Construction 13 4 1 0 0 18
Manufacturing B 1 2 0 1 12
Transportation/Utilities 6 3 0 0 0 9
Trade 0 1 0 0 0 1
Services 3 1 1 0 0 5
Public Administration 7 4 1 1 0 13
Total 45 17 5 1 2 70
(% of Total) 643 243 71 14 29 100.0
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Table 4. Fatal Confined-Space Incidents Investigated by FACE,
by Industry and Type of Hazard, 1983-1993 (N=70)

Hazardous Atmospheres
Oxygen Physical

Industry Deficient Toxic Flammable | Hazards Total
Agriculture/Forestry/Fishing 5 2 0 5 12
Construction 10 5 0 3 18
Manufacturing 2 B 1 1 12
Transportation/Utilities 5 1 1 2 9
Trade [} 0 1 0 1
Services 2 0 1 2 5
Public Administration 6 4 1 2 13
Total 30 20 5 15 70
(% of Total) 429 286 71 214 100.0

Table 5. Fatal Confined-Space Incidents* Investigated by FACE,
by Industry and Training Procedures Implemented, 1983-1993
Training Procedures Implemented
Written
Safety Warning

Industry Training |Procedures | Permit Stand By Posted
Agriculture/Forestry/Fishing 1 0 0 4 4
Construction 11 8 0 4 0
Manufacturing 11 6 0 4 1
Transportation/Utilities 9 5 0 3 0
Trade 1 0 0 1 0
Services 2 1 0 0
Public Administration 12 8 0 0
Total 47 28 0 26 5
{% of Total) 67.1 40 0.0 371 71

* One incident may involve more than one category



Victim-specific Information

Thirty-seven percent of the victims were less than 30 years of age and two-thirds were less than 40 years
of age (Figure 10). The average age of the victims in the FACE investigations was 36 years (range 15
to 73), which was similar to that found on death certificates from NTOF.

Fifty-eight (53%) of the victims worked for the private sector, 25(23%) were employed by state or local
governments, and 26 (24%) were self-employed. Industry differences in employment are described in
Table 6.

The mostcommon reason forentry into a confined space was repair/maintenance, with 44 victims (40%),
followed by rescue, with 39 (36%). Of the 39 victims whose reason for confined-space eniry was to
attempt to rescue someone, only four were emergency responders (i.e., police, fire, or public safety
personnel). Tanks, vats/pits, digesters, and sewer manholes were the most frequently encountered types
of confined spaces undergoing repair and maintenance or involved in rescue operations (Table 7).
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Figure 10. Confined-Space-Related Faralities Investigated by FACE, by
Age Distribution of Victims, 1983-1993 (N=109)
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Table 6. Confined-Space-Related Fatalities Investigated by FACE, by
Industry and Employment Sector of Victim, 1983-1993 (N=109)

Employment Sector
Industry Private Government  |Self-Employed Total

Agriculture/Forestry/Fishing 6 0 13 19

Construction 17 1 7 25

Manufacturing 21 0 0 21

Transportation/Utilities 10 2 0 12

Trade 2 0 0 2

Services 2 0 6 8

Public Administration 0 22 0 22

Total 58 25 26 109

(% of Total) 532 229 239 104.0

Table 7. Confined-Space-Related Faralities Investigated by FACE, by
Confined Space Type and Reason for Entry, 1983-1993 (N=109)
Reason for Entry
Repair/ Retrieve | Dislodge
Type Const. Insp. Maint. Rescue Object | Material |Unknown | Total

Tank 0 5 14 11 1 0 0 ) |
Pipeline/Tunnel 1 0 1 1 0 0 0 3
Tanker Truck 0 0 3 0 0 0 0 3
Utility Vanlt 0 1 3 0 0 0 0 4
Vat/Pit Digester 0 0 10 14 2 0 0 26
Silo/Bin 0 1 0 0 0 5 1 7
Sewer Manhole 4 3 10 10 0 0 0 27
Well 0 1 3 3 1 0 0 8
Total 5 11 44 39 4 5 1 109
{% of Total) 4.6 10.1 404 358 36 4.6 0.9 1000
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Few of the victims had received formal safety training, as shown in Figure 11. Thirty-seven (34%) had
received no training at all, while 45 (41%) had received on-the-job training only. Formal safety training
in the form of classroom instruction or manuals was received by 21 victims (19%). Only six (6%) of the
victims received safety training specifically oriented toward confined spaces.

On-the-Job (45)
(Safety)

‘ Confined Space (6)

Classroom (21)
(Safety)

No Training (37)

Figure 11. Confined-Space-Related Fatalities Investigated by FACE, by
Type of Training Received by Victim, 1983-1993 (N=109)

DISCUSSION

The death certificate data from NTOF help to illustrate the magnitude of the confined-space problem
nationally and allow a comparison of the risks in various industries. The information from FACE
investigations allows for the identification of more detailed information on confined-space hazards, such
as, the lack of a permit system, standby person, written wamings, and other measures needed for proper
confined-space work. In addition, the FACE investigations provide information on fatalities among
rescuers.

OSHA estimates that 238,853 establishments employing 12.2 million workers, have permit-required
confined spaces.3] These establishments employ approximately 1.6 million workers, including
contractors, who enter approximately 4.8 million permit-required confined spaces annually. However,
the OSHA confined-space regulations would not apply to workplaces with fewer than 11 employees;
federal workers; state and municipal employees in the 24 states under federal rather than state OSHA
jurisdiction; self-employed persons; and workers in the transportation, construction, and shipbuilding
industries.32
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FACE reports and death certificates in NTOF identify many of the same hazards for confined-space-
related fatalities. The largest numbers of deaths are in manufacturing, construction, and agriculture, with
the highest fatality rates in the mining industry (including oil and gas) and in agriculture. Atmospheric
hazards cause the largest number of confined-space-related deaths. However, if one were to include
trench cave-ins as confined-space-related deaths, then mechanical hazards would be the largest group.

