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PREFACE

The Occupational Safety and Health Act of 1970 (Public Law 91-596), states that
the purpose of Congress expressed in the Act is "to assure so far as possible every
working man and woman in the Nation safe and healthful working conditions and to
preserve our human resources...by,'" among other things, "providing for research in
the field of occupational safety and health...and by developing innovative methods,
techniques, and approaches for dealing with occupational safety and health
problems." Later in the Act the National Institute for Occupational Safety and
Health (Centers for Disease Control, Atlanta, Georgia) is charged with carrying out
this policy. A principle means by which this information is communicated, is
through the publication by NIOSH of Technical Guidelines.

Technical Guidelines are published for the purpose of disseminating
comprehensive information about occupational hazards so that these hazards may be
reduced in order to prevent injury and disease among workers. Technical Guidelines
focus attention on occupational exposures which, though previously recognized, have
never before been subjected to systematic and comprehensive analysis. Technical
Guidelines present recommendations for reducing the hazards by a variety of means
including compliance with any existing pertinent regulations. The Guidelines may
also be used to support development of Federal safety and health standards.

Technical Guidelines are distributed to representatives of organized labor,
industry, public health agencies, academic institutions, and public interest
groups, as well as to those Federal agencies, such as the Department of Labor,
which have responsibilities for protecting the safety and health of workers. It is
our intention that anyone with the need to know should have ready access to the
information contained in these documents; we welcome suggestions concerning the
content, style, and distribution of them.

This document provides guidance for protecting workers in grain elevators and
feed mills. It was prepared by the staff of the Division of Safety Research,
NIOSH, (944 Chestnut Ridge Road, Morgantown, WV, 26505), in conjunction with the
Division of Standards Development and Technology Transfer, NIOSH (Robert A. Taft
Laboratories, 4676 Columbia Parkway, Cincinnati, OH, 45226). I am pleased to
acknowledge the many contributions to this document made by consultants; reviewers
selected by the National Grain and Feed Association (NFGA), the American Feed
Manufacturers Association (AFMA), the Grain Elevator and Processing Society
(GEAPS), the Rice Millers' Association (RMA), the American Federation of Grain
Millers (AFGM); and the Allied Industrial Workers of America (AIWA); other
reviewers; representatives of other Federal agencies; and, of course, the staff of
the Institute (a list of consultants reviewing the document appears on v).
However, responsibility for the conclusions reached and recommendations made
belongs solely to the Institute. All comments by reviewers, whether or
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The views expressed, conclusions reached and recommendations presented in this
report are those of the National Institute for Occupational Safety and
Health. They are the result of careful review of available literature, site
visits, review of existing industry guidelines and Federal safety standards,
and consideration of comments from external reviews,

This report was developed by the Division of Safety Research (DSR), National
Institute for Occupational Safety and Health. Mr. Ted A. Pettit and Mr. Peter
M. Bochnak, Standards and Consultation Branch, DSR, served as Project Officer
and Criteria Manager, respectively. Technical editing of this report was
provided by Herbert Linn, DSR. Support was provided under Contract No.
210-79-0024 by Boeing Aerospace Company, Houston, Texas.



ABSTRACT

This report presents the results of an investigation of worker safety in grain
elevators and feed mills. The investigation was conducted in order to develop
safe work practices and engineering controls which could be used to reduce the
number of accidents and injuries in the workplace and to train workers in the
identification and awareness of hazards and their controls.

A description of grain elevators and feed mills is included along with statis-
tical data correlating accidents with the population at risk. Specific haz-
ards associated with combustible dust are addressed, as well as other safety
hazards which may be encountered in the industry.

Guidelines are included for training, use of personal protective equipment,
control of combustible dust, control of ignition sources, emergency planning,
bin entry, isolation and lockouts, machine guarding, safe use of equipment and
tools, and other work practices which could reduce worker exposure to occupa-
tional safety hazards.

Existing national and international standards are reviewed and compared with
the developed guidelines. Recommendations for research are provided.
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I. INTRUDUCTION AND SCOPE

This report contains safe work practices and engineering controls which were
developed to reduce worker exposure to safety hazards in grain elevators and
feed mills. Workers may be exposed to hazards as the result of lack of knowl-
edge of the potential problems, inadequate training, or lack of implementation
of hazard controls. Workers are exposed to safety hazards associated with
fires and dust explosions, as well as other general safety hazards associated
with the daily handling, storage, and processing of grain. Workers may also
be subjected to health hazards as the result of exposures to grain dust and
pesticides. Primarily, this report addresses safety hazards. Health hazards
are discussed only to acknowledge their existence and the need for their con-
trol.

After evaluation of available data, guidelines have been developed to provide
for the safety of workers. The data base consists of information obtained
from literature searches, facility visits, and consultation with knowledgeable
individuals from industry, labor, government, and the academic community.

The guidelines are intended to cover all facilities classified as grain eleva-
tors or feed mills. Although it is recognized that some grain facilities,
such as rice mills, are less susceptible to dust explosions, no attempt has
been made to correlate the recommended guidelines with the relative hazard of
the commodity being handled. In general, all commodities should be consid-
ered hazardous unless it can be demonstrated otherwise through scientific
means or statistically. The majority of grain elevators and feed mills are
included in Standard Industrial Classification (SIC) Codes 5153 and 2048;
however, they may be coded otherwise in multibased establishments. The guide-
lines are intended primarily to reduce the number of accidents and injuries in
existing facilities. The recommendations are broad-based, to accommodate
variations between facilities and the wide range of operations and processes
encountered, and are performance oriented wherever possible. Many of the
recommendations, such as those addressing the use of protective equipment and
ladders, are consistent with the OSHA General Industry Standards contained in
29 CFR 1910. Other recommendations, such as those concerning dust control and
confined space entry, are addressed only generally in OSHA standards or not at
all. The recommendations are not intended to inhibit flexibility or to
restrict development of safer procedures or techniques. Instead, they should
enable management and labor to develop better work practices and more
appropriate training programs that will result in safer work enviromments.
Simply complying with the recommended guidelines should not be the final goal.

In spite of current efforts by government, industry, and labor, awareness of
hazardous conditions in grain-handling and grain-processing facilities is far
from universal. This report should be of value to both management and workers
as an aid in identifying hazardous conditions, implementing hazard controls,
and developing effective training programs.

Supporting information on the prevention of grain elevator and feed mill
explosions can be obtained from the National Academy of Sciences (NAS) report,
"Prevention of Grain Elevator and Mill Explosions," NMAB 367-2, which was
jointly funded by the National Institute for Occupational Safety and Health
(NIOSH), the Occupational Safety and Health Administration (OSHA), and the
U.S. Department of Agriculture (USDA). The systems approach was used in the



NAS report to 1identify grain elevator explosion hazards and develop
recommendations for preventive actions. Additional construction and design
techniques that should be considered when building new facilities or
renovating existing facilities are contained in National Fire Protection
Association (NFPA) Standards 61B-1980, '"Standard for the Prevention of Fires
and Explosions 1in Grain Elevators and Facilities Handling Bulk Raw
Agricultural Commodities," and 61C-1973, '"Standard for the Prevention of Fire
and Dust Explosions in Feed Mills."

Safety precautions related to the wuse of fumigants in grain-handling
facilities are included in NFPA 61B-1980, 'Standard for the Prevention of
Fires and Explosions in Grain Elevators and Facilities Handling Bulk Raw
Agricultural Commodities."

This report also identifies areas, such as dust control, bucket elevators,
explosion venting, and fire extinguishing methods, where additional research
is necessary and provides recommendations for this research.



II. DEFINITION OF THE PROBLEM

A. INTRODUCTION

There are approximately 15,000 grain-handling and grain-processing facilities
in the United States (1, 2]. These facilities include grain elevators, feed
mills, and other grain-processing plants. Many are multiuse facilities and
may be included in more than one classification.

