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ABSTRACT 

Thi s report presents the resul ts of an invest i gat i on of worker safety in grai n 
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 inj uries in the \«)rkpl ace and to trai n workers in the 
identification and awareness of hazards and their controls. 

A description of grain elevators and feed mills is included along with statisti­
cal data correlating accidents with the population at risk. Specific hazards 
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 occupational 
safety hazards. 

Existing national and international standards are reviewed and compared with the 
developed guidel ines. Recomnendations for research are provided and ongoing 
research projects are identified. 
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INTRODUCTION 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 knowledge of 
the ~tential problems. inadequate training or lack of implementation of hazard 
control s. Workers are exposed to safety hazards associ ated with fi res and dust 
expl osi ons, as well as other general safety hazards associ ated wi th the dai 1 y 
handling, storage, and processing of grain. Workers may also be subjected to 
health hazards as the result of exposures to grain dust and pesticides. Primar­
i1 y, thi s report covers safety hazards. Heal th hazards are addressed onl y to 
acknowl edge thei r exi stence and the need for thei r control. Safety precauti ons 
related to the use of fumigants in grain-handling facilities are included in 
National Fire Protection Association 618-1980, "Standard for the Prevention of 
Fire and Explosions in Grain Elevators and Facilities Handling Bulk Raw Agricul­
tural Conunoditi es." 

After evaluation of available data and consultation with others, guidelines were 
deve loped to prov i de for the safety of workers. The data base cons i sted of 
information obtained from literature searches, facility visits, and consultation 
with knowledgeable individuals from industry, labor, Government, and the academic 
communi ty. 

The guidelines are intended to cover all facilities classified as grain elevators 
or feed mills. Although it is recognized that some grains such as rice are less 
susceptible to dust explosions, no attempt was made to correlate the recommended 
guidelines with the relative hazard of the commodity being handled. In general, 
all conunoditi es shoul d be consi dered hazardous unl ess 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 guidelines are intended primarily to reduce the number of 
accidents and injuries in existing facilities. Additional construction "and 
design techniques that should be considered when building new facilities or 
renovating existing facilities are contained in National Fire Protection Associa­
tion Standards 618-1980, "Standard for the Prevention of Fire and Explosions in 
Grain Elevators and Facilities Handling Bulk Raw Agricultural Conmodities," and 
61C-1973, "Standard for the Prevention of Fire and Dust Explosions in Feed 
Mills." 

The recommendations are broadbased, to accommodate variations between facilities 
and the wi de range of operat ions and processes encountered, and are performance 
oriented wherever possible. Many of the recommendations, such as those address­
ing the use of protective equipment and ladders, are consistent with the OSHA 
General Industry Standards contai ned in 29 CFR 1910. Other recommendati ons, such 
as those addressing dust control and confined space entry, are addressed only 
genera" yin OSHA standards or not at all. 

1 



The recommendations are not intended to inhibit flexibility or to restrict devel­
opment 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 environments. Simply complying with the recom­
mended guidelines should not be the final goal. 

The original objective of this research project was to develop a vertical 
standard for occupational safety in grain elevators and feed mills. This objec­
ti ve was subsequently changed for several reasons. Fi rst, develoJl1lent of a 
vertical standard for a specific industrial classification is not fully compati­
ble with existing regulations. Current occupational safety and health standards 
contained in 29 CFR 1910 are primarily hori zontal standards which apply to all 
industries. Second, the scope of the study was 1 imited to grain elevators and 
feed mills, al though simil ar operati on and processes are encountered in f1 our 
mills and other grain-processing facilities. Likewise, many of the hazards 
encountered in these facil ities al so exist outside of the grain-handl ing and 
-processing industries. There is a need to look at these related industries 
prior to developing standards for grain elevators and feed mills alone. In 
addition, health hazards, which were not addressed in the scope of this study, 
shoul d be considered as part of a comprehensi ve standard. Thi rd, the need for 
additional research in the area of grain dust explosions is apparent. Although 
hazard controls can be postulated, there is often a lack of scientific or 
statistical data to fully substantiate the recommendations. There is some danger 
in postponing implementation of recommended hazard controls while awaiting 
additional data from projected research projects. However, several ongoing 
projects, such as the grain dust explosion study being conducted by the National 
Academy of Sciences, are expected to add significantly to current knowledge. 

Although the initial objective of this study has changed, the basic intent to 
deve lop and recommend safe work practices and engi neeri ng control s has not been 
altered. In spite of current efforts by Government, industry, and labor, aware­
ness of hazardous conditions in grain-handling and -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. 
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DEFINITION OF THE PROBLEM 

INTRODUCTION 

There are approximately 15,000 grain storage and handling facilities in the 
United States [1]. These facilities include grain elevators, feed mills, and 
other grain-processing pl ants. Many are multiuse facil ities and may be incl uded 
in more than one classification. 

Fires and explosions in these factlities have been reported in this country and 
abroad for almost 200 years. This danger is inherent in the industry because of 
the physical characteristics of organic dust generated while handling and proc­
essing grains. Workers are al so exposed daily to a wide variety of other work­
related hazards capable of causing bodily injury, illness, and death. 

This section describes grain elevators and feed mills and provides data cor­
rel at i ng accidents wi th the popul ati on at ri sk. Overall inj ury stati sti cs are 
presented along with data defining the number, causes, and locations of fire and 
explosion incidents. 

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 performed. 
Feed mills are establishments engaged in the manufacture of feeds for animals. A 
description of these establishments and associated operations is included below. 

Grain Elevators 

Grain elevators may be classified as country elevators, inland terminals, or 
export terminals [1]. 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. Typical flow of grain from farm to market is shown in Figure 1. 

According to the National Grain and Feed Association, there are approximately 
9,472 country elevators, 413 inland terminals, and 82 export terminals in opera­
tion in the United States at this time [2J. Grain elevators employ from 2 to 3 
people in small country elevators to 150 or more in the large export terminals. 
Grain elevators may operate year-round or seasonally, with great fluctuations in 
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the work force. Multishift operation is common during peak periods. In addition 
to personnel enployed by the grain elevator, workers may include grain inspec-

, tors, maintenance and construction crews, truck drivers, and longshoremen. 

There are three general types of grain elevator construction: Concrete, steel 
frame, and wood frame. The newer establ ishments are usually constructed of 
rei nforced concrete or steel frames sheathed with steel. 01 der establ i shments 
may be wood frame structures, sometimes sheathed with steel [3]. 

Typically, there are two sections of a grain elevator: The storage bins and the 
workhouse. Storage bins . are usually built in the fonn of hollow cylindrical 
towers call ed silos. The workhouse contai ns several level s where equi pment for 
receiving, elevating, weighing, cleaning, and distributing grain is located. It 
also contains bins for holding, shipping, and mixing purposes. The height of the 
workhouse can reach 250 feet and is generally 40 to 60 feet higher than the 
storage bins. The height is used to minimize the amount of mechanical transfer 
when moving grain, and it provides the space needed for the handling equipment. 
The tenns 'I«lrkhouse and headhouse are usua 11 y used i nterchangeab 1 y, a1 though 
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. In 
some facilities, elevating and distributing equipment may be freestanding and the 
need for a workhouse is eliminated. A gallery, or Texas 10nghouse, 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 eliminate the need for this 
structure. A typical grain elevator is shown schematically in Figure 2. 

Grain-hand1 ing operations are simil ar 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 p1atfonns. Hopper-bottOOl and self­
dumping trucks are also common. Rail receiving may be by hopper or box carSe 
Box cars may be processed by hydrau1 ic unloaders, which 1 ift and tilt the cars, 
or by front-end loaders or power shovel s. Ra il cars may be moved by rail. 
engines, other powered vehicles, or winches. Barges are usually unloaded with 
movable marine bucket elevators. Final barge c1eanout 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 provided, 
personnel must climb onto or into the vehicle to obtain samples. Sampling is 
accOOlplished mechanically in some facilities. Internal hopper scales are used 
for weighi ng grai n al though p1 atfonn sca1 es are frequentl y 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 distributors. 
Conveyor types, in order of use, include continuous belts and drag and screw con­
veyors. Drag and screw conveyors are normally enclosed. 

Drying may be required if the grain has a high moisture content. Continuous flow 
col umn dryers usually are used, but batch dryers are al so common. Cl eani ng may 
be required to achieve desired grade levels. Cleaning normally is accomplished 
with simple screening machinery that may be shaken, rotated, or slanted such that 
grain will flow across the surface. 
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Dust-collection systems are provided in many grain elevators. Dust pickup is 
provided at sel ected 1 ocati ons of hi gh grai n turbul ence and dust di spersal such 

'as receivi ng dumps and grai n transfer poi nts. Dust is pneumati cally conveyed to 
collection devices, usually bag filters. Cyclone collectors have been used 
extensively in the past but currently are used much 1 ess because of cl ean ai r 
laws which limit discharge of dust into the outside air. Dust may be returned to 
the grain stream or stored for subsequent shipment fran the facility. Anderson 
and Foley [4] reported that of the dust separated from the grain stream in eleva­
tors, 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~ 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 56.6~ 
of the elevators the dust was returned to the grain stream at the elevator leg. 
Frequent housekeeping is usually required to prevent excessive accumulation of 
dust even when a dust-collection system is used. Housekeeping is usually 
accompl i shed wi th brooms, al though use of vacuum systems and bl owi ng down wi th 
compressed air are also common. 