Confined-space-related deaths from mechanical asphyxiation occurred primarily in silos, bins, hoppers,
and grain elevators. Those due to atmospheric hazards occurred in a variety of structures and settings;
no single structure type was predominant. Sewers and manholes were involved in 61 (9%) of the 670
confined-space-related deaths identified from NTOF and 20 (18%) of the 109 deaths investigated by
FACE. The atmospheric hazards in sewers and manholes range from toxic gases like hydrogen sulfide
and carbon monoxide, to oxygen deficiency due to the action of bacteria in sewage or soil. Manholes
in low-lying or swampy areas may present a particular problem in that the air inside may be depleted of
oxygen only under conditions of low barometric pressure, when air is drawn out of the surrounding soil
into the manhole.33 These types of manholes may have been entered many times in the past without
difficulty, lulling workers into a false sense of security.

There was a slight downward trend from 1980 to 1989 in contined-space-related deaths but not in deaths
due to trench cave-in. All work-related deaths in the U.S. have shown a decline since the early 1980°s.26
The actual number of confined-space-related deaths is probably more than the 67 per year identified on
death certificates, as many death certificates lack details as to the manner and location of death. In
addition, the “Injury at Work™ box is not marked *“Yes” in all work-related deaths, and this means of
identifying workplace deaths finds perhaps 81% of such deaths 34

Rescuers accounted for 39 of 109 deaths (36%) in confined spaces which were investigaied by the FACE
program. It is difficult to count the number of rescuer fatalities in the NTOF data because the death
certificates often lacked detail conceming the victim’s activity. However, it should be noted that in
NTOF, 23% of confined-space deaths were in multiple-victim incidents. Whatever the true proportion
of rescuer fatalities may be, these data indicate the need for recognition of confined-space hazards and
the need for established rescue procedures prior to confined-space entry.

25






PREVENTION: ELEMENTS OF A CONFINED-SPACE PROGRAM

Ted A. Pettit, M.S., R EH.S.

The worker whois required to enter and work in a confined space may be exposed to anumber of hazards,
ranging from an oxygen-deficient or toxic atmosphere, 1o the release of hazardous energy (electrical/
mechanical/hydraulic/chemical) . Therefore, it is essential for employers to develop and implement a
comprehensive, written confined-space-entry program. The following elements are recommended as a
guide in developing a confined-space program.

A confined-space-entry program should include, but not be limited to, the following:

L ]

identification of all confined spaces at the facility/operation
posting a warning sign at the entrance of all confined spaces
evaluatuon of hazards associated with each type of confined space

a jJob safety analysis for each task 1o be performed in the contined space

confined-space-entry procedures

- initial plan for entry

- assigned standby person(s)

- communications between workers inside and standby
- rescue procedures

- specified work procedures within the confined space

evaluation to determine if entry is necessary—can the work be performed from the outside of
the confined space

issuance of a confined-space-entry permit—this is an authorization and approval in writing that
specifies the location and type of work to be done, and certifies that the space has been evaluated
and tested by a qualified person and that all necessary protective measures have been taken to
ensure the safety of the worker

testing and monitoring the air quality in the confined space to easure that

- oxygen level is at least 19.5% by volume
- flammable range is less than 10% of the LFL (fower flammable limit)
- absence of all toxic air contaminants
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* confined-space preparation

- isolation/lockout/tagout

- purging and ventilation

- cleaning processes

- requirements for special equipment and tools

* safety equipment and protective clothing to be used for confined-space entry

- head protection

- hearing protection

- hand protection

- foot protection

- body protection

- respiratory protection

- safety belts

- lifelines, harness

- mechanical-lift device—tripod

* (raining of workers and supervisors in the selection and use of

- safe entry procedures

- respiratory protection

- lifelines and retrieval systems
- protective clothing

* training of employees in confined-space-rescue procedures

* conducting safety meetings to discuss confined-space safety

e availability and use of proper ventilation equipment

* monitoring the air quality while workers are in the space.
The NIOSH criteria document, Working in Confined Spaces,$ was developed to provide the user ameans
for significantly reducing worker injury and death, associated with entering, working in, and exiting
confined spaces. This document will provide more detailed information in developing a comprehensive

confined-space-entry program. Additional information on confined-space safety is available from other
NIOSH publications and journal articles.2-1¢

28



10.

11.

REFERENCES

. Haddon W, Jr. [1968]. The changing approach to the epidemiology, prevention, and amelioration

of trauma: The transition to approaches etiologically rather than descriptively based. AmJ Pub
Health 58:1431-1438.

NIOSH [1986]. NIOSH Alert: Request for assistance in preventing occupational fatalities in
confined spaces. Cincinnati, OH: U.S. Department of Health and Human Services, Centers for
Disease Control, National Institute for Occupational Safety and Health, Division of Safety
Research. DHHS (NIOSH) Publication 86-110.

NIOSH {1988]. NIOSH Alert: Request for assistance in preventing entrapment & suffocation
carried by the unstable surfaces of stored grain and other materials. Cincinnati, OH: U.S.
Department of Health and Human Services, Centers for Disease Control, National Institute for
Occupational Safety and Health, Division of Safety Research. DHHS (NIOSH) Publication 88-
102.

NIOSH[1989]. NIOSH Alert: Request for assistance in preventing death from excessive exposure
to chlorofluorocarbon 113 (CFC-113). Cincinnati, OH: U.S. Department of Health and Human
Services, Centers tor Disease Control, National Institute for Occupational Safety and Health,
Division of Safety Research. DHHS (NIOSH) Publication 89-109.

. NIOSH [1990]. NIOSH Alernt: Request for assistance in preventing deaths ot farm workers in

manure pits. Cincinnati, OH: U.S. Department of Health and Human Services, Centers for Disease
Control, National Institute for Occupational Safety and Health, Division of Safety Research.
DHHS (NIOSH) Publication 90-103.

. NIOSH [1979]. Criteria for a recommended standard: Working in confined spaces. Washington,

DC: U.S. Government Printing Office, DHEW (NIOSH) Publication 80-106.

. Petit TA, Linn HI{1987]. A guide to safety in confined spaces. Cincinnati, OH: U_S. Department

of Health and Human Services, Public Health Service, Centers for Disease Control, National
Institute for Occupational Safety and Health, Division of Safety Research, DHHS (NIOSH)
Publication No. 87-113.