Fires and explosions in these facilities have been reported in this country
and abroad for almost 200 years. This danger is ever-present in the industry
because of the physical characteristics of organic dust that is generated
while handling and processing grains. Also, workers are exposed daily to a
wide variety of other work-related hazards that are capable of causing bodily
injury, illness, and death.

This section describes grain elevators and feed mills and provides data corre-
lating accidents with the population at risk. Overall injury statistics are
presented along with data defining the number, causes, and locations of fire
and explosion incidents.

B. INDUSTRY DESCRIPTION

Grain elevators are establishments which provide storage space and serve as
collection and transfer points for grain and beans. Auxiliary operations such
as sampling, weighing, blending, drying, cleaning, and fumigating may be per-
formed. Feed mills are establishments engaged in the manufacture of feeds for
animals. A description of grain elevators and feed mills along with asso-
ciated operations is presented below.

1. Grain Elevators

Grain elevators may be classified as country elevators, inland terminals, or
export terminals [l]. Country elevators receive grain from farms for future
delivery to a terminal grain elevator or grain processor. Storage capacities
vary widely; however, country elevators typically have capacities of 100,000
to 1,000,000 bushels. Inland terminals receive grain from farms and country
elevators for direct export or delivery to grain processors or export
terminals. Inland terminals and export terminals are normally the largest
facilities, reaching capacities of over 10,000,000 bushels. Export terminals
have the highest grain-handling rates and are generally located at major trade
or export centers.

There were 9,472 country elevators, 413 inland terminals, and 82 export
terminals in operation in the United States during 1977-78 [3]. On the
average, from 2 to 4 people are employed in small country elevators and 40 to
50 in the terminals [4]. Grain elevators may operate year-round or
seasonally, with great fluctuations in the work force. Multishift operation
is common during peak periods. In addition to personnel employed by the grain
elevator, workers may include grain inspectors, maintenance and construction
crews, truck drivers, and longshoremen. An estimate of approximately 63,000
total workers for grain elevators can be arrived at by using an average of 4
workers for country elevators and 50 workers for terminals.



This estimate compares well with the Bureau of Census's '"1977 Census of
Wholesale Trade" which reports 70,059 workers (production and support staff)
for the grain elevator industry [5]. There are three general types of grain
elevator construction: concrete, steel frame, and wood frame. The newer
establishments are usually constructed of reinforced concrete or steel frames
sheathed with steel, although in some parts of the Northwest, wood is still
used for small elevator construction. Older establishments may be wood frame
structures, sometimes sheathed with steel [6].

Typically, there are two sections of a grain elevator: the storage bins and
the workhouse. Storage bins are usually built in the form of hollow, cylin-
drical towers also called silos. The workhouse contains several levels where
equipment for receiving, elevating, weighing, cleaning, and distributing grain
is located. It also contains bins for holding, shipping, and mixing pur-
poses. The height of the workhouse can reach 250 feet and is generally 40 to
60 feet higher than the storage bins. The additional height minimizes the
amount of mechanical transfer when moving grain, and provides the space needed
for the handling equipment. The terms "workhouse'" and "headhouse'" are usually
interchangeable, although sometimes that portion of the workhouse that extends
above the bins is called the headhouse because the head pulleys of the bucket
elevators are located there. 1In some facilities, elevating and distributing
equipment may be freestanding, eliminating the need for a workhouse . A gal-
lery usually covers the bin floor area and extends the length of the bins.
Enclosed conveyors or gravity spouts from the workhouse to the bins may elimi-
nate the need for this structure. A tunnel, which contains grain-conveying
equipment, is usually located at the bottom of the bins and extends the length
of the bin area. A typical terminal type grain elevator 1s shown sche-
matically in Figure 1.

Grain-handling operations are similar at all grain elevators; however, storage
capacities, handling speeds, equipment types, and specific operations may
differ extensively. Incoming grain may be received by truck, rail, or barge.
Most large facilities have hydraulic truck lift platforms. Hopper-bottom and
self-dumping trucks are also common. Rail receiving may be by hopper or box
cars. Box cars may be processed by hydraulic unloaders, which 1lift and tilt

the cars, or by front-end loaders or power shovels. Rail cars may be moved by
rail engines, other powered vehicles, or winches. Barges are usually unloaded
with movable marine bucket elevators. Final barge cleanout may be by front-end
loaders, power shovels, or vacuum systems.

Incoming grain inspection is usually accomplished by manually driving long
probes into the grain before the grain is unloaded. Unless a platform is pro-
vided, personnel must climb onto or into the vehicle to obtain samples. Sam-—
pling is accomplished mechanically in some facilities. Internal hopper scales
are used for weighing grain although platform scales are frequently located in
the truck receiving areas.

Grain movement throughout the grain elevator is accomplished primarily by bulk
conveyors, bucket elevators, and the associated gravity spouts and distribu-
tors. Conveyor types, in order of use, include continuous belt and drag and
screw conveyors. Drag and screw conveyors are normally enclosed.

Drying may be required if the grain has a high moisture content. Usually,
continuous—flow column dryers are used, but batch dryers are also used.
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Cleaning may be required to achieve desired grade levels. C(leaning is normal-
ly accomplished with simple screening machinery that may be shaken, rotated,
or slanted such that grain will flow across the surface.

Dust-collection systems are provided in many grain elevators. Dust pickup is
provided at selected locations of high grain turbulence and dust dispersal
such as receiving dumps and grain transfer points. Dust is pneumatically con-
veyed to collection devices, usually bag filters. Cyclone collectors have
been used extensively in the past, but currently are used much less because of
clean air laws which limit discharge of dust into the outside air. Dust may
be returned to the grain stream or stored for subsequent shipment from the
facility. Anderson and Foley [7] reported that of the dust separated from the
grain stream in elevators, 41.0% was added back to the grain stream, 33.9% was
sold or given to users, 17.6% was sent to landfills, 3.7% was exhausted to the
air, 3.1% was added to screenings, 0.3%Z was mixed with reground oat hulls,
0.3% was mixed with corncobs, and 0.1% was collected by a mist of water and
discharged into a ditch. In 55.8%Z of the elevators where dust was added back
to the grain stream, the dust was returned to the grain stream at the elevator
leg. Frequent housekeeping is usually required to prevent excessive accumula-
tion of dust even when a dust-collection system is used. Housekeeping 1is
usually accomplished with brooms, although vacuum systems are also used.

2. Feed Mills N

Feed milling is primarily a grinding and mixing process in which various
grains and grain byproducts are blended with protein concentrates, food
industry byproducts, vitamins, drugs, and minerals. In a study conducted in
1975 and reported in 1978, the U.S. Department of Agriculture cited 6,340
feed—manufacturing facilities producing over 100,000,000 tons of feed per
year. This figure included 4,454 facilities with outputs less than 10,000
tons per year, 1,329 facilities with outputs between 10,000 and 50,000 tons
per year, and 556 facilities with outputs of over 50,000 tons per year [8].
There was an estimated average of 57,500 workers in the feed mill industry
(1975-1980) (Table 1).

Incoming grain is generally received by truck or rail, or in some cases, from
an adjacent grain elevator. Receiving operations in mills are very similar to
those in grain elevators. However, receiving areas tend to be smaller, are
less likely to have facilities such as truck dump platforms, and generally
have much lower handling rate capacities.

Grain and feed handling is accomplished by bulk conveyors and bucket eleva-
tors. Systems are generally much smaller and slower than those 1in grain
elevators. Drag and screw conveyors are used more extensively and some
ingredients may be transferred pneumatically. Grain and major feed ingredi-
ents are stored in bins which are generally concrete silos or steel tanks.
Other ingredients, such as vitamins, minerals, and drugs, may be stored in
bags or barrels. Liquids, such as fats and molasses, are stored in tanks that
are frequently below the floor away from the main processing area.