Feed Mi 11 s 

Feed mill ing is primarily a grinding and mlxlng process in which a variety of 
grain and grain byproducts is blended with protein concentrates, food industry 
byproducts, vitamins, drugs, and minerals. Estimates vary as to the number of 
feed mills in operation in the United States. However, in a 1975 study, the 
Department of Agriculture cited 6,340 feed-manufacturing facilities producing 
over 100,000,000 tons of feed per year. This figure includes 4,454 facilities 
with outputs of up to 9,999 tons per year; 1,329 facilities with outputs of 
10,000 to 49,999 tons per year; and 556 facilities with outputs of over 50,000 
tons per year [5]. 

Incoming grain is generally received by truck or rail, or in some cases, from an 
adjacent grain elevator. Receiving operations 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 elevators. 
Systems are generally much smaller and slower than those in grain elevators. 
Drag and screw conveyors are used more extensively, and some ingredients may be 
transferred pneumatically. Grain and major feed ingredients are stored in bins, 
generall y concrete si los, or steel tanks. Other ingred i ents such as vitami ns, 
minerals, and drugs may be stored in bags or barrels. Liquids such as fats and 
molasses are stored in tanks, frequently below the floor away from the main 
processing area. 

Whole grain is ground prior to mixing. Hammenmills, 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 verti­
cal shaft. 

Some feed ingredients, especially grains, are routed through cleaning equipment 
prior to grinding or mixing. Scalpers, which are cleaning machines with various 
si ze screens, are frequentl y used to remove 1 arge oversi ze trash. Seal pers al so 
may be used to separate feed into uniform sizes. 
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I Feed may be pell eti zed by extrudi ng steamed feed through di es of the desi red 
,size. Pellets 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 equi pment may be provided in areas of hi gh dust generati on such as 
the receiving areas. Dust generation tends to be much less in feed mills than in 
grain elevators because of slower grain transfer speeds, less grain handled, and 
the tendency to use enclosed conveyors. Dust-control equi pment may al so 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 sewn 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 lift trucks or hand 
trucks. 

INJURY STATISTICS 

The number and severity of injuries in grain elevators and feed mills may be 
estimated from information contained in Bureau of Labor Statistics (BLS) Bulletin 
2019, Occupational Injuries and Illnesses in the United States by Industry, 1976 
[6J. Table 1 shows average annual employment, total injury cases per 100 full­
time workers, lost workday cases, and lost workdays for SIC Codes 204, Grain Mill 
Products; 2048, Prepared Feeds; and 515, Farm Product Raw Materials for 1975 and 
1976. Information for all industries (private sector) and manufacturing indus­
tries is shown for comparison. These data show a total of about 8,000 annual 
injuries in feed mill establishments, with an injury incidence rate approximately 
1.7 times that of total industry and 1.2 times higher than all manufacturing 
i ndustri es. 

Bulletin 2019 does not provide data for the four-digit SIC code 5153. The three­
digit SIC code SIS, Farm Product Raw Materials, includes other industries in 
addition to those engaged in buying and marketing grain. 

Additional information on grain elevators and grain mills is included in the 1977 
edition of Accident Facts prepared by the National Safety Council (NSC) [7J. 
Thi s edi ti on records the resul ts of a 3-year study perfonned on the basi s of 
reports to the NSC. Table 2 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, and (2) the NSC data include only disabling 
work injuries while the BLS data include total injuries. The data presented by 
the NSC over the 3-year peri od are most si gni fi cant when compared wi th the over­
all industry rates. For grain mills (corresponding to the three-digit SIC code 
204), the frequency rate of disabling injuries is about 1.7 times higher than the 
industry average, with the severity rate about twice as high as the industry 
average. For grain elevators, the frequency rate is only about 1.5 times higher 
than the industry average; however, the severity rate is nearly 6 times as high. 
Comparable records for recent years are not available. 
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Table 1 

INDUSTRY EMPLOYMENT/OCCUPATIONAL INJURY INCIDENT RATES 

1976 TOTAL CASES LOST 
EMPLOYMENT PER 100 WOR KERS WORKDAY CASES LOST WORKDAYS 

SIC CODE (THOUSANDS) 1975 1976 1975 

All Industri es 8.8 8.9 3.2 

Manufacturing 12.5 12.6 4.3 

204 135.1 15.3 15.0 5.9 

2048 53.4 15.2 14.9 6.0 

515 138.8 8.7 9.3 3.3 

Source: Bureau of Labor Statistics Bulletin 2019 (1979) 
SIC 204 - Grain Mill Products 
SIC 2048 - Prepared Feeds 
SIC 515 - Farm Product Raw Materials 

Table 2 

INDUSTRY INJURY RATES 

FREQUENCY RATE 
DISABLING WORK INJURIES 

PER 1,000,000 HOURS 
INDUSTRY 1974 TO 1976 

All 10.87 

Grain Mills 18.70 

Grai n El evators 16.64 

1976 1975 1976 

3.4 54.6 57.8 

4.6 72.9 76.7 

6.5 106.1 110.8 

6.8 89.8 94.6 

4.5 61.3 79.3 

SEVERITY RATE 
WORKDAYS LOST 

PER 1,000,000 HOURS 
1974 TO 1976 

668 

1,389 

3,902 

Source: National Safety Council Accident Facts, 1917 Edition 
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Also of interest are data included in BLS Bulletin 2019, covering occupational 
injury and illness rates by employment size (Table 3). For grain mill products, 

, the lowest incident rates are achieved by employers with over 1,000 and less than 
20 personnel. For fann products, a simil ar trend exists, with the lowest rates 
achieved by the largest and smallest employers. 

FIRE AND EXPLOSION STATISTICS 

The single largest safety concern in grain-handling and -processing facilities is 
that of dust fires and explosions. Of all the industrial dust explosions in the 
United States, those in grain elevators are most frequent and cause the most 
i nj uri es and property damage [3]. Accordi ng to the Nati onal Fi re Protection 
Association, about 48 percent of the total number of dust explosions in the 
United States duri ng the peri cd from 1900 to 1956 have occurred in i ndustri es 
handl i ng grai n, feed and fl our [8]. Infonnati on presented by Verkade and Chi ott i 
[3] for the 17-year period from 1958 through 1975 includes records of dust explo­
s ions in 137 grai n e1 evators 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) [1] from several sources, includ­
ing Verkade and Chiotti. This compilation included 250 explosions in U.S. grain 
elevators and feed mills in the 21-year period from 1958 through 1978 which 
resulted in 605 injuries and 164 deaths. A recently updated USDA compilation 
includes 399 explosions in U.S. grain-handling facilities in the 23-year period 
from 1958 through 1980 which resulted in 679 injuries and 185 deaths. The number 
of deaths per year ranged from 0 to 8 with the exception of 1968 (13 deaths), 
1974 (13 deaths), 1976 (22 deaths), 1977 (65 deaths) and 1980 (10 deaths). In 
1979, 29 incidents resulting in 18 injuries and 2 deaths were reported. In 1980, 
there were 45 reported incidents resulting in 10 deaths and 50 injuries. Yearly 
explosions ranged from a high of 45 incidents during 1980 to a low of 8 incidents 
during 1961 and 1965. Verkade and Chiotti and the USDA both reported the lack of 
an accurate, comprehensive, and unifonn reporting system, indicating that many 
additional incidents may not be recorded. . 

The USDA report [1] a1 so 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. Injuries can occur as 
a direct result of the firefighting activities or as a result of explosions which 
may be t ri ggered by the fi re. 