. Pettit TA, Sanderson LM, Linn HI {1987]. Workers/rescuers continue to die in confined spaces.

Professional Safety 32:15-20.

. Suruda A, Agnew J [1989]. Deaths from asphyxiation and poisoning at work in the United States

1984-6. Brit J Ind Med 46:541-546.

Manwaring JC, Conroy C{1990}. Occupational confined space-related fatalities: Surveillance and
prevention. J Safety Res 21:157-164.

Breysse PA [1962]. Death in a hole. Occupational Health Newsletter 77:10.

29



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

30

McKinnon GP [1976]. Fire protection handbook. Boston, MA: National Fire Protection
Association, pp. 3-49.

NIOSH [1990]. NIOSH pocket guide to chemical hazards. Cincinnati, OH: U.S. Department of
Health and Human Services, Public Health Service, Centers for Disease Control, National Institute
for Occupational Safety and Health, DHHS (NIQSH) Publication 90-117.

Matheson D [1983]. “Solvents.” In Parmeggiani L, ed.: Encyclopedia of Occupational Health and
Safety, Geneva: International Labor Organization, pp. 2085-88.

Zakhari S, Aviado DM [1982]. “Cardiovasculartoxicology of aerosol propellants, refrigerants, and
related solvents.” In Van Stee EW, ed.: Cardiovascular toxicology, New York: Raven Press, pp.
281-314.

Finkel AJ[1983]. Hamilton and Hardy’s industrial toxicology. Boston, MA: John Wright, p. 228.

Loewer, OJ Ir., Loewer, DH [undated]. Suffocation hazards in grain bins. Cooperative Extension
Service, Ohio State University. Reprinted by permission of University of Kentucky Cooperative
Extension Service.

Thackrah CT [1831]. The effects of principal arts, trades, and professions, and of civic states and
habits of living, on health and longevity. Philadelphia, PA: Henry Porter, p. 83.

AgricolaG[1556/1950]. Conceming things of metal. Translated from the Latin text De re metallica
of 1556 by Hoover C, and Hoover LH. New York: Dover Publications, p. 215.

Hamilton A[1925]. Industrial poisons in the United States. New York, NY: MacMillan Company,
pp- 354-6.

Eastman C [1910]. Work accidents and the law. Philadelphia, PA: Russell Sage Foundation, pp.
49-57.

Division of Labor Statistics and Research [1984]. California work injuries and illnesses 1982. San
Francisco, CA: U.S. Department of Labor.

Yodaiken R, Larson JR [1986]. Airmonitoring, reporting needed toreduce confined space hazards.
Occ Health & Safety 55:82-89.

Burnett WW, King EG, Grace M, Hall WF [1977]. Hydrogen sulfide poisoning: Review of 5 years
experience. Can Med Assn J 117:1277-1280.

McCarthy TB, Jones RD [1983]. Industrial gassing poisonings due to trichloroethylene, perchlo-
rocthylene, and 1-1-1 trichloroethane, 1961-1980. Brit J Ind Med 40:450-455.

Jenkins EL, Kisner SM, Fosbroke DE, et al. [1993]. Fatal injuries to workers in the United States,
1980-1989: A decade of surveillance: National profile. Washington, DC: U.S. Government
Printing Office, DHHS (NIOSH) Publication Number 93-108.



27.

28.

29.

30.

31.

32.

33.

34.

WHO [1977]. International classification of diseases: Manual on the international statistical
classification of diseases, injuries, and causes of death, 9th revision Geneva, Switzerland: World
Health Organization.

County Business Patterns 1984-86; [public use data tapes]. Washington, DC: Department of
Commerce, Bureau of the Census.

U.S. Department of Labor. Employment and earnings. Washington, DC, 1981-1989, 28-36 (Issue
No. 1. for each).

U.S. Department of Commerce [1984] [state files and public use data tapes]. 1982 Census of
agriculture. Washington, DC: Bureau of the Census.

Office of the Federal Register, Preamble for permit-required confined spaces, 29 CFR Part
1910.146, p. 4542, vol 58, no. 9, January 14, 1993, U.S. Government Printing Office, Washington,
D.C.

Code of Federal Regulations, 29 CFR 1910.146 [1993). Permit-required confined spaces,
Washington, D.C_, U.S. Government Printing Office.

Michaelsen GS, Park WE [1954]. Asphyxiation in street manholes. Pub Health Rep 69:29-36.

Stout NA, Bell C [1991]. Eftectiveness of source documents for identifying fatal occupational
injuries: A synthesis of studies. Am J Pub Health 81:725-728.

31






PART II

FATALITY ASSESSMENT AND CONTROL EVALUATION (FACE)
SUMMARY REPORTS, 1983-1993:
CONFINED SPACES






Atmospheric Hazards

Flammable/Explosive






FACE 85-05: Confined Space Incident Kills Two Workers- Company Employee and Rescuing
Fireman

INTRODUCTION

On November 15, 1984, one worker died after entering a toluene storage tank. During the rescue attempt,
a fireman was killed when the tank exploded.

SYNOPSIS OF EVENTS

The owner of a bulk petroleum storage facility discovered that the toluene storage tank (10 feet in
diameter and 20 feet in height) was contaminated and would have to be drained and cleaned. Since the
tank’s only access portal was located on top of the upright cylindrical tank, the owner decided to have
a clean-out access portal installed at the bottom of the tank when emptied. A contractor was called to
provide cost estimates for installing the portal. The contractor performed a site survey of the tank and
told the owner that the tank must be drained, all sludge removed, and thoroughly ventilated before he
would install the portal. The owner directed his maintenance supervisor to get the tank prepared for the
contractor.

On the day of the incident the supervisor and an unskilled laborer (a San Salvadorean immigrant on his
first day back on the job after working another job for approximately 2 months) drained the tank to its
lowest level - leaving 2 10 3 inches of sludge and toluene in the bottom - and prepared for a “dry run”
of entry into the tank via the top access portal.