Whole grain is ground prior to mixing. Hammer mills, roller mills, or other
types of grinders may be used to reduce the grain to the desired size. Grain,



liquids, and other ingredients are measured or weighed and blended in mixers.
Mixers generally contain helical ribbons or paddles attached to a horizontal
or a vertical shaft.

Some feed ingredients, especially grains, are routed through cleaning equip-
ment prior to grinding or mixing. Scalpers, which are cleaning machines with
various size screens, are frequently used to remove large oversize trash.
Also, scalpers may be used to separate feed into uniform sizes. Feed may be
pelletized by extruding steamed feed through dies of the desired size. Pel-
lets are usually air-cooled after extrusion. A crumbler, or roller mill, may
also be used to obtain the desired consistency. Pellets are passed between
rollers which are adjustable to obtain the proper spacing.

Dust-control equipment may be provided in areas of high dust generation, such
as receiving areas. Dust generation tends to be much less in feed mills than
in grain elevators because of slower grain transfer speeds, 1less grain
handled, and the tendency to use enclosed conveyors. Dust-control equipment
may also be provided in locations such as the bagging, grinding, and mixing
areas.

Feed may be shipped in bulk or bags. Bagging is frequently a semiautomatic
process where a set amount of feed is released from a holding bin into a bag
which is positioned by an operator. The bag is then sewed shut and routed to
the warehouse area. Storage and shipping of bagged grain usually takes place
in a warehouse adjacent to the feed-processing area. Bags may be handled
manually and/or stored on pallets. Pallets may be transported by 1lift trucks
or hand trucks.

C. INJURY STATISTICS
1. Injury Incidence Rates

The number and severity of injuries in grain elevators and feed mills may be
estimated from information reported by the Bureau of Labor Statistics (BLS),
U.S. Department of Labor [9-14]. Table 1 shows average annual employment and
incidence rates (per 100 full-time workers) from 1975 through 1980 for total
injury cases, lost workday cases, nonfatal cases without lost workdays, and
lost workdays. For comparison, average incidence and lost workday rates are
shown for specific industries (SIC Codes 204, Grain Mill Products; 2048,
Prepared Feeds; and 515, Farm Product Raw Materials) as well as for all
private sector industries combined. These data show a total of approximately
8,500 annual injuries (employment times total case incidence rate divided by
100) in feed mill establishments. Feed mills had an average injury incidence
rate of 14.8 and an average lost workday incidence rate (severity rate) of
112.3, which are respectively 1.7 and 1.9 times the average rates exhibited by
total industry.

The Bureau of Labor Statistics does not report data for the four-digit SIC
code 5153 which includes grain elevators. The three-digit SIC code 515, Farm
Product Raw Materials, includes other industries 1in addition to grain
elevators.

Currently, occupational accident and injury information from participating
states, derived from employers' first report of injury forms, is compiled and
reported by the BLS Supplementary Data System (SDS) [15]. Of the states which



Table 1
Average Occupational Injury Incidence Rates for

Selected Industries, 1975 - 1980

Incidence Rates per 100 Full-Time Workers

Employment Total Lost Nonfatal Cases Lost
Industry (Thousands Cases Workday w/o Lost Workdays Workdays
Per Year)
All 69,513.7 8.9 3.7 5.2 60.7
Grain Mill Prod-
ucts (SIC 204) 141.3 14.9 6.7 8.2 118.3
Prepared Feeds
(SIC 2048) 57.5 14.8 6.7 8.1 112.3
Farm Product Raw
Materials (SIC 515) 138.8 8.9 4.3 4.6 67.1

Reported by the Bureau of Labor Statistics, U.S. Department of Labor [9-14].
Note: Data for 1977 - 1979 were not reported for SIC 515, and employment for
SIC 515 was reported for 1976 only.

report SIC 5153 and 2048 injury data to SDS, a total of 18 states also
reported average grain-handling activity for the years 1977-1980 (Table 2).
The proportion of total grain-handling activity based on average off-farm
storage facilities, off-farm storage capacities, and total crop production
(1977-1980) for these states, as a percentage of national figures, was 45.7%,
43.0%, and 52.2% respectively. Table 2 contains the SDS injury data, reported
between 1977 and 1980, for the states that reported both injury statistics for
Grain Elevators (SIC 5153) and Feed Mills (SIC 2048) and data on off-farm
storage facilities, off-farm storage capacities, and total crop production
[1,16,17].

Additional information on grain elevators and grain mills is included in the
1977 edition of "Accident Facts' prepared by the National Safety Council (NSC)
[18]. This edition records the results of a 3-year study performed on the
basis of reports to the NSC. Table 3 includes injury frequency rates and
severity rates per 1,000,000 hours for grain mills and grain elevators for the
3-year period from 1974 through 1976. The rates are not directly comparable
to the BLS data since: (1) The NSC base of 1,000,000 hours corresponds to 500
full-time workers rather than 100 full-time workers, (2) the NSC data include
only disabling work injuries while the BLS data include total injuries, and
(3) NSC and BLS accident reporting requirements differed during the 3-year
period. The data presented by the NSC over the 3-year period are most
important when compared with the overall industry rates. For grain mills



Table 2

Grain Elevators (SIC 5153) and Feed Mills (SIC 2048) Injury

Distribution and Grain-Handling Activity in
SDS Reporting States for 1977-19801

Injuries per year

Of f-Farm Storage

Off-Farm Storage Total Grain

Capacity/Year

Production3

State? SIC 2048 SIC 5153 S1C 2048 & 5153 Facilities/Year (X 1,000 bu.) (X 1,000 bu.)
Arkansas (3) 83.0 3.7 86.7 271.0 203,157 255,720
Colorado (4) 46.0 67.0 113.0 202.3 93,040 162,993
Delaware (4) 4.8 1.3 6.0 27.8 17,573 25,824
Idaho (4) 140.3 189.5 329.8 235.0 68,405 137,059
Iowa (4) 126.5 137.8 266.8 1,136.0 651,388 1,819,755
Kentucky (4) 67.5 39.0 106.0 204.3 49,228 171,792
Michigan (4) 23.3 43.8 67.0 366.8 92,008 241,463
Minnesota (4) 108.0 236.3 319.3 892.5 377,425 1,034,433
Missouri (4) 459.8 206.5 666.3 613.3 210,908 447,327
Montana (4) 111.3 136.3 247.5 291.5 52,743 213,393
Nebraska (4) 503.5 531.5 1,030.5 733.3 498,440 1,024,759
New York (3) 69.3 9.3 80.3 239.3 66,437 68,930
Oregon (4) 50.8 39.5 90.3 237.0 65,075 66,785
South Dakota (3) 59.0 247.7 306.7 387.0 84,270 400,505
Tennessee (4) 64.8 8.9 73.5 138.8 49,148 110,959
Utah (4) 39.5 16.5 56.0 58.3 17,288 14,951
Washington (3) 71.0 237.0 308.0 323.3 189,170 168,468
Wisconsin (4) 128.8 23.0 151.8 579.0 125,023 342,340
Total 2,157.2 2,174.6 4,035.5 6,936.5 2,910,726 6,707,456
National Total 15,171 6,762,807 12,856,760
% of National 45.7 43.0 $2.2

1 Compiled from BLS, Supplementary Data System [17] and data from U.S. Department of Agriculture [16].

2 Number of years reporting (3 or 4).

3 Reported for 1978 only.



(corresponding to the three—-digit SIC code 204), the frequency rate of
disabling 1injuries 1is approximately 1.7 times higher than the industry
average, with the severity rate approximately 2.1 times higher than the
industry average. For grain elevators (corresponding to the four-aigit SIC
code 5153), the frequrency rate 1s approximately 1.5 times higher than the
industry average; however, the severity rate is approximately 5.8 times as
high. Comparable records more recent than 1976 are not available.

Also of interest are data included in Table 4, which address occupational
injury and illness rates by employment size. For Grain Mill Products, the
lowest incidence rates are achieved by employers with over 1,000 or less than
20 personnel. For Farm Products Raw Materials, a similar trend exists, with
the lowest rates achieved by those companies employing the most and least
number of workers.