The probable ignition sources in the 250 explosion incidents compiled by the USDA 
[1] are shown i!'l Tab 1 e 4. It iss i gni fi cant 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 cause was 
reported on the basis of speculation by inexperienced investigators. Where the 
probable cause was reported, 43 of the 250 incidents were attributed to welding 
or cutting. The next four most probable causes are electrical failure, tramp 
metal, fire other than welding or cutting, and unidentified foreign objects. One 
contributor to the large number of incidents attributed to cutting and welding 
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Table 3 

OCCUPATIONAL INJURY AND ILLNESS INCIDENT RATES, 
PRIVATE SECTOR, BY INDUSTRY AND EMPLOYMENT SIZE, 

UNITED STATES, 1976 

SIC MEAN INCIDENT RATE 
INDUSTRY AND EMPLOYMENT SIZE 

Grain Mill Products: 

All Si zes 

1 to 19 

20 to 49 

50 to 99 

100 to 249 

250 to 499 

500 to 999 

1,000 to 2,499 

Farm-Product Raw Materials 

All Si zes 

1 to 19 

20 to 49 

50 to 99 

100 to 249 

250 to 499 

500 to 999 

Source: BLS Bulletin 2019 (1979) 

CODE 

204 

515 

11 

PER 100 FULL-TIME WORKERS 

15.4 

9.8 

18.4 

17.5 

20.1 

16.5 

14.8 

4.8 

9.7 

7.7 

9.4 

15.2 

13.9 

9.7 

7.7 



, Tabl e 4 

PROBABLE IGNITION SOURCES 

Number of 
Facil ities 

Unknown 103 
Welding or cutting 43 
Electrical fail ure 10 
Tramp metal 10 
Fire other than welding or cutting 10 
Unidenti fi ed forei gn objects 9 
Fri cti on fran choked 1 eg 8 
Overheated bearings 7 
Unidentified spark 7 
Friction sparks 7 
Lightning 6 
Extension cords caught in legs 4 
Faulty motors 4 
Static electricity 3 
Fire from friction of slipping belt in leg 3 
Leaki ng fl anmabl e vapor 3 
Smoldering grain or meal handled 2 
Smoking material 2 
Lighted firecracker 1 
Volatile chemical escaped from soybean processing 1 
Fire from cob pile outside facility 1 
Heating system 1 
Pocket of gas in bin ignited 1 
Extinguishing fire 1 
Leak in gas pipe ignited 1 
El ectri c control panel exploded 1 
Slipping conveyor belt 1 

Sample size 250 

12 

Percent of 
Facilities 

41.2 
17.2 
4.0 
4.0 
4.0 
3.6 
3.2 
2.8 
2.8 
2.8 
2.4 
1.6 
1.6 
1.2 
1.2 
1.2 
0.8 
0.8 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

100.0 



may be that evidence of hot work is easily traced. The hazards associated with 
cutting and welding should not be minimized; however, it is likely that for most 

, of the incidents where the cause was unknown, the ignition source was a condition 
other than hot work. The probable locations of the primary explosion in the 
cases compiled by the USDA are shown in Table 5. The probable location is 
reported in 143 of the 250 incidents. Bucket elevators account for 58 of the 143 
reported incidents, followed by grinding equipment and storage bins in 17 and 13 
incidents, respectively. 

SUMMARY AND CONCLUSIONS 

The grain dust explosion hazard has been known for many'years. The United States 
Department of Agriculture has compiled a listing of 399 explosion incidents in 
grain elevators and feed mills in the United States over the 23-year period from 
1958 through 1980. These incidents resulted in 679 injuries and 185 deaths. 
Explosions in recent years, with the attendant loss of life and injuries to 
personnel, have focused attention on these spectacular disasters. However, 
available statistics indicate that the injuries resulting from explosions are 
only a small percentage of overall injuries. For example, in 1976, 23 injuries 
were reported as the result of explosions in feed mills [1]. In the same year, 
according to the Bureau of Labor Statistics, approximately 8,000 injury cases 
were reported in feed mills, of which approximately 3,600 injuries resulted in 
loss of work attendance of 1 day or more [6]. The lost workday i nj uri es alone 
are more than two orders of magnitude greater than injuries caused by explosions. 
From the above, it appears that: 

1. Solutions for prevention of fire and explosion are required. 

2. Reduction in work-related injuries is required. 

Although solutions to the fire and explOSion problem must be derived and imple­
mented, overall safety cannot be achieved unless additional effort is made to 
reduce the number of other work-related injuries. 
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• 
Table 5 

PROBABLE LOCATION OF PRIMARY EXPLOSION 

Unknown 
Bucket el evator 
Hammermills, roller mills, or other grinding equipment 
Storage bins or tanks 
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 
Pell et coll ector 
Conveyor system 
Receiving pit 
Other handling equipment 
Processi ng pl ant 
Down spout 
Corn tester 
Feed room 
Sampler 
Storage room 
Boiler or feed mill 
Electrical switch 
Auger conveyor 
Electrical panel 

Sample size 

14 

Number of 
Facilities 

107 
58 
17 
13 
9 
8 
4 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

250 

Percent of 
Facilities 

42.8 
23.2 
6.8 
5.2 
3.6 
3.2 
1.6 
1.2 
1.2 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

100.0 



IDENTIFICATION OF THE HAZARD 

INTRODUCTION 

Workers in grain elevators and feed mi1;s 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, and 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 may have been pre~ 
vented if safe work practi ces had been observed or if engi neeri ng or management 
controls had been instituted. 

FIRES AND EXPLOSIONS 

A dust explosion hazard exists whenever combustible dusts accumulate or are 
generated as a result of grain handling or processing. For a grain dust explo­
sion to occur, four conditions must be met: 

1. Airborne dust must be present in a concentration within the explosive 
limits. 

2. Oxygen must be present in a concentration sufficient to sustain rapid 
combusti on. 

3. An ignition source of sufficient energy and duration must be present. 

4. Ignition must occur in an enclosed space. 

Airborne Dust Concentration 

The generation of grain dust is inherent in grain-handling operations. Grain 
breakage occurs initially at harvest and continues through each subsequent han­
dling. Particles range in size from respirable particles of 10 microns or less 
to particles of 100 microns or more. 

In contrast to gaseous mixtures, the lower explosive limit for grain dust is not 
well defined, and different results can be found for the same kind of dust [9]. 
Di fferences can be attributed in part to test vari abl es such as turbul ence, 
uniformity of the dispersion, and duration of the ignition source. Most sources 
report a lower explosive 1 imit of 20 to 70 grams per cubic meter which has been 
likened to a dense fog. Although it is improbable that this concentration would 
exist in the work areas, it is likely that it does exist within enclosures such 
as bucket elevators, conveyor housings, bins, and connecting spouts [10]. The 
upper explosive limit also varies, ranging from 2,000 to 3,000 grams per cubic 
meter. Peak explosive pressures generally occur near concentrations of 1,000 
grams per cubic meter [11]. 
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• The explosiveness 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 
explosiveness. Increases in particle size also decrease explosiveness [12]. To 
faci 1 itate eval uati on of the expl osi veness of dusts and to give a nwneri cal 
rating for the relative hazard, an empirical index of explosiveness was developed 
by the U.S. Bureau of Mines [13]. The index provides a relative rating of 
explosiveness as a function of ignition temperature, ignition energy, explosive 
concentration, explosion pressure, and rate of pressure rise. The indices of 
explosiveness of corn and wheat dusts wi thi n thi s system are 8.4 and 2.5, 
respectively, when compared with Pittsburgh coal which has an index of 1.0. 

The synergistic effect between grain dust and fumigants has al so been suggested 
as a factor contributing to explosions in grain elevators and feed mills. Sur­
veys 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 grai n el evators [14] [15]. Laboratory testi ng, however, has i ndi cated 
that the minimum amount of energy required to ignite fumigated grain dust may be 
red uced [16]. 

Although grain dust must be airborne for an explosion to occur, the presence of 
layered dust is also a significant problem. Dust settles not only on floors, 
ledges, and other horizontal surfaces, but also, to some extent, on vertical sur­
faces and ceilings. Layered dust may lead to explosive airborne concentrations 
if agitated. Burning or smoldering dust may also ignite airborne dust concentra­
tions. Dust on wann surfaces on machinery, motors, bearings or lighting fixtures 
tengs to ?d:Y out and becomes suscept i b 1 e to i gni t i on at temperatures as low as 
200 C (392 F) [8]. In addition, layered dust is generally acknowledged to be the 
source of immensel y damagi ng secondary expl osi ons [12]. The primary expl osi on 
resulting from ignition of airborne dust may be relatively small; however, pres­
sure waves and structural vibrations dislodge layered dust which, in turn, 
explodes and dislodges more dust, propagating the explosion through the entire 
facil ity. 

Oxygen Concentration 

The amount of oxygen in air is more than adequate to support grain dust explo­
sions. Oxygen concentrati ons above approximately 12% are suffi cient to sustai n 
combustion. The lower explosive limit in the presence of 13% oxygen is approxi­
mately 40 times greater than that in 20% oxygen. The minimum ignition energy is 
increased by a similar amount [17]. The use of inert gases such as nitrogen or 
carbon diox1de to replace air may be advantageous in some cases; however, inert 
gas atmospheres are not considered practical on a large scale basis. 

Ignition Source 

The minimum amount of energy required to ignite common grain dusts, such as corn 
and wheat, ;s in the range of 30 to 60 millijoules [13J. Ignition may occur as 
the resul t of thermal, mechanical, or el ectrical energy rel ease. The primary 
cause of ignition in the thermal category is hot work. Extremely high tempera­
tures and sparks generated during welding and cutting operations have resulted in 
more fires and explosions than any other identified cause. Fires and explosions 
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caused by hot work generally occur because inadequate precautions have been taken 
to remove or protect combustibles, or because other dust-producing operations are 

. perfonned concurrentl y with or inmedi ately after the hot work is perfonned. 