The supervisor rented a self-contained breathing apparatus (SCBA) from a local rental store and
instructed the laborer in use of the SCBA and in the procedure they intended to follow. Since a ladder
would not fit into the 16-inch diameter access hole, the supervisor secured a knotted, 1/4-inch rope to
the vent pipe on top of the tank and lowered the rope into the hole. The 16-inch diameter opening on the
top of the tank was not large enough to permit the laborer to enter wearing the SCBA. Therefore, it was
decided the SCBA would be loosely strapped to the laborer so it could be held over his head until he
cleared the opening. Once entry had been made, the supervisor was to lower the SCBA onto the laborer’s
back so it could be properly secured.

Immediately prior to the incident, both employees were on top of the tank. The laborer was sitting at the
edge of the opening. The supervisor turned to pick up the SCBA. While he was picking up the unit, he
heard the laborer in the tank. He turned and looked into the opening and saw the laborer standing at the
bottom of the tank. He told the laborer to come out of the tank, but there was no response. The supervisor
bumped the rope against the laborer’s chest attempting to get his attention. The laborer was mumbling,
but was sull not responding to his supervisor’s commands. At this point, the supervisor pulled the rope
out of the tank, tied the SCBA to it and lowered the unit into the tank. Again, he yelled to the laborer
in the tank, bumped him with the unit and told him to put the mask on. There was still no response. The
laborer fell to his knees, then fell onto his back, and continued to mumble. At this point, the supervisor
told the facility manager (who was on the ground) to call the fire department.

The first call went to the police department who relayed it to the fire department. Included in the fire
department response was the hazardous materials team, due 1o the information received about the
matenialin the tank. The fire department (including the rescue and the hazardous materials teams) arrived
on the scene approximately 10 minutes after the initial notification. After apprising the situation, fire
officials decided to implement a rescue procedure rather than a hazardous materials procedure.
Therefore, removal of the disabled person inside the tank was given top priority.

The 16-inch diameter opening at the top of the tank was not large enough to lower a firemen donned in

full rescue gear. Therefore, it was decided to cut through the side of the tank to remove the victim. The
firemen were aware of the contents of the tank (toluene) and the possibility of an explosion.
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The procedure developed by the fire department involved making two 19-inch vertical cuts and a 19-inch
horizontal cut with a gasoline-powered disc saw. Afier the cuts were completed, the steel flap would be
pulled down and the victim removed.

While the hazardous materials team was cutting, other firemen were spraying water on the saw from the
exterior to quench sparks. Two other firemen were spraying water on the interior cut from the top
opening. Three firemen with the hazardous materials team were doing the actual cutting; they were
alternately operating the saw because of the effort required to cut through the 1/4-inch thick steel.
Sometime during the horizontal cut a decision was made to bring the two firemen off of the top, which
meant no waiter spray on the interior. Simultaneously, the exterior water spray was removed to put out
flammable liquid burning on the ground as a result of the shower of sparks from the saw. Thus, at the
precise time of the explosion, no water was being sprayed on the saw/cut from exterior or interior. Both
vertical cuts were completed and the horizontal cut was 95 percent complete when the explosion
occurred.

One fireman was killed instantly from the explosion and several were injured. The man inside the tank
was presumed io be already dead at the ume of the explosion.

CONCLUSIONS/RECOMMENDATIONS

The conclusions and recommendations are presented in two parts: Part I - the confined space entry; and
Part I1 - the rescue effort.

Part | - Confined Space Entry:

The following factors may have contributed to the confined space fatality:

The company had no confined space entry procedures.

The supervisor was not qualified to direct confined space entry.

The laborer was inadequately trained for confined space entry — possible language barrier.
Appropriate protective clothing and equipment were not provided.

The only access portal required vertical entry.

The access portal was small.

It was the laborer’s first day back on the job. (He may have felt obligated to perform any task assigned.)
RECOMMENDATIONS

Written confined space entry procedures should be developed and used. Procedures should contain the
following: permit system, testing and monitoring of the atmosphere, training of employees, safety
equipment/clothing, safe work practices, rescue procedures, standby person requirements, and use of
respiratory protection.

Selection of proper respiratory protection — whether it be a self-contained breathing apparatus (SCBA)
or supplied air system — is essential. Selection should be determined by the physical limitations,
equipment available, and work procedures.

Confined space testing and evaluation by a qualified person before entry and implementation of safety
measures will help reduce risk-taking by employees.
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Vertical access from the top of a 20-foot tank by a rope was found to be physically impossible while
wearing respiratory protection and protective clothing. Anadditional access porton the side near ground
level would eliminate this problem. The port should be of adequate size to permit entry of a worker
wearing full protective clothing.

Workers must be properly trained (in English, Spanish, or the prevailing language) in confined space
entry procedures and use of personal protective equipment. Also, the tank contents and known potential
hazards should be discussed.

A prior accident should have alerted someone that additional protection was needed. If entry procedures
are being followed and an accident occurs, it is necessary to re-evaluate the procedures and make
necessary corrections for employee safety.

Part II - The Rescue Effort:
The following factors may have contributed to the rescue effort fatality and injuries:
The condition of the person down inside the tank was not known.

The location and size of the only access portal on the tank precluded entry by a rescuer wearing full
protective clothing and equipment.

The fire department’s confined space entry procedures precluded entry into a confined space containing
hazardous materials without full protective clothing and equipment.

The choice of methods to open the tank for rescue entry introduced an ignition source to an atmosphere
which was known to be potentially explosive (se¢ tank calculations).

The use of water sprays to preventignition of a flammable/explosive atmosphere in a confined space may
not be effective under certain conditions.

There were combustible materials on the ground surrounding the tank which ignited prior to the
explosion and necessitated removal of exterior water spray away from saw/cut.

The fire department chain of command possibly created confusion when orders were given without full
knowledge of the situation.

The number of fire department personnel in the immediate area may have been excessive.

The victum (fire fighter) was directly in front of the cut during the cutting procedure and when the
explosion occurred.

RECOMMENDATIONS

While cutting the tank and assisting fellow firemen who were cutting, one fire fighter stood directly in
front of the opening, rather than to the side. This maximized the impact the victim received from the
explosion. It is recommended that procedures be outlined that minimize such risk by firemen.

When hazardous tasks are performed only essential personnel should be in the immediate area, regardless
of perceived risk by fire fighters. Nonessential personnel should be permitted only after the hazardous
task(s) has been completed.