2. General Accident Statistics

The purpose of the SDS system is to report occupational accident/injury
information in sufficient detail to alert users to patterns and relationships
of injury causal factors. Information from the workers' compensation first
report of injury forms is entered into each of four major groupings [15]:

o) Source of injury
) Type of accident
o Nature of injury
o Part of body affected.

Tables 5 and 6 summarize the SDS accident/injury data for teed mills and grain
elevators.

The information presented in Tables 5 and 6 is sufficient to detail the most
prevalent natures of injuries incurred in feed mills (sprains and strains,
32.8%; cuts, 16.1%; and contusions, 14.5%) and the most common parts of the
body injured (back 20.1%; fingers, 12.8%; and eyes, 7.4%). This information
also details the most prevalent natures of injuries incurred in grain
elevators (sprains and strains, 27.5%; cuts, 16.2%; and contusions, 13.7%) and
the most common parts of the body injured (back, 17.8%; fingers, 11.1%; and
eyes, 7.44). However, the depth of analysis offered is insufficient for the
purposes of defining actual accident causal factors beyond the quantification
of incidents associated within the broad injury source categories (working
surfaces, metal items, boxes, etc.).

3. Supplementary Data System - Accident/Injury Analysis

The SDS differentiates the major '"source of injury" categories into nearly 300
subcategories [15]. These categories are representative of tools and/or
equipment used in all varieties of manufacturing processes in all types of
industries. In many instances, the "source of injury" categories are still
not wuseful {for the purposes of quantifying accidents specific to grain
elevator and feed mill industries. An additional constraint in the
applicability of the data base is that some of the tools and equipment used in
grain elevators and feed mills are fairly unique to the industries (e.g.,

10



Table 3

Industry Injury Rates

FREQUENCY RATE
DISABLING WORK INJURIES
PER 1,000,000 HOURS

SEVERITY RATE
WORKDAYS LOST
PER 1,000,000 HOURS

INDUSTRY 1974 TO 1976 1974 TO 1976
All 10.87 668
Grain Mills 18.70 1,389
Grain Elevators 16.64 3,902

Reported by the National Safety Council [18].

Table 4

Occupational Injury and Illness Incidence Rates,
Private Sector, By Industry and Employment Size,

United States, 1976

SIC
INDUSTRY AND EMPLOYMENT SIZE CODE

MEAN INCIDENCE RATE
PER 100 FULL-TIME WORKERS

Grain Mill Products 204
All Sizes
1 to 19
20 to 49
50 to 99
100 to 249
250 to 499
500 to 999
1,000 to 2,499

w

Farm Product Raw Materials 1

All Sizes

1 to 19

20 to 49

50 to 99
100 to 249
250 to 499
500 to 999

il —
SO0 N0oOoWLm
. * e

.
[o o 3e W, B RN, I s R o

Reported by the Bureau of Labor Statistics, U.S. Department of Labor [10].
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Table 5

Summary of SDS Accident/Injury Profile, 1976-1979,
for the Feed Mill Industry (SIC 2048)

No. of No. of
Accidents % Accidents A

Source of Injury Type of Accident

Boxes, barrels, containers 1580 15.4 Overexertion 2162 21.2
Working surfaces 1433 14.0 Struck by 2063 20.2
Metal items 1114 10.9 Struck against 1064 10.4
Vehicles 1060 10.4 Fall from elevation 903 8.8
Bodily motion 600 5.9 Caught in, under, or between 874 8.6
Machines 582 5.7 Fall on same level 852 8.3
Handtools, not powered 511 5.0 Bodily reaction 646 6.3
Buildings and structures 241 2.3 Rubbed or abraded 492 4.8
Wood items 234 2.3 Contact with caustics 379 3.7
Particles 211 2.1 Motor vehicle accidents 239 2.3
All other classifiable 2299 22.5 All other classifiable 333 3.3
Nonclassifiable 361 3.5 Nonclassifiable 219 2.1
Nature of Injury Part of Body Injured

Sprains, strains 3351 32.8 Back 2051 20.1
Cut 1647 16.1 Finger(s) 1313 12.8
Contusion 1487 14.5 Eye(s) 755 7.4
Fracture 869 8.5 Hand 529 5.2
Scratches 464 4.5 Multiple parts 529 5.2
Burn (heat) 217 2.1 Foot (not ankle or toes) 482 4.7
Dislocation 191 1.9 Ankle 421 4.1
Hernia 152 1.5 Knee 418 4.1
Multiple injuries 137 1.3 Wrist 318 3.1
Amputation 119 1.2 Chest 317 3.1
All other classifiable 977 9.6 All other classifiable 2993 29.2
Nonclassifiable 615 6.0 Nonclassifiable 100 1.0

Compiled from Bureau of Labor Statistics' Supplementary Data System [17].
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Table 6

Summary of SDS Accident/Injury Profile, 1976-1979,
for the Grain Elevator Industry (SIC 5153)

No. of No. of
Accidents % Accidents
Source of Injury Type of Accident
Working surfaces 1237 16.6 Struck by 1528
Metal items 994 13.3 Overexertion 1209
Boxes, barrels, containers 720 9.7 Fall from elevation 831
Vehicles 712 9.6 Struck against 796
Bodily motion 460 6.2 Caught 1in, under, or between 671
Handtools, not powered 403 5.4 Fall on same level 656
Machines 360 4.8 Bodily reaction 496
Wood items 235 3.2 Contact with caustics 335
Chemicals and chemical
compounds 197 2.6 Rubbed or abraded 326

Buildings and structures 187 2.5 Motor vehicle accidents 166
All other classifiable 1709 22.9 All other classifiable 273
Nonclassifiable 241 3.2 Nonclassifiable 168
Nature of Injury Part of Body Injured
Sprains, strains 2047 27.5 Back 1329 17.8
Cut 1210 16.2 Finger(s) 826 11.1
Contusion 1021 13.7 Eye(s) 550 7.4
Fracture 857 11.5 Multiple Parts 448 6.0
Scratches 374 5.0 Foot (not ankle or toes) 397 5.3
Dislocation 189 2.5 Hand 375 5.0
Multiple injuries 155 2.1 Ankle 343 4.6
Hernia 150 2.0 Knee 314 4.2
Burn (chemical) 120 1.6 Chest 265 3.6
Burn (heat) 97 1.3 Shoulder 196 2.6
All other classifiable 739 9.9 All other classifiable 2324 31.2
Nonclassifiable 496 6.7 Nonclassifiable 88 1.2

Compiled from Bureau of Labor Statistics' Supplementary Data System [17].



hammer mills, grain dryers, bucket elevators, and scalpers) and are not
individually categorized. Accident and injury data from these specific
sources are frequently grouped by the SDS into categories such as "Not
Elsewhere Classified.”

A further difficulty encountered in the data base, when using it for analysis
of accident causal factors, is that, by definition, the "source of injury" is
the object identified as most responsible for causing the injury. This may,
in fact, not be directly associated with the actual cause of the accident.
For example, if a worker cuts his finger while using a saw, the "source of
injury” is the saw, which also is the tool most clearly associated with the
accident causal factor. However, if a worker falls from a ladder and
fractures his leg on the floor of the facility, the "source of injury" is the
floor, which probably contributed very 1little to the actual cause of the
accident.

However, once the data constraints of the SDS reporting system are recognized,
the information included can be applied to further identify some of the
hazards associated with tasks, tools, and equipment used in grain elevators

and feed mills. A computer analysis was performed on the four classifications

of information reported to the SDS in 1976 - 1979. 1In the cross analysis, the
“source of injury" was cross-tabulated with the "type of accident", '"nature of
injury"”, and "body part."