A grain elevator explosion in January 1976, in which 5 workers were killed and 11 
injured, was attributed to welding/cutting operations [18]. Investigators 
concluded that cutting and welding equipment being used to install a new spouting 
system ignited dust in the 12-story elevator. The initial blast which occurred 
on the scale floor, was followed by at least two others. The company was charged 
with failing to properly clean and isolate the area and failing to shut down 
dust-producing machinery in nearby areas. 

In another case, explosions in a pet food mill in December 1977 resulted in 4 
people killed and 15 injured [19]. Two explosions, which occurred almost simul­
taneously, blew out the walls of the mill building and did extensive damage to 
equipment. The cause of the explosion has not been determined; however, OSHA 
investigators bel ieve that a hot weld was the most 1 ikely source of ignition. 
Based on eyewitness accounts and an examination of the damages, OSHA investi­
gators concluded that inmediately after a weld was completed on a wheat bin, the 
grinder feeding the bin was started. This blew wheat grain dust into the bin and 
the dust exploded. 

Other thermally related ignition sources include open flames such as matches, 
lighters, Cigarettes, and space heaters. Most personnel in grain-handling 
facilities are aware of the hazards associated with open flames; however, inci­
dents still occur. In one case reported by Verkade and Chiotti [3], an explosion 
occurred in a grain elevator when the manager lit a cigarette while walking 
between the faci 1 i ty and a box car. No other personnel were i nj ured and damage 
was moderate. 

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 expl osi ons bei ng caused by these vehi cl es have 
been reported. . 

Mechanical ignition sources generate sparks or heat as the result of friction or 
impact. Sparks can occur fr011 the i ntroducti on of forei gn materi al s 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. Following bucket elevators, explosions are most likely to 
initiate in halTl1lennills, roller mills, and other grinding equipnent [1]. An 
explosion may occur in the grinder, or burning material s may initiate an explo-· 
sion in downstream storage areas or conveying equipment such as bucket elevators. 

Foreign materials in a grinder are thought to have caused a series of explosions 
in a feed mill in January 1980, resulting in one injury and extensive damage to 
the facil ity [20J. Evidence suggests that a particl e of stone or metal passed 
through a halTl1lennill into a nearly empty bin where the air/dust ratio was con­
ducive to ignition. Following the initial explosion, a continuous series of 
explosions propagated through interconnecting spouts, turnheads, and internal 
porthol es. 
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Entry of foreign material into other handling equipment, such as bucket eleva­
tors, is also a potential problem; although, there is some question whether the 

, sparks generated when the foreign materials strike metal casings or moving parts 
contain sufficient energy to ignite a dust cloud [10J. Mechanical sparks or 
heating can also occur as the result of equipnent malfunction or during use of 
equipment such as power tools and shovels. 

Bucket elevators are the most frequent location of primary explosions. 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 conditions is more 
likely to generate the amount of energy required for ignition. If slippage 
continues, dust deposits may ignite or belt burn-through may occur, resulting in 
the belt dropping down the elevator leg. 

A jal11T1ed elevator leg was reported to be the probable cause of an explosion in a 
feed mill in April 1978 [21J. There were 2 people killed and 39 injured, and the 
explosion destroyed 2 headhouses and damaged several silos. The facil ity was 
supposed to have been turned off at the end of a shi ft. However, offi ci al s 
bel ieved that at least one elevator leg was still operating and Had janmed. The 
problen was not detected and, as the drive motor continued to operate, the belt 
burned through allowing the buckets to fall into the leg. 

Kauffman [22J reported an explosion in a medium-sized elevator in 1979 caused by 
a choked bucket el evator. One fatal ity and three inj uri es occurred along wi th 
severe damage to the facility. The shipping elevator leg had choked and had been 
jogged, resulting in a fire at the head pulley. The access panel to the boot was 
removed in an attempt to cl ear the choke by hand. The bel t subsequently burned 
through and dropped, creati ng a dust cloud in the boot area and spl itti ng the 
metal 1 eg casi ng. This allowed burni ng bel t to fall into the dust cloud, whi ch 
caused the explosion. 

Electrical ignition sources may be associated with the use of electrical power or 
electrostatic charges. Sparks generated by normal operation of electrical com­
ponents such as switches, contacts, motors, and fuses can generate sufficient 
energy to ignite dust clouds. Arcing from equipment malfunctions, damaged 
wiring, or broken light bulbs may also ignite dust. Verkade and Chiotti [3J list 
several cases in which electrical equipment is reported as the cause. In one 
incident, a light bulb with a faulty extension cord was being used to illuminate 
a bucket el evator boot pit. Al though the head guard and gri p of the 1 i ght were 
approved as being dust-tight, the extension cord shorted, causing a dust explo­
sion which resulted in one injury and moderate damage to the facility. 

Surface temperatures of electrical equipment· such as heaters and motors can 
exceed the ignition temperature of layered dust, although hot surfaces on exposed 
light bulbs probably account for more fires. Kauffman [22J reported an explosion 
in a small country elevator in 1979 which resulted in one injury. On the day of 
the explosion, milo had been ground and loaded. Dust had accumulated on the 
headhouse floor as well as on the top of a light fixture. The dust on the fix­
ture apparently ignited and fell to the headhouse floor, igniting the dust there. 
The fi re surrounded a metal-cased bucket el evator 1 eg and subsequentl y ignited 
the belt, which then burned through and dropped, leading to the explosion. 
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Kauffman [22] also reported an explosion at a medium-sized grain elevator 
j resulting in two injuries and substantial facility damage. A fire resulted from 

a permanent light fixture being buried in accumulated dust in the boot well of a 
. bucket elevator. The water stream applied to the fire by the fire department 

dispersed grain dust into the air, and the dust was ignited by the existing fire. 
A series of explosions propagated throughout the facility; however, bin damage 
was minimized by effective venting. 

El ectrostati c charges are generated in the normal handl i ng of grai n on equi pment 
such as conveyors and spouts. Electrostatic discharge is generally considered a 
potential ignition source; however, the degree of risk is not well understood. 
Static electricity buildup on belt conveyors is common, and discharges have been 
observed; however, no instances of fires or explosions from static discharges on 
belt conveyors have been reported. In one report [21], static electricity dis­
charges were observed from a plastic pipe prior to an explosion in a small feed 
mill in January 1978 in which three people died and six others were injured. At 
the time, contractor personnel were sal vaging a powdered feed ingredient which 
had been spilled into the basement of the mill building. The salvaged ingredient 
was being pneumatically pumped through the pipe to the top of a silo and into a 
bin. "Popping" sounds had been heard. Personnel were in the process of shutting 
down, because of observation of static sparks, when the explosion occurred. 
Based on eyewitness accounts and an inspection of the damaged facility, OSHA 
investigators concluded that the dust cloud, generated by the feed ingredient or 
grain dust in the area, was probably ignited by a static electric discharge from 
the plastic pipe. 

Lightning strikes are also reported to have caused dust explosions in grain 
elevators and feed mills. A company spokesman and OSHA investigators indicated 
that lightning was the apparent cause of an explosion in a processing mill which 
injured six persons [23]. The explosion, which destroyed the facility, occurred 
during a thunderstorm. Following the initial explosion, a fireball went through­
out the facility causing extensive damage. 

The potential ignition sources for grain dust have been known for many years, and 
solutions to the problem can be readily identified. However, lack of data on the 
specific circumstances of most explosions makes it difficult to know which 
actions would be most effective. It is generally agreed that hot work, open 
flames, and smoking should be precluded or conducted under tightly controlled 
conditions. Other ignition sources, such as static electricity and sparks from­
foreign material striking metal bucket elevator cups, are widely debated. There 
are various opinions on the degree of hazard [10]. 

Confinement 

Dust explosions occur only in relatively enclosed spaces. Confinement may occur 
in elevator legs, bins, grinders, dust-collection equipment, and in many cases, 
the basic facility structure. Pressure buildup resulting from explosions may be 
well above the rupture strength of comnon construction material s, and extensive 
damage can occur unless an adequate pressure rel ief vent area exists. For most 
grain elevators and feed mills, vent areas do not provide sufficient pressure 
relief to prevent destructive pressure levels [11]. 
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GENERAL INDUSTRIAL HAZARDS 

Employees in grain elevators and feed mills may be exposed to a wide variety of 
hazardous conditions during the performance of their jobs. The majority of these 
hazardS exist, to some extent, throughout industry although certain characteris­
tics of grain elevators and feed mills may magnify the degree of risk. Specific 
hazardous conditions which could result in accidents are discussed below. 