More extensive departmental procedures for efforts involving responses to explosive environments and
hazardous materials are needed. Procedures should include command responsibilities, determinations
of and distinctions between rescue and recovery efforts, uses of potential sources of ignition, methods
to minimize risks of ignition, etc.
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City fire departments should establish a registry of confined spaces and toxic/explosive substances for
specific companies within the area in which they serve. Sucha registry should provide not only the name
of the substance, but should also provide sufficient information so that emergency response personnel
will have one comprehensive source that provides information sufficient to safely effect a rescue effort.

Research is needed to determine the best methods (if any) to gain entry in such circumstances. Cutting
may be too hazardous, even with the use of water sprays.



FACE 87-33: Digester Explosion Kills Two Workers at Wastewater Treatment Plant in
Pennsylvania

INTRODUCTION

On February 6, 1987, two workers at a wastewater treatment plant were draining a sewage digester when
an explosion lifted the 30-ton floating cover, killing both workers instantly.

OVERVIEW OF EMPLOYER’S SAFETY PROGRAM

The employer in this incident was a small borough within the Commonwealth. The victims worked for
the wastewater treatment plant which is under the public works department. The public works
department has a total of 10 employees (2 in the wastewater treatment section and 8, including a public
works supervisor, in the street maintenance section).

New employees are given a brief orientation on benefits and policies and receive on-the-job training that
addresses their assigned duties. Additionally, employees are sent to any pertinent semtnars that would
be of value in their training. No safety training or safety meetings are conducted at the wastewater
treatment plant. Employees are not trained in confined space hazards or safe entry procedures. The only
confined space procedures are four basic recommendations that are posted on the bulletin board at the
wastewater treatment plant.

SYNOPSIS OF EVENTS

On February 6, 1987, the two operators (a father and son) of the wastewater treatment plant were in the
final stages of drainage a digester (30 feet deep by 27 feet in diameter) that had been taken out of service
for routine cleaning. The heavy sludge remaining in the bottom of the digester was approximately 8 feet
deep. Two tank pumper trucks were brought in to remove the heavy sludge; however, the sludge was
not pumping well. The operator of the wastewater treatment plant told the driver of the pumper truck
that he would go up on top of the digester and spray water into the sludge to make it pump easier. The
driver of the pumper truck reversed his pump to blow air up through the sludge to help loosen the heavy
mass. The two plant operators climbed up onto the floating cover of the digester and using a 1-inch garden
type hose, they began spraying water into the bottom of the digester to loosen up the heavy sludge. The
operators lowered a 200-watt light bulb on an extension cord into the digester through a 22-inch diameter
manhole on top of the floating cover to view the studge level. The light and cord were not designed or
approved for use in hazardous (classified) locations. Apparently the light bulb either struck the concrete
and broke, or the cold water spray made contact with the hot glass light bulb, causing it to break. The
broken light provided a source of ignition for the combustible gas(es) in the digester, probably methane.

The truck driver who remained on the ground stated he heard a *“whoomp” but the sound didn’t appear
10 be an explosion. However, his truck and pump were running at the time of the explosion, increasing
the ambient noise level. After a few minutes the driver went up the ladder to the top of the digester and
saw that the 30-ton floating cover was wedged in the digester on a 45-degree angle. Neither of the
workmen was visible.

The rescue squad was called and arrived within a few minutes. However, to remove the victims, a large
crane was brought in to tip the wedged cover enough to send in a driver to retrieve the victims. It took
approximately 4 hours before the victims were removed from the digester. They were both pronounced
dead at the scene by the local coroner.

NOTE: When agitating the sludge, i.e., blowing air up through the heavy sludge, it is possible to release
trapped gases such as methane and hydrogen sulfide.

CAUSE OF DEATH

The coroner’s report listed the cause of death of both men as cervical fracture.
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RECOMMENDATIONS/DISCUSSION

Recommendation #1: The employer should develop proper work procedures and should train employees
concerning safe maintenance procedures.

Discussion: The municipality did not provide safe operating/maintenance procedures or training in
hazard recognition. This training should include recognition of potential hazards associated with
digester cleaning operations and proper tools and equipment to be used in a combustible atmosphere. The
workers had used this light and extension cord in the past and assumed it was safe. The light and cord
were not designed or approved for use in hazardous (classified) locations and should not have been used.

Recommendation#2: The employer should develop comprehensive policies and procedures for confined
space entry.

Discussion: All employees who are required to work in or around confined spaces should be aware of
potential hazards, possible emergencies, and specific procedures that are to be followed. NIOSH
Publication No. 80-106 “Working in Confined Spaces” was left with the employer as a reference in
developing procedure for confined spaces. Prior to entry into a confined space, the following should be
addressed:

1. Is entry necessary? Can the task be completed from the outside?
2. Has a permit been issued for entry?
3. Has the air quality in the confined space been tested?

» Oxygen supply at least 19.5%
» Flammable range less than 10% of the lower flammable limit
* Absence of toxic air contaminants

4. Has the confined space been isolated/locked out from other systems?

5. Have employecs and supervisors been trained in selection and use of personal protective
equipment and clothing?

Protective clothing
Respiratory protection

Hard hats

Eye protection

Gloves

Life lines

* Emergency rescue equipment.

6. Have employees and supervisors been trained in selection and use of approved equipment and
tools for use in a confined space?

* Electric tools approved in accordance with 29 CFR Part 1910, Sub Par 5.

« Lighting explosion proof design where necessary. Intrinsically safe for the atmosphere
involved.

= Electric lines, junctions approved in accordance with the National Electric Code and
National Fire Code.

7. Have employees been trained for confined space entry?
8. Is ventilation equipment available and/or used?

9. Is the air quality tested when the ventilation system is operating?
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FACE 87-50: Tractor-Trailer Repairman Dies While Welding Interior Wall of a Tanker in
Indiana

INTRODUCTION

On June 9, 1987, a tractor-trailer repairman (the victim) for a trailer repair company entered an 8500~
gallon cargo tank to weld a leak on the interior wall of the tanker. When the victim began welding, an
explosion occurred killing him.