The analysis of the SDS accident/injury data was performed for 39 "source of
injury"” categories that identified tools/tasks/equipment used in feed mill
operations and for 38 '"source of injury" categories 1in grain elevator
operations. A total of 10,226 injuries were reported to the SDS data base
from the feed mill industry in 1976 - 1979; 7,370 were included in the cross
analysis. A total of 7,455 injuries were reported to the SDS data base from
the grain elevator industry in 1976 - 1979; 5,266 were included in the cross
analysis. The remaining cases fell into categories that were not related to
the industry, categories too general to be beneficial to the accident
analysis, or "source" categories that were numerically/statistically
insignificant. The results of the cross analysis of the SDS data are
summarized in Tables 7 and 8. The total number of accidents/injuries appears
in the "Source of Injuries" column. The numbers that define the "Type of
Accident", "Nature of Injury", and "Body Part Injured" are the most frequent
subcategories in each major heading and are not expected to total with the
"Source of Injury" number. This information does not define actual accident
causal factors; rather, it demonstrates relationships between tools and
equipment used in grain elevator and feed mill operations and general accident
and injury classifications.

D. FIRE AND EXPLOSION STATISTICS

The threat of dust fires and explosions and the corresponding severity of
injuries and damage prompts the greatest safety concern in grain-handling and

grain-processing facilities. Of all the industrial dust explosions in the
United States, those in grain elevators are the most frequent and cause the
most injuries and property damage [61]. According to Theimer [19}], the

National Fire Protection Association stated about 48 percent of the total
number of dust explosions in the United States during the period from 1900 to

14
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Summary of Cross-Analysis Tabulation of SDS Accident/Injury Profile, 1976-1979,

Table 7

for the Feed Mill Industry (SIC 2048)

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number
Boxes, Barrels,
Containers, Packages
Containers, N 1010 Overexertion in 624 Sprains, strains 780 Back 600
lifting objects
Overexertion, N 128
Overexertion in 78
holding
Boxes, crates, 147 Overexertion in 85 Sprains, strains 90 Back 68
Cartons lifting objects Contusion 20
Struck by falling 19
object
Barrels, keys, drums 118 Overexertion in 31 Sprains, strains 35 Finger(s) 34
lifting objects Contusion 23 Back 24
Struck by falling 21 Cut 18
object Fracture 17
Boxes, barrels, con- 99 Overexertion in 65 Sprains, strains 77 Back 53
tainers, packages lifting objects Shoulder(s) 11
Bundles, bales 97 Overexertion in 49 Sprains, strains 63 Back 38
lifting objects Abdomen 11
Struck by falling 19 Shoulder(s) 10
object
Tanks, bins 87 Struck against 14 Sprains, strains 28 Back 20
stationary object Cut 20 Finger(s) 18
Struck by, N 10 Contusion 12
Overexertion in 10
lifting objects
Working Surfaces
Floor 478 Fall to the walkway 210 Sprains, strains 179 Back 87
Fall from ladders 69 Contusion 110 Knee 53
Fall to lower level, N 60 Fracture 93 Ankle 49
Fall on same level 29 Multiple parts 49
Fall on stairs 23
Ground 445 Fall from vehicles 132 Sprains, strains 184 Back 81
Fall to the walkway 95 Fracture 80 Ankle 67
Fall to lower level, N 58 Contusion 76 Multiple parts 40
Wrist 35
Working surfaces 170 Fall to the walkway 73 Sprains, strains 73 Knee 26
Contusion 32 Back 25
Ankle 22
Working surfaces, N 157 Fall to the walkway 46 Sprains, strains 62 Back 29
Fall from vehicles 29 Contusion 35 Ankle 26
Stairs, steps 89 Fall on stairs 78 Sprains, strains 29 Back 16
Contusion 28 Multiple parts 14
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Summary of Cross-Analysis Tabulation of SDS Accident/Injury Profile, 1976-1979,
for the Feed Mill Industry (SIC 2048) (Continued)

Table 7

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number

Metal Items

Metal items, N 543 Struck by, N 95 Cut 187 Eye 117
Struck by falling 89 Scratches 96 Finger(s) 112
object Contusion 87
Struck against sta- 85
tionary object
Rubbed by foreign 75
matter in eyes

Metal items 259 Struck against sta- 48 Cut 105 Eye 57
tionary object Finger(s) 47
Rubbed by foreign 33
matter in eyes
Struck by, N 29

Pipe 92 Struck by falling 17 Contusion 25 Finger(s) 11
object Cut 24 Foot 10
Struck against sta- 15 Sprains, strains 22
tionary object
Struck by, N 15

Beams, bars 78 Struck by falling 18 Contusion 30 Back 14
object Finger(s) 10
Struck by, N 18

Nails, spikes 61 Struck against sta- 43 Cut 58 Foot 42
tionary object

Vehicles

Highway vehicles, powered 432 Overturned 76 Contusion 118 Multiple parts 78
Struck against sta- 60 Spraina, strains 93 Back 54
tionary object

Handtrucks 259 Struck by, N 65 Contusion 91 Back 49
Struck by falling 53 Sprains, strains 88 Foot 38
object
Overexertion in 40
pulling objects

Forklift 144 Struck by, N 36 Contusion 65 Foot 30
Caught in, under, or 26 Fracture 20 Finger(s) 19
between a moving and
a stationary object

Vehicles 137 Struck against sta- 30 Sprains, strains 39 Multiple parts 23
tionary object Contusion 26 Finger(s) 17
Struck by, N 18

Rail vehicles 60 Struck against sta- 16 Sprains, strains 23 Back 10
tionary object Contusion 14 Finger(s) 10
Overexertion in 13

pulling objects
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Table 7

Summary of Cross~Analysis Tsbulastion of SDS Accident/Injury Profile, 1976-1979,
for the Feed Mill Industry (SIC 2048) (Continued)

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number
Bodily Motion 600 Bodily reaction by 298 Sprains, strains 505 Back 226
involuntary motions Ankle 109
Bodily reaction by 217

voluntary motions

Handtools, Not Powered

Knives 200 Struck by, N 165 Cut 190 Finger(s) 82
Hand 35
Handtools, not powered, N 69 Struck by, N 27 Cut 32 Finger(s) 19
Hammers, sledges, mallets 67 Struck by, N 36 Contusion 22 Finger(s) 19
: Cut 16 Hand 11
Shovels, spades 61 Overexertion in 20 Sprains, strains 49 Back 42
holding
Wrenches 57 Struck by, N 28 Sprains, strains 14 Back 13
Machines
Machines, N 219 Caught in, under, or 50 Cut 62 Finger(s) 87
between Contusion 45 Hand 29
Struck against sta- 41 Spraing, strains 39 Back 25
tionary object
Caught in, under, or 25

between in-running or
meshing objects

Agricultural machines, N 77 Struck against sta- 18 Cut 31 Finger(s) 16
tionary object Sprains, strains 15 Hand 13
Struck by, N 8 Back 10
Caught in, under, or 7
between, N

Particles 211 Rubbed by foreign 157 Scratches 131 Eye 200
matter in eyes

Wood Items

Wood items 104 Struck by, N 16 Cut 27 Finger(s) 21
Overexertion in 11 Sprains, strains 19 Eye(s) 15
lifting objects Contusion 19 Back 12

Skids, pallets 91 Struck by falling 30 Sprains, strains 30 Back 25
object Fracture 12 Foot 14
Overexertion in 13

lifting objects
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Summary of Cross—Analysis Tabulation of SDS Accident/Injury Profile, 1976-1979,
for the Feed Mill Industry (SIC 2048) (Continued)

Table 7

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number

Conveyors

Powered conveyors 137 Caught in, under or 22 Cut 42 Finger(s) 49
between, N Fracture 30 Head 10
Caught in, under, or 21 Sprains, strains 22 Foot 10
between in-running
or meshing objects
Struck against sta- 15
tionary object

Conveyors 56 Struck against sta- 12 Cut 19 Finger(s) 18
tionary object Contusion 15
Caught in, under, or 11
between, N

Buildings and Structures

Doors, gates 123 Caught in, under or 23 Contusion 36 Finger(s) 35
between, N Cut 27 Back 14
Struck by, N 20 Sprains, strains 26
Struck against sta- 20
tionary object

Buildings and structures, N 57 Struck against sta- 23 Contusion 16 Finger(s) 7
tionary object Cut 12 Chest 6
Fall onto or against 14 Knee 6
objects

Chemicals and Chemical 143 Contact by absorption 65 Burn (chemical) 48 Eye(s) 59

Compounds, N Contact by inhalation 25 Scratches 22 Multiple parts 16
Rubbed by foreign 23 Respiratory system 15
matter in eyes

Grains and Grain Products 69 Overexertion in 22 Sprains, strains 24 Eye(s) 17
lifting objects Scratches 12 Back 17
Contact by inhalation 8
Contact by adsorption 8

Flame, Fire, Smoke 67 Contact with hot 53 Burn (heat) 53 Multiple parts 26
objects or substances Respiratory system 8
Contact by inhalation 8

Compiled from Bureau of Labor Statistics' Supplementary Data System [17].