Facility Interfaces 

Accidents may occur as a di rect resul t of the interface wi th . faci 1 ity wal ki ng 
surfaces, stairs, ladders, and manlifts. Overhead obstructions, narrow aisle­
ways, or elevated work stations may also contribute to accidents. 

Hazards associated with walking surfaces vary considerably. Floors may be 
slippery because of loose grain, grain dust, dampness, oil, or grease. Loose 
dust gives little traction, causing many slips and falls. It is particularly 
difficult to walk on round commodities such as soybeans. Inadequate storage and 
poor work practices may result in various materials in walkways. Trash and 
debri s may block escape routes or contai n exposed nail s or other sharp obj ects. 
Accidents may also be caused by uneven walking surfaces or loose or defective 
grating. Bin and f100r openings can account for serious injuries as the result 
of trips or falls [24]. Bin openings usually have covers, but they are not 
always replaced after use. 

Fixed and portable ladders are frequently used in the grain industry for access 
to di fferent work 1 evel sand equi pment, emergency egress, or as means of escape 
off a stalled man1ift or personnel elevator. Most ladders are kept in good 
condition because they are used frequently, and defects are 1 ike1y to be found. 
However, deterioration of ladders that are infrequently used, such as emergency 
ladders, may take place without being noticed. Slippery rungs and the improper 
use of the 1 adders are causes of acci dents that a1 so need to be addressed [25]. 
Various types of safety devices are available to minimi ze the chance of fall s 
from ladders, but these are not always provided or used. 

Belt manl ifts are comnon1y used to transport employees fran one work level to 
another. A belt man1ift consists of a vertical, continuous belt with platforms 
and handl es attached. The frame and dri ve system of a manl i ft are simi 1 ar to 
those used on a bucket el evator, al though the manl i ft is operated at a slower 
speed. The manlift connects the various work levels through openings in the 
floors. The belt may run the entire height of the facility. Accidents may 
result from loose or broken pl atforms and handhol ds or employees may be i nj ured 
by contacting the structure when moving through the floor openings [26]. Falls 
may also occur as a result of lack of attention, carelessness or fatigue. 
Another danger is the lack of a guard rail to prevent employees from falling into 
the floor openings. Although intended for personnel only, manlifts are sometimes 
used to transport equipment between floors, increasing the chance of a fall or of 
material being dropped on someone below. Employees may also use man1ifts without 
being properly instructed in safe operating procedures. 

Overhead obstructions and narrow ais1eways are common in many grain elevators and 
feed mills. Obstructions include pipes, spouts, machinery, catwalks, conveyors, 
and phYSical parts of the facility. Injuries can occur if proper head protection 
is not worn. Narrow aisleways may result in personnel injury from contact with 
moving equipment or machinery. 
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The multilevel construction of many facilities frequently results in a require-
4 ment to work at elevated levels. Maintenance and repair on freestanding equip-

,ment or equipment on platforms, such as marine towers, are conmon. Working at 
heights or at any work station with one or more sides open exposes the enployees 
to the chance of a serious injury. Additionally, there is a possibility that 
workers could drop equipment or tools, causing an injury to someone below. 
Access to areas below workers shoul d be restri cted where the possi bil ity of 
falling items exists. 

Equipment Interfaces 

Employees of grain elevators and feed mill s frequently interface with moving 
machinery such as conveyors, drive motors, drive belts, gears, and pulleys. 

Hazards associ ated wi th movi ng machi nery inc1 ude pi nch poi nts and ni p poi nts 
where two moving pieces of machinery COOle together or where a moving piece of 
machinery travels close to a stationary object. These points can catch a 
person IS c1 othi ng, hai r, or other parts of the body and draw them into the 
dangerous area, causing a crushing type of injury. Injury may also occur as the 
result of contact with unguarded rotating or translating equipment. Unguarded 
augers can be particularly dangerous. Although guards are required by OSHA 
regulations, adequate devices are not always provided [26]. In one reported 
incident, a man was crushed and ki 11 ed when trapped between a conveyor and a 
tension roller. Fencing was provided by the manufacturer on the basic installa­
tion; however, the tension roller had been added later. The fixed fencing pro­
vided for the other rollers was not extended to cover the nip point into which 
the worker was pulled and trapped [27]. 

Belt conveyors frequently run for long distances. Unless adequate crossovers are 
provided, employees may attempt to step on or over the belt. Conveyors could be 
started remotely, or the employee could lose his balance over a running conveyor. 
Either case could result in a serious injury. 

Compressed air equipment is a common source of lnJury. Improper use may result 
in direct eye injury, or dislodged materials could enter the eye or be ingested. 
Oi recti on of the ai r stream toward the body can al so dri ve fore; gn materi al s 
under the sk; n. Pressure regul ati on devi ces are often unused or bypassed and 
protective equipment may not be used [28]. 

Maintenance and repair are ongoing processes in any industry. Operations may be 
performed by employees or outside contractors. Many serious accidents occur when 
someone activates equipment on which work is being done by other employees. The 
chance of equipment being inadvertently started during maintenance is a problem 
that usually can be attri buted to the 1 ack of a lockout or tagout system, or 
fail ure to impl ement the system [29] [30]. Present industry practi ces vary from 
nonorgani zed systems to fully documented techni ques r; gidly enforced by manage­
ment. 

One worker was ki 11 ed as he 1 eaned into the machi ne to cl ean the ri bbon bl ades 
while performing a routine cleanup of a batch mixer. The main switch for the 
mixer was on a separate floor and was located adjacent to another switch box. 
Another employee operated the switch and inadvertently turned on the machine. He 
knew the mixer was being cleaned, although he thought the job had been completed 
earlier. Company policy dictated the use of lockout procedures for all main­
tenance and cleaning operations; however, the procedure was not followed [31]. 
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In another case, two workmen were standi ng on a stati onary bel t conveyor pre­
paring to remove a chute above it. As they were standing there, the conveyor 
started. One of the men was thrown agai nst the si de of the chute and was ki 11 ed • 

. It was 1 ater detenni ned that the conveyor had not been i sol ated al though there 
was an established procedure to do so [27]. 

Other general mai ntenance probl ems may occur from improper use of hand or power 
tools or while using grinding, cutting, or welding equipment. Except for those 
fl ammabil ity considerations addressed previously, the associ ated hazards are not 
unique to grain elevators and feed mills. 

Vehicles and Lifting Equipment 

Various types of vehicles and lifting equipment are used for material and equip­
ment handl ing in and around grain elevators and feed mill s. In addition to the 
vehicles used for shipping and receiving, small industrial trucks are common. 
Lifting devices such as hoists are also used in most facilities. 

The receiving and shipping areas of grain elevators are generally the areas of 
highest activity. Rail receiving areas are probably the most dangerous as the 
result of moving rail cars and engines. Injuries may also occur from use of 
heavy equipment, car pullers, or the use of large pry bars for opening boxcar 
doors or hopper car dump val ves. Employees may be requi red to cl imb rai 1 cars 
for sampling or other activities, and falls may occur. Use of restraints when 
working on rail cars is not always feasible. Barge receiving and shipping areas 
introduce hazards associ ated wi th water and with movement of the barges duri ng 
loading and unloading. Footing is frequently poor in dock areas. Truck 
receiving hazards include the possibility of being struck by a moving vehicle or 
falling into an open dump platfonn pit. In some cases, trucks can fall from an 
elevated platfonn if not properly secured or if the load shifts rapidly. 
Personnel may al so be requi red to crawl under hopper-type trucks to open and 
close dump valves. 

Industrial trucks include forklifts and front-end loaders. Associated hazards 
are usually related to lack of adequate training, operating outside of design 
1 imits, or 1 ack of employee attenti on. These hazards are common to all indus­
tri es; however, thei r frequent occurrence when unl oadi ng barges, boxcars, and 
steel bins, and during general material and equipment handling, merits extra 
consideration. 

Hoists are also used extensively for lifting large components and equipment. 
Smaller units are used for lowering personnel into bins. Accidents may result 
from defective or inadequately secured equi pment or from worki ng on unprotected, 
elevated platfonns. Ropes, cables, boatswain's chairs, slings, hooks, winches, 
braces, and their interconnections should be properly maintained and inspected 
peri od i cally. 

Manual Handling 

Many handl i ng operati ons are perfonned manua 11 y. These operations resul tin 
numerous back injuries and sprains from improper handling techniques or handling 
oversize or overweight material. Employees should be instructed in proper 
handling techniques [32]. 
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.. Confined Spaces 

,Entering and working in confined spaces such as bins, tunnels, tanks, and pits 
are comnon. Accessibility and maneuverability are frequently difficult, and 
there may be a lack of direct communication to standby personnel. Suspended dust 
may limit visibility and necessitate the use of dust masks or respirators. These 
conditions tend to magnify an occurrence which normally would be a minor incident 
(33]. 