OVERVIEW OF EMPLOYER’S SAFETY PROGRAM

The employer in this incident is a trailer service company that has nine employees: six trailer repairmen
and three secretarial staff members. The company is family-operated and has one shop. The company
has a written safety program, with the majority of the safety procedures given as part of on-the-job
training. Specific safety regulations for confined spaces wete in place at the time of the incident that,
if followed, would have prevented the accident. As a result of this incident, the company has decided
to stop servicing tanker-trailers.

SYNOPSIS OF EVENTS

On June 9, 1987, a 34-year-old welder (the victim) and an assistant began preparing a tanker-trailer for
repairs. The victim was the shop foreman and had been performing tanker repairs for approximately 15
years (7 years with this company). The tanker was a multi-compartment type with four compartments
of different sizes (see Figure 1) with a leak in an interior wall that required welding. A small baffle area
is located between the compartments to prevent chemicals from mixing together if a leak in an interior
wall occurs.

The tanker compartments were steam cleaned for 1 to 1-1/2 hours to remove trapped chemicals and
vapors from the tanker. The chemical in this instance was lacquer-thinner. Drain plugs were opened the
entire time steaming was conducted to allow proper drainage of the compartments and baffles. Opening
the drain holes 1s a standard safety procedure for the company when doing tanker repairs. The victim
and his assistant left the tanker to do other tasks while the steam cleaning progressed. Because of this,
they were not aware that the drain hole in the second baffle area had clogged (See B, Figure 1).

The victim and the assistant returned after allowing sufficient time for the steaming operation to clean
the compartments and baffles. They discovered the clogged drain and cleaned it, which allowed the
trapped liquid to drain from the baffle. At thattime, the victim decided not to re-steam the baffle, despite
the strong fumes. Instead, the tanker was moved into the shop area and the victim instructed the assistant
to shootcompressed airinto the baffle drain hole to dissipate the vapors. This was done forapproximately
ten minutes.

Afier air-blowing the baffle, the victim and assistant entered the tanker compartment to do pre-treatment
work to the leak (See A, Figure 1) before welding. The assistant remarked about the “strong fumes” in
the compartment; however, the victim decided to continue the repair operations. When the pre-treatment
was completed, the victim instructed the assistant to leave the compartment, pass in the welding
equipment and to stay on top of the tanker to attach the lids to the other compartments. Upon leaving
the compartment, the assistant again mentioned the “strong fumes.” The written company safety policy
required that an explosion meter was to be used at this point. The explosion meter was available and was
in working condition. However, the victim did not follow the safety policy and requested the assistant
to pass in the welding equipment. After passing in the equipment, the assistant began replacing the
compartment lids as instructed. An explosion, which apparently occurred as the victim began welding
the leak, broke the weld of the compartment wall along approximately six feet of the seam line.

The assistant was the first to reach the compartment and saw the victim against the compartment wall

opposite the leak (See C, Figure 1). The owner of the company immediately notified the local fire
department and emergency medical service. The fire department responded after 10 to 12 minutes, by
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which time the victim had been removed from the tanker by co-workers. The emergency medical tcam
began CPR at the scene and continued CPR while in route to the hospital. The victim was rushed to a
nearby hospital, approximately 10 minutes away, where he was pronounced dead by the attending
physician. The time between the incident and arrival at the hospital was approximately thirty minutes.

CAUSE OF DEATH

The autopsy report lists the cause of death as “multiple blunt force injuries.”

RECOMMENDATIONS/DISCUSSION

Recommendation #1: The employer should initiate a comprehensive enforcement and safety review
program for confined space entry procedures.

Discussion: All employees who repair tankers should be aware of the importance of stated company
safety procedures, including confined entry policies. The employer should reinforce employee
awareness of the potential hazards associated with confined spaces. The employer did have a written
policy that was sufficient to prevent the incident if it had been followed; however, this policy should be
communicated and enforced. This should include:

1. Posting of confined space procedures;

2. Regularly scheduled safety policy meetings (bi-weekly or monthly) to re-enforce company
safety codes;

3. Review process for allowing employees to make recommendations or for improving wriiten
company safety codes;

4. Employer monitoring of tasks assigned to employees to assure the implementation of safety
policies;

5. Emergency rescue procedures;
6. Awvailability, storage and maintenance of emergency rescue equipment.

Recommendation #2: The employer should expand confined space policies to address hazards due
to oxygen deficient, flammable/explosive, or toxic environments.

Discussion: This incident emphasized the need to address all of the potential hazards in confined spaces.
Locating the clogged baffle drain before entering the tanker compartment allowed the baffle to be drained
of trapped chemicals. However, if the clogged drain had not been located, the concentration of chemical
vapors in the tanker compartment may have been sufficient to place both the victim and the assistant in
an oxygen deficient or toxic environment. The need to inform employees about the hazards of confined
spaces in all respects should be a priority of the employer. Information concerning confined space entry
procedures is available from various NIOSH documents including:

1. “Criteria for a Recommended Standard... Working in Confined Spaces” - DHEW (NIOSH)
Publication No. 80-106

2. *A Guide to Safety in Confined Spaces” - DHHS (NIOSH) Publication No. 87-113.



Cc B

BAFFLE AREAM

A. Location of leak.

B. Baffle area with clogged drain.

C. Location of victim after explosion.

Figure 1 (87-50). Lateral view of the tanker-trailer in which fatality occurred.
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FACE 88-30: Laborer Dies in Explosion
INTRODUCTION

On July 14, 1988, an 18-year-old male laborer died as a result of an explosion which occurred while he
was making repairs on the interior of a tanker truck compartment.

OVERVIEW OF EMPLOYER’S SAFETY PROGRAM

The victim was one of seven employees of a truck and trailer repair shop. The shop had no written safety
policy or safety program. All employees received on-the-job training. The victim had been employed
full-time at the facility for 45 days.

SYNOPSIS OF EVENTS

A tanker truck’s aluminum cargo tank had developed a crack in an interior compartment wall. The cargo
tank was 16 feetlong, divided into 4 interior compartments, and had a total tank capacity of 3,000 gallons.
The interior compartments were of double wall construction with a dead air space between the walls.
This configuration prevented liquid in one compartment from flowing into another should a single wall
fail. Each compartment had an individual hatchway located on top of the tank. Each also had its own
drain and shut-off valve connected by a manifold pipe to one common outlet.