Note: N = Not Elgewhere Classified
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Table 8

Summary of Cross-Analysis Tabulation of SDS Accident/Injury Profile, 1976-1979,
for the Grain Elevator Industry (SIC 5153)

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number
Working Surfaces
Ground 485 Fall from vehicles 155 Sprains, strains 184 Back 116
Fall to the walkway 85 Fracture 104 Ankle 76
Fall on same level, N 54 Knee 40
Floor 279 Fall to the walkway 76 Sprains, strains 99 Back 60
Fall from ladders 47 Fracture 59 Ankle 26
Fall to lower level, N 33 Contusion 55 Multiple parts 22
Working surfaces, N 224 Fall to the walkway 54 Sprains, straing 66 Back 39
Fall to lower level, N 39 Contusion 51 Ankle 38
Fracture 48 Foot 21
Working surfaces 129 Fall to the walkway 52 Sprains, strains 55 Multiple parts 22
Contusion 28 Back 19
Fracture 27
Stairs, steps 52 Fall on stairs 33 Sprains, strains 15 Mouth 9
Contusion 14 Back 7
Ankle 5
Metal Items
Metal items, N 494 Struck by, N 116 Cut 224 Finger(s) 109
Struck against sta- 72 Scratches 72 Eye(s) 87
tionary object Fracture 59 Hand 43
Struck by falling 67 Contusion 54
object
Metal items 173 Struck against sta- 28 Cut 71 Finger(s) 28
tionary object Fracture 24 Eye(s) 26
Struck by falling 25 Contusion 21 Hand 17
object Sprains, strains 20
Struck by 25 Scratches 9
Nails, spikes 117 Struck against sta- 76 Cut 110 Foot 76
tionary object
Beams, barsa 67 Struck by, N 26 Contusion 21 Head 13
Struck by falling 16
object
Pipe 43 Struck by falling 10 Cut 19 Hand 9
object Sprains, strains 8 Back 8
Struck by, N 10
Overexertion in 8

lifting objects
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Table 8

Summary of Cross-Analysis Tabulation of SDS Accident/Injury Profile, 1976-1979,

for the Grain Elevator Industry (SIC 5153) (Continued)

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number

Boxes, Barrels, Containers,

Packages

Containers, N 527 Overexertion in 307 Sprains, strains 346 Back 269
lifting objects
Overexertion 62

Boxes, crates, cartons 66 Overexertion in 32 Sprains, strains 22 Back 34
lifting objects Contusion 19 Chest 8

Barrels, kegs, drums 47 Overexertion in 19 Sprains, strains 29 Back 24
lifting objects

Bundles, bales 47 Overexertion in 27 Sprains, strains 27 Back 19
lifting objects Hernia 11 Abdomen 13

Tanks, bins 33 Struck against sta- 5 Contusion 10 Back 9
tionary object Sprains, strains 10 Finger(s) 5
Overexertion in 4
lifting objects

Vehicles

Highway vehicles, powered 340 Struck against sta- 33 Contusion 82 Multiple parts 72
tionary object Fracture 79 Back 32
Collision with 31 Chest 32
oncoming vehicle
Overturned 29

Handtrucks 75 Struck by falling 17 Sprains, strains 28 Back 12
object Contusion 21 Chest 8
Overexertion in 12 Foot 7
pulling

Forklift 72 Struck by, N 13 Contusion 20 Foot 15
Caught in, under, or 12 Fracture 18 Toe(s) 8
between a moving and
stationary object

Rail vehicles 59 Struck against sta- 18 Sprains, strains 16 Back 11
tionary object Contusion 11 Leg 9
Struck by, N 9
Overexertion in 6
pulling

Bodily Motion 460 Bodily reaction by 197 Sprains, strains 348 Back 170
involuntary motions Knee 69
Bodily reaction by 192 Ankle 69
voluntary motions

Machines

Machines, N 148 Caught in, under, or 45 Cut 37 Finger(s) 38
between, N Fracture 30 Hand 23
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Table 8

Summary of Cross-Analysis Tabulation of SDS Accident/Injury Profile, 1976-1979,
for the Grain Elevator Industry (SIC 5153) (Continued)

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number
Agricultural machines, N 89 Overexertion in 16 Cut 20 Abdomen 14
lifting Contusion 18 Toe(s) 13
Caught in, under, or 12 Fracture 17
between in-running or
meshing objects
Struck by, N 12
Wood Items
Wood items 96 Struck by, N 21 Cut 25 Finger(s) 16
Overexertion in 17 Contusion 22 Eye(s) 12
lifting objects Sprains, strains 20 Back 11
Wood items, N 58 Struck against sta- 12 Cut 21 Eye(s) 14
tionary object Scratches 13 Finger(s) 11
Rubbed by foreign 10
matter in eyes
Lumber 51 Struck by falling 16 Sprains, strains 12 Finger(s) 8
object Cut 11 Back 7
Overexertion in 7 Contusion 11
lifting objects
Skids, pallets 30 Struck by falling 17 Contusion 16 Foot 10
object
Handtools, Not Powered
Handtools, not powered, N 57 Struck by, N 27 Cut 18 Finger(s) 11
Lower leg 10
Hammer s 43 Struck by, N 24 Cut 16 Finger(s) 15
Fracture 10
Shovels 43 Overexertion in 20 Sprains, strains 26 Back 22
holding
Wrenches 42 Struck by falling 13 Fracture 16 Chest 11
object Sprains, strains 11
Struck by 6
Overexertion in 5
pulling
Particles 169 Rubbed by foreign 123 Scratches 140 Eye(s) 155
matter in eyes
Chemicals and Chemical 167 Contact by absorption 104 Burn (chemical) 90 Eye(s) 48
Compounds, N Contact by inhalation 35 Poisoning effects due 10 Multiple parts 38
to toxic materials Respiratory system 27
Conveyors
Powered conveyors 88 Caught in, under, or 16 Cut 26 Finger(s) 21
between, N Sprains, strains 19 Back 10
Caught in, under, or 11
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Table 8

Summary of Cross-Analysis Tabulation of SDS Accident/Injury Profile, 1976-1979,

for the Grain Elevator Industry (SIC 5153) (Continued)

Source of Injury Number Type of Accident Number Nature of Injury Number Body Part Injured Number
Conveyors 58 Caught in, under, or 12 Contusion 18 Finger(s) 14
between, N Cut 15 Back 8
Overexertion in 10 Sprains, strains 9
lifting objects
Flame, Fire, Smoke 105 Contact with hot 79 Burn (heat) 54 Multiple parts 64
objects or substances Multiple injuries 27
Buildings and Structures 99 Struck by, N 19 Contusion 29 Finger(s) 25
(doors, gates) Caught in, under, or 12
between, N
Grains and Grain Products 89 Contact by inhalation 31 Scratches 18 Respiratory system 32
Rubbed by foreign 14 Sprains, strains 16 Eye(s) 21
matter in eyes
Overexertion in 10
lifting objects
Mechanical Power 45 Caught in, under, or 6 Fracture 8 Finger(s) 14
Transmission (chains, between, N Sprains, strains 8 Back 4
ropes, cables) Overexertion in 4

Compiled from Bureau of Labor Statistics' Supplementary Data System [17].