Lack of sui tabl e atmosphere as the resul t of poor venti 1 ati on or the use of 
fumigants can be a problem when entering confined spaces. Oxygen may be consumed 
as the result of chemical reactions such as the formation of rust or because of 
fermentation of grain. In a case reported by the National Safety Council (34], a 
man evidently was overcome by a lack of oxygen at the bottom of a flat-bottomed 
bin. Since he was out of his boatswain's chair, fellow workers were not able to 
rescue hi m. In another case, a worker suffocated when lowered by hoi st into a 
grain storage bin to clear a blockage of grain. The worker was employed by an 
outside firm, hired by the grain company. Tests by safety inspectors later 
showed that the oxygen level in the bin was as low as 3 percent. Officials said 
the grain blocking the bottom of the bi n had fermented, using up most of the 
oxygen. Atmosphere in the bin was not tested for oxygen deficiency before 
sending the worker inside. 

Entrapment and suffocation are special hazards in grain bins. Suspended grain or 
crusted surfaces may suddenly break loose and bury workers. Entrapnent and 
buri al can occur wi thi n a matter of seconds (26] (35]. In one incident, a man 
was swinging in a boatswain's chair suspended on a 3/8-inch steel rope in a bin 
containing soybean meal. While poking down some of the meal, he allowed the 
chair to swing below the level of the material. The meal released suddenly and 
fell on him, breaking the steel rope and carrying him to the bottom (34]. 

In another case, two men were working outside a bin which was being emptied of 
grai n. They thought the bi n was cl ear enough to be entered through the bottom 
access door. One of the men entered and was buried by material which was 
adhering to the sides of the bin. He was unable to find the access door, and the 
other man failed to locate him in time to save him (34]. 

Some grains act like quicksand, and the hazard is intensified if material is 
being drawn from the bin. A fatality occurred as the direct result of running an 
auger to remove grain while workers were cleaning a bin. One worker was trapped 
by the sucti on created by the auger and was not abl e to free himsel f, even with 
the assi stance of another anployee in the bi n. The other employee was not able 
to communicate with other employees or egress the bin in time to save the worker 
[361. 

HEALTH HAZARDS 

The primary health hazards in grain elevators and feed mills are: (1) Exposure to 
toxic fumigants and pesticides and (2) exposure to grain dust. In addition to 
being a "nuisance dust," grain dust can contain insects, fungi, and molds. It 
was concluded in a recent study that grain handlers had a higher prevalence of 
respiratory symptoms than comparable nongrain-handl ing workers. I)n certain 
occasions, the symptoms of exposure to dust levels below accepted TLV nuisance 
dust (15 mill ;grams per cubic meter) appeared to affect workers I perfonnance and 
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sense of well being [37]. All workers are exposed to dust to some degree; how-
l! ever, dust levels vary widely between facilities and specific locations within 

facilities. Various tasks, such as cleaning and sweeping, usually result in high 
airborne dust levels. Dust masks are used in nearly all facilities; however, 
types of masks and degree of their usage are inconsistent. 

Applying fumigants and pesticides, without taking proper precautions or using 
adequate protecti ve equi pment, can be harmful. Hazards are usually correl ated 
with the individuals applying the chemicals; however, other personnel may be 
exposed. Fumigants appl ied at the bin top may leak into basements where 
personnel are working, or employees may enter a tank which still contains vapors. 
Grain may al so be fumigated in one facil ity and shipped without the receiving 
facility being infonned. Although not specifically addressed in this document, 
exposure to dust, fumigants, and pesticides needs to be considered as one of the 
overall safety problems. Other health problems in grain-handling and -processing 
facil ities may incl ude exposure to noise and vibration. High noise level scan 
occur as a result of machinery operation as well as grain being thrown against 
casings or spouts. Vibration results from the operation of various machinery and 
associated drive motors and gears. 
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SAFE WORK PRACTICES, ENGINEERING CONTROLS AND TRAINING NEEDS 

INTRODUCTION 

This section contains the practices recommended as a means of reducing accidents 
and injuries in grain elevators and feed mills. The recommendations are designed 
to make the workpl ace safer, and to make workers and managenent aware of the 
hazards nomally associated with these facilities. The recomnendations are 
performance oriented where possible, stating the goal to be achieved. Successful 
and unsuccessful methods of achi evi ng the goal, and the criteri a upon whi ch the 
recommendations are based, are addressed where applicable. 

DEFINITION OF TERMS 

The following definitions are used for purposes of this document: 

Bucket Elevator. A continuous conveyor belt with equally spaced buckets 
attached, Which elevates and discharges material into a spout or other 
receiver. Elevation is usually vertical although some bucket elevators are 
sloping. The main sections of a bucket elevator are usually referred to as 
the head, boot and 1 eg. The head is the top secti on of a bucket el evator 
where the drive is located and the material is discharged. The boot is the 
bottom section where material enters the bucket elevator and is picked up by 
the buckets. The leg is the section between the head and boot. 

Choke Feeding. A condition of material buildup in a spout or hopper without 
stoppage Of CJischarge flow. Choke feeding may be used to provide an even 
feeding rate or reduce grain breakage and dust generation. 

Choked Condition. A condition of material buildup in spouts, hoppers, or 
equipment that results in stoppage of material flow in a conveying system. 

Class II Locations. Locations that are hazardous because of the presence of 
combustlble dust. Class II locations include the following: 

1. Class II, Division 1. A Class II, Division 1 location is a loca­
tion: (1) In which combustible dust is or may be in suspension in 
the air under normal operating conditions, in quantities sufficient 
to produce explosive or ignitable mixtures; or (2) where mechanical 
failure or abnormal operation of machinery or equipment might cause 
such explosive or ignitable mixtures to be produced, and might also 
provide a source of ignition through simultaneous failure of elec­
trical equipment, operation of protection devices, or from other 
causes; or (3) in which combustible dusts of an electrically con­
ductive nature may be present. 
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2. Class II, Division 2. A Class II, Division 2 location is a location 
in which (1) combustible dust will not normally be in suspension in 
the air in quantities sufficient to produce explosive or ignitable 
mixtures; and dust accumulations are normally insufficient to 
interfere with the normal operation of electrical equipment or 
other apparatus; or (2) dust may be in suspension in the air as a 
result of infrequent malfunctioning of handling or processing 
equipment, and dust accumulations resulting therefrom may be ignit­
able by abnormal operation or failure of electrical equipment or 
other apparatus. 

Combustible Dust. A dust capable of undergoing combustion or of burning 
When subjected to a source of ignition in the presence of atmospheric 
oxygen. 

Confined Space. An enclosed or partially enclosed space which: (1) Has 
limitea openings for entry and exit, (2) is not intended for continuous 
employee occupancy, and (3) because of its desi gn, atmosphere, contents or 
other condition, may be hazardous to a worker required to enter it. 

Dust. Any finely divided sol id material formed by disintegration processes 
whether product or waste. 

Explosion. Combustion of a dust, vapor, or gas "';'ich results in the rapid 
development of heat and pressure within an enclosed space. 

Feed Mill. An establishment primarily engaged in manufacturing feed for 
animals. 

Foreign Material. Any unwanted objects or materials inadvertently mixed 
with the grain or feed. Foreign materials may include nails, bolts, sticks, 
stones, dirt, and other similar items. 

Grain Elevator. An establishment primarily engaged in the receipt, han­
dling, storage, and shipment of grain (such as corn, wheat, oats, barley, 
and un pol ished rice) and beans. Facil ities may be cl assified as country 
elevators, inland terminals, or port terminals, or may be operated in 
support of grain-processing facilities. 

Group G Atmospheres. Atmospheres containing flour, starch, or grain dust. 

Headhouse. A portion of a grain elevator used to house grain-handling 
equlpment. The headhouse may include equipment to elevate grain, weigh 
grain, clean grain, direct grain flow to bins or conveyors, sample grain, or 
perform other operat ions. The terms headhouse and workhouse are usuall y 
used interchangeabl y, al though sometimes the secti on of the workhouse that 
extends above the bi ns is referred to as the headhouse because the head 
pulleys of the bucket elevators are located there. 

Hot Work. Work involving electric or gas welding, cutting, brazing, or 
similar heat-producing operations, as well as work such as grinding which 
produces a potential source of ignition. 
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Jogging. Repeated starting of drive motors in an attempt to clear choked 
equi pment. 

La~g;ng. 
fr,ct;on 
grooved 
elevator 

A cover; ng on dri ve pull eys used to increase the coeffi ci ent of 
between the pull ey and the bel t. Laggi ng may have a smooth or 
surface and is usually installed on belt conveyor and bucket 
head pulleys as well as flat belt power transmission pulleys. 

Lower Ex 1 osi ve Limit LEL. The mi nimum concentration of a fl anmabl e or 
c e gas, vapor, or dust in air which will allow flame propagation. 

Perm iss i b 1 e E x 
contam' nant to 
Subpart Z. 