The crack had developed in a weld in Compartment 3 on the wall located between compartments 3 and
4. Planned repairs involved welding a 20-inch-long piece of 3-inch structural aluminum angle over the
crack.

On the morning of the incident, the truck was brought into the garage to have the compartment repaired.
Compartment 3 was steam-cleaned while the other three compartments were left sealed. The
compartment atmosphere was not tested for toxicity orexplosibility prior to entrance. The victim entered
Compartment 3 and used an electric grinder to prepare the crack for welding. When the victim finished
preparing the weld site, he left the facility to pick up the piece of aluminum angle to be used for the patch.
When the victim returned, he and the supervisor ate lunch together but did not discuss the job. After
lunch, the victim re-entered the compartment and began welding the patch over the crack.

The supervisor stated that at 2:10 p.m. the victim was using the grinder once again when an explosion
occurred in Compartment 2. The top sections of both walls separating compartments 2 and 3 were blown
into Compartment 3. The double wall wrapped around the victim’s head, crushing his skull. The
volunteer fire department was summoned. Firemen used an electric winch to pull the double wall away
from the victim. Approximately 40 minutes after the explosion, the victim was removed from the tanker
and pronounced dead at the scene by the county coroner.

The petroleum company’s manifest was reviewed during the investigation. Immediately before the truck
was brought in for service, compartments 1 and 2 had contained gasoline. It is assumed that a small
quantity of gasoline was still present in compartments 1 and 2 and in the drainage system. The drains
on all four compartments were open which may have allowed explosive vapors to accumulate in the drain
lines.

The facts suggest at least two possible explanations for the explosion:

1. while the victim was dressing (preparing) the weld with the grinder, a piece of hot metal fell
into the drain causing the gas vapors to ignite, or

2. explosive vapors entered the compartment through the drain opening and ignited. Ifignition
occurred in Compartment 3, the source was either the grinder motor or electrical arcs created
by electrical flow between bare conductors on the grinder power cord and the metal
compartment.
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In either case, the ignition spread through the drainage system to Compartment 2, where an explosive
concentration of vapors was enclosed.

CAUSE OF DEATH
The coroner listed the cause of death as blunt force trauma to the head. 7
RECOMMENDATIONS/DISCUSSION

Recommendation #1: The employer shouldinitiate a program of safe work practices and ensure that
employees understand and follow specific prerequisites for entering a confined space. These should
minimally include the following:

1. recognition of confined spaces and associated hazards

2. airquality testing to ensure adequate oxygen supply, adequate ventilation, and permissible
levels of toxic and explosive contaminants

3. monitoring of the space to determine that safe atmospheres are being maintained

4. employee and supervisory training in confined space entry, in the selection and usage of
required respiratory protection, and emergency rescue procedures

5. availability, storage, and maintenance of emergency rescue equipment.

Discussion: The air quality was not determined before the worker entered the compartment and
ventilation was not maintained. The air quality was notmonitored for toxic air contaminants and oxygen
level. If the atmosphere in the compartment had been tested prior to the beginning of work, it may have
alerted the victim that a problem existed.

Recommendation #2: All containers, such as the truck compartments in this case, which have recently
been used for storage, transport or dispensing of flammable liquids, should be emptied, thoroughly
cleaned, and purged before initiating repairs to the container. The atmosphere within the compart-
mentshould be tested to determine thatitis below the lower explosive limits if repairs involve potential
ignition sources.

Discussion: Although two other compartments had contained gasoline, only the compartment in which
work was to be performed was steam-cleaned. This created a dangerous situation since the drainsleading
toa common outlet were open in all four compartments. The possibility of an explosion would have been
greatly reduced had all four compartments been steam-cleaned and the drains thoroughly flushed.

Recommendation #3: Employers should maintain portable hand tools in safe operating condition.

Discussion: The power cord on the portable grinderhad visible bare conductors. This created a condition
which could have resulted in an arcing effect due to current flow from the conductor to the metal
compartment, thereby producing an ignition source for the explosive atmosphere. Additionally, this
hazardous condition exposed users of the grinder to potential contact with electrical energy which could
result in injury or death.
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FACE 89-38: Painter Dies from Burns Received from Explosion Insider Tank
INTRODUCTION

On May 16, 1989, a 41-year-old male painter (the victim) suffered bum injuries from an explosion which
occurred while he was painting the inside of a 1,300-gallon tank. He died 5 days later. A 32-year-old
male painter (co-worker) stationed outside the tank suffered burns and a broken arm.

OVERVIEW OF EMPLOYER’S SAFETY PROGRAM

The employerisa sheet metal fabrication company with 30employees. The company manufactures steel
tanks and has been in business for 20 years. Most of the employees are sheet metal workers, welders and
painters. The victim had been with the company as a painter for 3 1/2 years. The co-worker had been
a painter with the company for 4 years. The company has a management level employee who serves as
the safety officer on a collateral-duty basis. The safety officer conducts safety meetings once a month.
New employees receive a safety orientation which consists of a brief discussion of company require-
ments for workers to wear steel toe boots, hearing and eye protection. Newemployees are given handouts
which they are expected to read covering safety requirements. The company has no written safety
program and does not have any writien confined space entry procedures. Confined space entry
procedures regarding ventilation of tanks during welding is discussed at monthly safety meetings.

SYNOPSIS OF EVENTS

The victim and co-worker had been assigned to paint the inside of a recently fabricated 1,300-gallon steel
tank. The tank measured 68 inches high, 75 inches in diameter, and stood vertically with a 22-inch
diameter manway opening on the top.