Note: N = Not Elsewhere Classified

pulling



1956 have occurred in industries handling grain, feed, and flour. Information
presented by Chiotti and Verkade [6] for the 18-year period from 1958 through
1975 includes records of dust explosions in 137 grain elevators and 50 feed
and cereal mills in the United States, resulting in 336 injuries and 51 deaths.

A later listing of explosions was compiled and individually verified by the
United States Department of Agriculture (USDA) [l] from several sources,
including Chiotti and Verkade [6]. This USDA compilation includes 250 explo-
sions in U.S. grain elevators and feed mills in the 2l-year period from 1958
through 1978 which resulted in 605 injuries and 164 deaths. A recently up-
dated USDA compilation includes 434 explosions in U.S. grain-handling facili~
ties 1in the 25-year period from 1958 through 1982 which resulted in 776
injuries and 209 deaths [20]. Yearly explosions ranged from a high of 45
incidents during 1980 to a low of 8 incidents during 1961 and 1965. The
number of deaths per year ranged from O to 65, but normally was 8 or less.
Chiotti and Verkade and the USDA both reported the lack of an accurate,
comprehensive, and uniform reporting system, indicating that many additional
incidents may not have been recorded.

The probable ignition sources in the 250 explosion incidents (1958 through
1978) compiled by the USDA [l] are listed in Table 9. It is important to note
that in 103 of the 250 incidents, the probable ignition source is unknown
largely because of the lack of formal accident investigations. In other
cases, the probable ignition source was reported on the basis of speculation
by inexperienced investigators. Where the probable ignition source was
reported, 43 incidents were attributed to welding or cutting. The next three
most probable ignition sources are electrical failure, tramp metal, and fire
other than welding or cutting. The probable locations of the primary explo-
sions in the cases compiled by the USDA are presented in Table 10. The proba-
ble location is unknown in 107 of the 250 incidents. Where the probable loca-
tion was reported, bucket elevators accounted for 58 of the 143 reported
incidents (41%), followed by grinding equipment and storage bins in 17 (12%)
and 13 (9%) incidents, respectively.

The USDA report [l] also estimated fire experience for the period from 1958
through 1975 on the basis of data provided by the National Fire Protection
Association. The number of fires in the grain-handling industry during this
18-year period averaged about 2,700 incidents per year. On the basis of
limited data, the USDA indicated that these numbers may have been understated
by at least a factor of 2. Fires in grain elevators and feed mills result in
the loss of millions of dollars in both direct expenses and lost time.

E. SUMMARY AND CONCLUSIONS

The explosion hazard of grain dust has been known for many years. The U.S.
Department of Agriculture has compiled a listing of 434 explosion incidents in
grain elevators and feed mills in the United States over the 25-year period
from 1958 through 1982. These incidents resulted in 776 injuries and 209
deaths. Explosions in recent years, with the attendant loss of 1life and
injuries to personnel, have focused attention on these spectacular disasters.
In addition, available BLS statistics indicate that feed mills {2048) had an
average injury incidence rate of 14.8 and an average severity rate of 112.3.
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Table 9

Probable Ignition Sources

Number of

Percent of

Facilities Facilities
Unknown 103 41.
Welding or cutting 43 17.
Electrical failure 10 .
Tramp metal 10 .
Fire other than welding or cutting 10 .

Unidentified foreign objects
Friction from choked leg
Overheated bearings

Unidentified spark

Friction sparks

Lightning

Extension cords caught in legs
Faulty motors

Static electricity

Fire from friction of slipping belt in leg
Leaking flammable vapor
Smoldering grain or meal handled
Smoking material

Lighted firecracker

Volatile chemical escaped from soybean processing

Fire from cob pile outside facility
Heating system

Pocket of gas in bin ignited
Extinguishing fire

Leak in gas pipe ignited

Electric control panel exploded
Slipping conveyor belt
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Sample size

Reported by U.S. Department of Agriculture {[1].
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Table 10

Probable Location of Primary Explosion

Number of Percent of

Facilities Facilities
Unknown 107 42,
Bucket elevator 58 2
Hammermills, roller mills, or other grinding equipment 17 .
Storage bins or tanks 13 .
Headhouse .
Adjacent or attached feed mill .
Basement .

Processing equipment
Dust collector

Tunnel

Distributor heads
Passenger elevator or manlift shaft
Grain drier

Outside and adjacent to facility
Pellet collector
Conveyor system
Receiving pit

Other handling equipment
Processing plant

Down spout

Corn tester

Feed room

Sampler

Storage room

Boiler or feed mill
Electrical switch

Auger conveyor
Electrical panel
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Sample size - 250 100.0

Reported by U.S. Department of Agriculture [1].
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From the statistics reported in this chapter, it appears that solutions for
prevention of fire and explosion and reduction in work-related injuries are

necessary.

Although solutions to the fire and explosion problem must be derived and
implemented, overall safety cannot be achieved unless additional effort 1is

made to reduce the number of other work-related injuries.
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I1I. IDENTIFICATION OF THE HAZARDS

A. INTRODUCTION

Workers in grain elevators and feed mills are exposed to a wide variety of
conditions in the performance of their everyday tasks which could lead to
accidents and injuries. This section addresses in detail hazards associated
with fires and explosions as well as other applicable industrial hazards.
Health hazards are included primarily to acknowledge their existence and the
need for their control. Also included are case histories of accidents/
incidents that might have been prevented if safe work practices had been
observed or if engineering or management controls had been instituted.

B. FIRES AND EXPLOSIONS

1. Components of a Grain Dust Explosion

For a grain dust explosion to occur, the following conditions must be met:
o Grain dust must be present.
o An ignition source must be present.

o Oxygen must be present in a concentration to sustain rapid
combustion.

o The grain dust must be well mixed with the oxygen at a concentration
above the lower explosive limit.

o Ignition must occur in an enclosed space.

The above five conditions are also referred to as the "explosion pentagon" [2,

21].

Kauffman [21] states that for an explosion to occur, dust must be well mixed
with air from both the chemical and physical points of view. For heterogene-
ous combustion, the rate of reaction is dependent upon the surface area of the
dust particles. Small particles may be easily dispersed ensuring that the
maximum available surface area is in contact with the surrounding air. If
combustion initiates in this mixture, confinement causes an increase in pres-
sure. The high pressure gases resulting from the combustion process will try
to flow toward a low pressure area, thereby creating a flow velocity which
ensures the mixing of more dust with the air. The rate of combustion in-
creases with increasing pressure, thereby creating even more high pressure
gases, thus resulting in an explosion. If the requirements for mixing or con-
finement are not met, a fire rather than an explosion may result.

It is possible to prevent an explosion by deleting any one of the five condi-
tions. In any fire and explosion protection program, these conditions must be
eliminated or controlled so that a fire and/or explosion will not occur [21].
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2. Dust Concentration

Grain breakage occurs initially at harvest and continues through each subse-
quent handling. Particles range in size from respirable particles of about 17
microns or less to particles of 120 microns or more [2]. The dust may be
suspended in the air, settled out onto horizontal surfaces, or adhered to
vertical surfaces.