Permit. An authorization and approval in writing that specifies the loca­
tion and the work to be performed, and certifies that all hazards have been 
eval uated by a qual ified person and necessary protective measures have been 
taken to ensure the safety of each worker. 

Qualified Person. A person, designated by the employer, capable (by reason 
of training and/or experience) of recognizing and evaluating exposure to 
unsafe conditions and specifying necessary controls and/or actions to ensure 
worker safety. 

Scalper. Screening machinery used to remove foreign material larger than 
the grain or feed itself. 

Tramp Metal. Any metallic objects or materials that are inadvertently mixed 
with the grain or feed. Tramp metal may include nails, bolts, wires, tools, 
or any other metallic items. 

Tripper. A device used to divert grain or material from a conveyor belt 
into a bin opening, hopper spout, or machine. 

Turnhead. A device that distributes or routes grain or material from one 
spout, bin hopper or machine to two or more bins, spouts, or machines. 

TRAINING 

Occupat i onal hazards are caused by the interacti on between workpl ace, machi ne, 
and humans. Studies have shown that 85% or more of all industrial injuries and 
illness are caused by unsafe acts. Without emphasis on the human element, a safe 
workplace cannot be achieved. 

The val ue of employee trai ni ng is recogni zed throughout industry. A safe opera­
ti on 1 argely depends upon employees who are properl y i nfonned and aware of the 
potential hazards. To be effective, training must be done by a knowledgeable 
person and must address safe perfonnance of the assi gned tasks as well as other 
relevant aspects of hazard recognition and control within the workplace [38J [39] 
[40] [41] [42] [43J. The employer is responsible for establ ishing a training 
program commensurate with the tasks to be performed and safe work practices to be 
foll owed. 
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.. Personnel need to be made aware of the general hazards which may be encountered 
in grain elevators and feed mills, the specific hazards which may be encountered 

. in the perfonnance of their assigned tasks, and the necessary actions or pre­
cautions to be taken to prevent accidents. In addition to training for the 
equipment, machinery, and vehicles which the employee will operate or use to 
accompl ish the assi gned tasks, trai ni ng shoul d cover the use of personal protec­
tive equipment, emergency procedures, and other applicable work practices recom­
mended in this report. 

Training programs should include both general orientation sessions and on-the-job 
training. Safety orientation should include classroom sessions addressing safety 
rul es and pol ici es and a wal k-through of the faci 1 ity. After the enployee has 
received a basic understanding of the operation and the hazards involved, on-the­
job instruction including demonstrations and supervised participation in actual 
work practices should be provided. Training should not be considered complete 
until it has been demonstrated to the satisfaction of the employer, or the person 
designated by the employer to conduct the training, that the employee is able to 
perform the assigned tasks safely and is familiar with the precautions that must 
be taken in the workplace to prevent injuries. Retraining should be conducted as 
needed to assure that workers are able to perform their duties in a safe manner. 

Safety orientation programs should al so be developed for contractor personnel. 
The program shoul d address safety rul es and pol icies, hazards associated with 
combustible dust, and other specific hazards that may be encountered in grain 
elevators and feed mills with which the contractor personnel may not be familiar. 

ADMINISTRATIVE CONTROLS 

The first step in an effective safety program is management commitment. To 
reduce accidents, it is essential that management be fully conmitted to work 
safety and insist that all employees be involved. Employers are required by law 
to provide a place of employment free from recognized hazards. To achieve this 
end, management must ensure that hazards are identified and effective hazard 
controls are developed, implemented, and remain in continuous use [44J [45J. 
Persons responsible for safety in the facility should be clearly identified. 

Identi fi cati on of hazards and associ ated safe work practices can best be accom­
plished by conducting a system safety analYSis of the facility and operations. 
Various techniques such as a "job safety analysis," which breaks jobs into a 
sequence of steps that can be more easily addressed, can be applied. Safety 
analyses can be done infonnally; however, a fonnal approach which results in 
detailed operational procedures is usually most effective. Analysis should 
initially be accomplished on operations where experience indicates accidents and 
injuries are most likely to occur. 

The following administrative controls should be implemented as a part of an 
effective safety program. 

1. Establish an effective training program. 

2. Ensure that a comprehensive dust control program is developed and imple­
mented. 
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3. Ensure that all equipment and machinery are in a safe operating condi­
tion, are capable of safely performing the job for which they are used, 
and are regularly maintained and inspected. 

4. Ensure that adequate procedural control s are developed and impl emented 
for hot ~rk, confi ned space entry and other potent i all y hazardous 
operations. 

5. Establish and enforce general safety rules. Rules should address use of 
smoking material, alcohol, drugs, and weapons as well as policies 
covering use of protective equipment and accident reporting systems. 
Compliance with safety policies should be stipulated as a condition of 
employment. 

6. Establish necessary controls for visitors and outside contractors. 

7. Ensure compliance with safety and health regulations. 

8. Ensure that the safe work practices contained in the report are 
evaluated and applied where applicable. 

Employee safety committees can be key el ements of industri al safety programs. 
Committees typically meet periodically with management representatives to examine 
potenti al safety issues and recommend abatement procedures. Committee members 
may also perform safety inspections and review accident reports. and perform other 
safety-related functions. 

PERSONAL PROTECTIVE EQUIPMENT 

Many cases have been recorded of traumati c inj ury, respi ratory di stress, and 
dermal exposure to toxic and corrosive substances in grain elevators and feed 
mills. A review of the literature indicates a significant number of injuries 
could have been prevented by the use of protective equipment. Engineering and 
administrative controls should be used where possible as the primary means of 
protection from workplace hazards. Use of personal protective equipment is 
necessary, however, where known controls are not fully effective or while 
controls are being implemented [46] [47] [44] [38] [48]. 

Although some types of personal protective equipment are needed in most facil i­
ties, specific requirements vary and should be determined by a qualified person 
on the basis of the facility, operations, location and other considerations of 
the work environment. Major concerns which may necessitate the use of protective 
equipment in grain elevators and feed mills include the chance of falling 
objects, the presence of atmospheric dust, use of fumigants, and the need to 
enter confined spaces. Other potential hazards which should be evaluated include 
exposure to high noise levels, overhead obstructions, temperature extremes, 
electrical equipment, sparks and flying objects, and irritating, corrosive and 
toxic substances [46] [47] [44]. 

Protective equipment must be properly maintained and inspected on a regular 
basis. Visual inspections should normally be conducted before each use, and more 
thorough scheduled inspections accomplished depending on the equipment. The type 
and frequency of required maintenance and inspection are usually available from 
the suppl ier or manufacturer or included in appl icable OSHA standards. Written 
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records should be kept that reflect scheduled inspection dates, inspection 
results, and maintenance performed. Logs should also be kept on limited life 

. items. 

The employer is responsible for the provision of adequate protective equipment 
and its proper use by employees. This can more easily be accomplished if the 
workers understand the necessity of the equipment and the equipment is not overly 
uncanfortable or cumbersome. Instructi on and trai ni ng are necessary to ensure 
that workers understand the 1 imitati ons of the equi pment and are abl e to use it 
properl y. 

Items nonnally needed to protect personnel from injury or illness include: Hard 
hats, safety glasses or goggles, respirators, safety belts, harnesses, and life­
lines. Other protective equipment such as ear plugs, protective footwear, gloves 
and flotation devices may be required in some applications. 

Head Protection 

Protective headgear is needed where there is a possibility of impact from falling 
or flying objects or overhead obstructions. Specialized headgear may be required 
to protect against specific hazards such as electrical shock, burns, and exposure 
to cold weather. Headgear provided for protection from falling or flying objects 
must meet the requi rements speci fi ed in 29 CFR 1910.135. Protecti ve headgear 
should be visually inspected before each use and repaired or replaced when 
cracked, chipped, or otherwise damaged. 

Eye and Face Protection 

Sui tab 1 e protection is needed where there is a chance of i nj ury from fl yi ng 
objects or exposure to irritating substances. Impact-resistant safety glasses or 
safety goggles are required where there is a chance of injury from flying 
particles, sparks, or other small objects. Optically corrected safety glasses or 
safety goggles that can be worn· over optically corrected glasses may be needed 
for persons using corrective lenses. Safety goggles may be required where eye­
irritating chemicals, vapors, or dusts are present. A full coverage face shield 
is needed if both the eyes and face are exposed to a hazard. Protective eye and 
face equipment must meet the requirements in 29 CFR 1910.133. Persons engaged in 
welding and cutting operations must use goggles and shields in accordance with 29 
CFR 1910.252. Contact lenses should not be worn in grain-handling or milling 
areas where airborne dust is present. Equipment should be visually inspected 
before each use for loose, scratched, pitted, or otherwi se damaged components 
that may reduce protection or obscure vision. 