The victim entered the tank by stepping on the mixing blades that had been built into the inside of the
tank. He was wearing a supplied air respirator (without an auxiliary escape Self Contained Breathing
Apparatus (SCBA)), welder’s cap, coveralls, rubber gloves, and steel toe boots. To provide lighting for
the victim, the co-worker positioned a 500-watt, non-explosion-proof halogen lamp over the manway
opening. The co-worker then sat on top of the tank next to the manway to observe the victim. He (the
co-worker) was wearing a dust/mist respirator. Using an airless spray gun, the vicum began spray
patnting the inside of the tank with an epoxy-base paint. The victim had completed painting the bottom
and sides of the tank, and he was painting the top when the spray gun nozzle hit the lamp, breaking the
sealed beam. This ignited the epoxy vapor which caused a flash fire explosion. The victim was able to
climb out of the tank unassisted. He then removed the respirator mask and both the victim and co-worker
walked approximately 300 feet to the office. There they explained to office personnel what had
happened. Office personnel notified the local Emergency Medical Service (EMS). Police officers who
were in the area heard an emergency call concerning the explosion and arrived at the scene in 3 minutes.
A rescue squad ambulance arrived 10 minutes after being notified and transported the victim to a local
hospital emergency room. The co-worker was taken to the same hospital in another worker’s car. Both
workers were fully conscious and able to converse while being transported to the hospital and while
medical care was being administered in the emergency room. The victim suffered second and third
degree burns on 40 percent of his body (thighs, hands, arms and chest). The co-worker suffered first and
second degree burns on 12 percent of his body (face and neck), and suffered a broken arm from falling
off the top of the tank after the explosion. The two workers were transported the same day to a nearby
burn center where they were hospitalized. The co-worker recovered sufficiently to be released from the
hospital 8 days after the incident. The victim died from burn complications 5 days after the incident.

CAUSE OF DEATH

The attending physician listed the immediate cause of death as respiratory failure. This was due to
respiratory complications as a consequence of thermal burns affecting 40 percent of the victim’s body.
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RECOMMENDATIONS/DISCUSSION

Recommendation #1: All employers should develop and implement a safety program to protect their
employees.

Discussion: The company did not have a formal safety program established. A logical first step in
developing a safety program is to identify all potential hazards. One way is by analyzing the sequential
steps in routine operations to identify potential hazards, and attempting to develop procedures or other
control measures which effectively eliminate or reduce the hazards. This type of analysis is known as
jobhazard analysis. Additionally, each specific job involves hazards particular to that job or the working
environment. For example, in the steel tank painting process there were two hazards which should have
been identified: 1) The flammable epoxy paint being sprayed inside the tank, and 2) the non-explosion-
proof floodlight being used to illuminate the spraying process. An evaluation of these hazards should
have led to control measures such as changing to an explosion-proof light and/or substituting the epoxy
paint for an acrylic base or other non-flammable paint. NIOSH Publication Number 78-100, “Health and
Safety Guide for the Fabricated Structural Metal Products Industry” should be used as a guide in
developing the safety program.

Recommendation #2: The employer should develop and implement specific confined space entry
procedures.

Discussion: Although the company had verbal confined space procedures for entering and working in
tanks, the procedures were unsafe and inadequate. The company should therefore immediately develop
and implement a comprehensive confined space entry program as outlined in NIOSH Publications
Number 80-106, “Working in Confined Spaces,” and Number 87-113, **A Guide to Safety in Confined
Spaces.” At a minimum, the following items should be addressed:

1. Is entry necessary? Can the assigned task be completed from the outside?
2. Has a confined space safe entry permit been issued by the company?

3. Are confined spaces posted with warning signs and are confined space procedures posted where
they will be noticed by employees?

4. If entry is to be made, has the air quality in the confined space been tested for safety based on the
following criteria:

* Oxygen supply at least 19.5%
» Flammable range less than 10% of the lower explosive limit
» Absence of toxic air contaminants.

5. Have employees and supervisors been trained in the selection and use of:

*» protective clothing
respiratory protection

hard hats

eye protection

gloves

lifelines and

emergency rescue equipment?

6. Have employees been trained for confined space entry?
7. Are confined space safe work practices discussed in safety meetings?

8. Have employees been trained in confined space rescue procedures?
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9. Is ventilation equipment available and/or used?
10. Is the air quality tested when the ventilation system is operating?

In addition to the above items, the following should be specifically incorporated into the confined space
procedures for work performed inside tanks:

1. The use of explosion-proof lighting and fixtures in and near flammable atmospheres, as required
by National Electric Code (NEC) Article 501-9(a)(1) and 501-9(b)(1) and the National Fire
Protection Association (NFPA) Standard 33.

2. The use of non-flammable paints (if at all possible) for coating the inside of tanks.

Recommendation #3: The employer should develop and implement a comprehensive respirator
program as required by 29 CFR 1910.134, including either quantitative or qualitative fit testing and
employee training in the use and limitations of air-supplying and air-purifying respirators.

Discussion: Employees were not trained in the use of respirators. Although the victim wore a supplied
air respirator, it was not equipped with an auxiliary, escape SCBA. Respirators should be selecied
according to criteria in the “NIOSH Respirator Decision Logic” (DHHS [NIOSH] Publication No. 87-
108). Additional information on the characteristics and use of respirators is available in the “NIOSH
Guide to Industrial Respiratory Protection” (DHHS [NIOSH] Publication No. 87-116
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FACE 85-02: Two Rescuers Die in Fracturing Tank in West Virginia Gas Field
INTRODUCTION

On October 4, 1984, two workers died while attempting to rescue a third worker who had entered a
fracturing tank at a natural gas well. A total of four men entered the tank and were overcome by natural
gas. The two workers who died drowned in 30 inches of liquid ( water, gas, acid, and possibly oil) which
had been released into the tank during “blow down” procedures. The other two workers, both rig hands,
required medical treatment at local hospitals.

SYNOPSIS OF EVENTS

On the day of the accident, at approximately 7:30 a.m., a five-man crew assembled in the office of the
field supervisor to receive their instructions for the day. The crew consisted of two service rig hands
(hereafter designated “rig hands”) and their supervisor, the service rig operator (hereafter designated
“operator”). In addition, the rig supervisor (hereafter designated “supervisor”) and the service ng tool
pusher (hereafter designated “tool pusher’”) were assigned to the crew so that the supervisor could instruct
the tool pusher in the assembly job. The crew was informed that they were to “blow the well down™
(relieve the internal pressure). If they could get the pressure down to acceptable levels, they were to start
putting the tubing down. All members of the crew were familiar with the procedures necessary to