In contrast to gaseous mixtures, the lower explosive limit for grain dust 1is
not well defined, and different values can be found for the same kind of dust
[22, 23]. Differences can be attributed mainly to test variables such as
turbulence, uniformity of the dispersion, and duration of the ignition
source. A number of sources [l, 2, 19, 23] report lower exp1031ve limits
ranging from 20 to 55 grams per cubic meter(g/m3) for grain dust clouds.
Even for a lower explosive limit as low as 20g/m (the lowest required for
an explosion), a grain dust cloud with this concentration resembles a very
dense fog [19, 23]. Although it is improbable that this concentration would
exist 1in the work areas, it 1is very 1likely that it does exist within
enclosures such as bucket elevators, conveyor housings, bins, and connecting
spouts [2, 23]. For the upper explosive limit, also not well defined,
estimates vary from 2,000 to 3 OOOg/m3 Peak explosive pressures generally
occur near concentrations of 1,000 g/m3 [24]. The explosive properties of
some common grain dusts are given in Table 11.

The explosibility of a particular dust is determined by its concentration in
air and influenced by factors such as chemical composition and particle size.
The presence of noncombustibles, such as mineral matter or moisture, decreases
the explosibility. Increases in particle size also decrease explosibility
{25]. To facilitate evaluation of the explosibility of dusts and to give a
numerical rating for the relative hazard, an empirical index of explosibility
was developed by the U.S. Bureau of Mines [26]. The index provides a relative
rating of explosibility as a function of ignition temperature, ignition
energy, explosion concentration, explosion pressure, and rate of pressure rise
as compared to a standard Pittsburgh coal dust (index equal to 1.0). For a
weak explosion the index of explosibility would be less than 0.l1; moderate,
0.1 to 1.0; strong, 1.0 to 10; and severe, greater than 10.. The indices of
explosibility of corn and wheat dusts within this system are 8.4 and 2.5,
respectively.

The synergistic effect between grain dust and fumigants has also been sug-
gested as a factor contributing to explosions in grain elevators and feed
mills. Surveys sponsored by the National Grain and Feed Association indicate
that gases and vapors emanating from decomposing or fumigated grain do not
present an explosion hazard in grain elevators [27, 28]. Laboratory testing,
however, has indicated that the presence of the fumigants did lower the
minimum ignition energy from 0.180 joules to 0.125 joules [29].

The presence of layered dust is a significant problem. Dust settles not only
on floors, ledges, and other horizontal surfaces, but also to some extent on
vertical surfaces and ceilings. 1f agitated, layered dust may lead to explo-
sive airborne concentrations. Burning or smoldering dust which is settled may
also ignite airborme dust concentrations or become airborne itself. Dust on
warm surfaces such as machinery, motors, bearings, or lighting fixtures tends
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Table 11

Explosive Properties of Common Grain Dusts (26]

Maximum
Rate of Ignition Minimum Lower
Maximum Pressure Temperature Ignition Explosive
Pressure Rise Cloud Layer Energy Limit
Type of Dust (kPa) (MPa/s)  (°C) (°C) (J) (g/m3)
Alfalfa meal 455 7.6 460 200 0.32 100
Cereal grass 360 3.5 550 220 0.80 200
Corn 655 41 400 250 0.04 55
Corncob grit 760 21 450 240 0.045 45
Corn dextrin pure 725 48 400 370 0.04 40
Cornstarch commercial 745 48 380 330 0.04 45
product
Cornstarch through 790 62 390 350 0.03 40
325 mesh
Flax shive 560 5.5 430 230 0.08 80
Grain dust, winter 790 38 430 230 0.03 55
wheat, corn, oats
Grass seed, blue 165 1.4 490 180 0.26 290
Rice 640 18 440 220 0.05 50
Rice bran 420 9 490 - 0.08 45
Safflower meal 580 20 460 210 0.025 55
Soy flour 540 5.5 540 190 0.10 60
Soy protein 660 65 520 260 0.05 35
Wheat, untreated 710 25 500 220 0.06 65
wWheat flour 655 26 380 360 0.05 50
wWheat starch, edible 690 45 420 - 0.025 45
Wheat straw 680 41 470 220 0.050 55
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to dry out and becomes susceptible to ignition at temperatures as low as 200°C
(392°F) [19]. The layered dust is acknowledged to be the source of immensely
damaging secondary explosions [25]. The primary explosion resulting from
ignition of airborne dust may be relatively small; however, pressure waves and
structural vibrations dislodge layered dust which, in turn, explodes and
dislodges more dust, propagating the explosion through the entire facility.

3. 1Ignition Source

The minimum amount of energy required to ignite common grain dusts, such as
corn and wheat, is in the range of 30 to 60 millijoules [26]. Ignition may
occur as the result of releasing thermal, mechanical, or electrical energy.
The primary cause of ignition in the thermal category is hot work. Extremely
high temperatures and sparks generated during welding and cutting operations
have resulted in more fires and explosions than any other identified source.
Fires and explosions caused by hot work generally occur because inadequate
precautions have been taken to remove or protect combustibles, or because
dust-producing operations are performed concurrently with, or immediately
after, the hot work is performed.

Explosions in a pet food mill in December 1977, resulted in 4 people killed
and 15 injured {30]. Two explosions, which occurred almost simultaneously,
blew out the walls of the mill building and resulted in extensive damage to
equipment. The cause of the explosion has not been conclusively determined;
however, OSHA investigators believe that a hot weld was the most likely source
of ignition. Based on eyewitness accounts and an examination of the damages,
OSHA investigators concluded that immediately after a weld was completed on a
wheat bin, the grinder feeding the bin was started. The wheat grain dust
blown into the bin exploded.

Other thermally-related ignition sources include open flames such as matches,
lighters, cigarettes, and space heaters.

Internal combustion engines used in front-end loaders and other industrial
trucks may also generate sufficient surface temperatures to cause ignition of
grain dust; however, no instances of explosions being caused by these vehicles
have been reported.

Mechanical ignition sources generate sparks or heat as the result of friction
or impact. Sparks can occur from the introduction of foreign materials such
as metal or stones into fast-moving handling and processing equipment. Entry
of foreign material into high speed grinding equipment is the acknowledged
cause of several explosions [6, 31]. Following bucket elevators, explosions
are most likely to initiate in hammer mills, roller mills, and other grinding
equipment [1]. An explosion may occur in the grinder, or burning materials
may initiate an explosion in downstream storage areas or conveying equipment
such as bucket elevators.

Foreign materials in a grinder are thought to have caused a series of explo-
sions in a feed mill in Victoria, Australia in January 1980, which resulted in
one injury and extensive damage to the facility [31]. Evidence suggests that
a particle of stone or metal passed through a hammer mill into a nearly empty
bin where the air/dust ratio was conducive to ignition. Following the initial
explosion, a continuous series of explosions propagated through inter-
connecting spouts, turnheads, and internal portholes.
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Entry of foreign material into other bandling equipment, such as bucket eleva-
tors, is also a potential problem, altbough there is some question as to
whethber sparks wbich are generated when foreign materials strike metal casings
or moving parts contain sufficient energy to ignite a dust cloud [23]. Me-
chanical sparks or beating can also occur as the result of equipment maltunc-
tion or during routine use of equipment such as power tools and shovels. In
addition, foreign materials can jam operating equipment leading to friction
fires.

Bucket elevators are the most frequent location of primary explosions {2].
Potential ignition sources in bucket elevators include sparks or friction from
tramp metal, misaligned belts or pulleys, and metallic buckets striking the
leg casings. However, friction resulting from belt slippage under choked con-
ditions is more likely to generate tbe amount of energy required for igni-
tion. 1If slippage continues, dust deposits may ignite or belt burn-through
may occur, resulting in the belt dropping down the elevator leg.

A jammed elevator leg was reported to be the probable cause of an explosion in
a feed mill in April 1978 [32], whbere two people were killed and 39 were in-
jured. The explosion destroyed two headhouses and damaged several silos. The
facility was supposed to bhave been turned off at the end of a shift; bowever,
officials believed that at least one elevator leg was still operating and bad
jammed. The problem was vpot detected and, as the drive motor continued to
operate, the belt burned through allowing the buckets to fall 