Respiratory Protection 

Appropri ate respi ratory protecti ve equi pment is needed whenever personnel are 
exposed to particulate, gas, or vapor contaminants exceeding the permissible 
exposure limit (PEL), or an oxygen deficiency. The type of respiratory equipment 
used should be determined by a qualified person on the basis of the specific 
conditions and atmospheric test results. Respirators must be NIOSH and OSHA 
approved devices and be fitted, used, and maintained in accordance with 29 CFR 
1910.134. 
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Oust masks for protection from particulate contaminants are the most frequently 
used respiratory devices in grain-handling and -processing facilities. Oust 

. masks may be disposable or have a reusable frame with a disposable filter 
element. Some facilities provide enclosed, forced air respiratory devices for 
excessively dusty operations such as bin cleaning. Chemical cartridge 
respirators are used to provide protection from low concentrations of known gases 
and vapors in areas where there is no oxygen deficiency. Supplied air 
respirators or self-contained breathing apparatus are needed in oxygen deficient 
atmospheres. 

Safety Belts, Harnesses, and Lifelines 

Safety bel ts or harnesses are needed \It'henever enployees are requi red to work at 
elevated stati ons 10 feet or more above grade 1 evel and are not otherwi se pro­
tected from fall s. The bel ts or harnesses must be attached to a secure poi nt or 
other device designed to prevent uncontrolled movement. Lanyards and 1 ifel ines 
should be sized or adjusted to minimize free-fall distance consistent with 
freedom of movement. In no case should free-fall distance exceed 6 feet (1.8 m). 
On vehicles such as rail cars, where no reasonably effective secure point exists, 
other means of protecting workers, such as providing access platforms, should be 
considered. Belts or harnesses with lifelines are also needed when entering bins 
from above and in other applications where their use could prevent serious injury 
or enhance rescue. 

Equipment should comply with the requirements contained in Prnerican National 
Standard A10.14, "Constructi on and Use of Individual Safety Bel ts, Harnesses, 
Lanyards, and Oroplines." Prior to each use, equipment should be inspected for 
dry rot, cherni ca 1, mechani ca 1, or other damage that may affect its st rength • 
Defective lifelines should not be used. Care should be taken to ensure that the 
line is not placed over a sharp edge, or cut or pinched. 

Hearing Protection 

Ear plugs, ear muffs, or other suitable devices are needed when workers are 
exposed to ambient sound levels exceeding the permissible exposure levels speci­
fied in table G-16 of 29 CFR 1910.95. Sound level meters used to measure noise 
levels must be compatible with the environment in which they are used. Rotation 
of personnel, rest ri ct; ng personnel access to no; sy areas, use of barr; ers and 
other administrative and engineering controls should be used where possible as 
the primary means of limiting exposure. 

Foot Protecti on 

Personnel exposed to foot , nJ uri es as the resul t of impact from fall i ng or 
rolling objects should be provided with protective footwear. The footwear should 
be slip resistant on dusty or wet surfaces and provide protection against pene­
tration by sharp objects. Specialized footwear may be needed to protect against 
specific hazards such as electrical shock. Protective footwear must meet the 
specifications set forth in 29 CFR 1910.136. 

Hand Protection 

Protective gloves may be required to protect workers exposed to sharp or abrasive 
surfaces or irritating chemicals. The type of glove needed is dependent upon the 
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specific hazard. Impervious gloves should be worn when handling irritating 
chemical s. Other special ized gloves may be required when hands are exposed to 

. hazards such as electrical shock or thermal extremes. 

Flotation Devices 

u.s. Coast Guard approved personal flotation devices are needed whenever an 
employee is exposed to danger of falls into water, such as when working on barges 
and unprotected docks. At least one 30-inch U.S. Coast Guard approved life ring 
with not less than 90 feet of line attached is required on docks, in the vicinity 
of barges or vessels, and in other locations where employees work near water. 

SAFE WORK PRACTICES 

Dust Control 

A comprehensive dust-control program is central to the control of fires and 
explosions in grai n-handl ing and -processing facil ities. Grain dust explosions 
can occur in enclosed areas whenever ai rborne dust concentrati ons are wi thi n 
certain limits and an ignition source is present. Good design and management can 
reduce the chance of a source of ignition being present. In practice, however, 
all potential sources of ignition cannot be completely eliminated. The exclusion 
of sources of ignition cannot be relied upon as the sole method of protection 
against explosion [8] [12] [49]. 

Dust control can be achieved by various methods. For this reason, a requirement 
to use a specific method of dust control is not appropriate. Rather, a compre­
hensive dust-control program shoul d be developed by a qual i fi ed person on the 
basis of the specific conditions at the facility. An effective dust-control 
program must address both ai rborne and 1 ayered dust. Al though they may be con­
sidered separately, they are complementary. Layered dust cannot be adequately 
controlled if airborne dust levels are excessive. Application of dust-control 
techni ques may al so be necessary for envi ronmental or heal th purposes in open 
areas such as those used for barge or ship loading or unloading. However, the 
recommendations contained in this section do not specifically address these 
areas. 

Good housekeeping is probably the single most important factor in reducing the 
risks associated with grain dust explosions. Even with effective airborne dust 
controls, some dust will escape and settle on floors, equipment, ledges, and 
other surfaces. Burning dust can cause a serious fire, or if disturbed or trans­
ported to a turbulent area, could initiate an explosion. In addition, dust 
accumulations can provide the fuel for extremely destructive secondary explo­
sions. In many cases, a relatively minor primary explosion has been followed by 
a series of devastating secondary explosions, fueled by layered dust thrown into 
suspension by the shock of previous explosions [8] [12J [40] [50J [51J. Although 
the value of good housekeeping is recognized throughout the industry, there is no 
consensus of what constitutes a clean plant. The Canadian Grain Handling 
Association [50] and several other sources [40J [51] recommend that layered dust 
1 evel s shaul d not exceed 1/8 inch, with the prov i si on that every effort be made 
to do better. Although the l/8-inch 1 imit, if maintained, would improve 
cleanliness levels in many facilities, it is considered excessive. Dust 
accumulations as little as 1/64 inch could support secondary explosions if dis­
persed into the air [12] [52J. Because of the importance attributed to cleanup 
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is recommended that thorough cleanup of floors. stairs. ledges. girders • 
.i machinery. spouting. and other surfaces within grain-handling and -processing 

. areas where dust may accumulate be accomplished at least daily. Emphasis should 
be placed on cleanup of 1 ayered dust on motors. generators. bea ri ngs, and other 
heat-generating equipment and wann surfaces. In facilities where significant 
amounts of dust acclOnul ate duri ng a workday, dai ly cl eanup may not be adequate, 
and additional dust cleanup should be provided, concurrent with operations [40]. 
When possible. dust should be cleaned up whenever it leaves visible tracks. The 
housekeepi ng program must address hi dden, as well as vi si b 1 e dust. Layered dust 
within enclosures, and in other areas which are not easily accessible should be 
cleaned at regul ar interval s detennined by a qual ified person. Daily house­
keeping should be supplemented by periodic facility shutdown and thorough 
cleanup, including washing down where possible. These thorough cleanups should 
be accanpl i shed at 1 east yearly. 

The method of dust cleanup should minimize generation of airborne dust. The most 
effective way to accanplish this is to use a control vaccum system. Portable 
vacuum systems can be used. but they are usually less effi ci ent and can be 
difficult to maneuver around equipment. Vacuums must be approved for use in 
Class II. Group G, locations. Broans are frequently used for cleaning layered 
dust. Brooms should be soft, and generation of excessive airborne dust should be 
avoided. Compressed air is used in some facilities for "blowing down" surfaces 
and equipment which are not otherwise easily accessible. Since blowing down 
generates airborne dust. this must be done only after shutting down and locking 
out equipment in the area and eliminating other possible ignition sources. 
Sweeping dust from tops of equipment or ledges requires similar precautions if 
resulting airborne dust levels are within or near explosive limits. 

Housekeeping considerations. such as minimizing horizontal ledges and blind or 
inaccessible areas, should be included in the facility design. Techniques such 
as the addition of sloped flashings to ledges can be used in existing facilities. 

Airborne dust levels can be controlled by various techniques. Pneumatic dust­
collection systems, when properly designed and operated, effectively control dust 
1 evel s at conveyor transfer poi nts, di stributors, cl eaners, and other areas of 
turbulence. Pneumatic systems use bag filters and cyclone separators. although 
cyclones are not being used in most new applications because they discharge some 
of the fi ner dust into the atmosphere. Cyc 1 ones are somet i mes used in conj unc­
ti on wi th bag fil ters to reduce the amount of dust coll ected in the fil ters. 
Although this can be effective, the setup is more compl icated and less energy 
efficient. Removal of the larger particles in the cyclone may also contribute to 
clogging of the bag filters. Rag collectors and dust storage units should be 
vented or located outside the facility to reduce the explosion hazard. 

Guidel ines for the safe design and operation of dust-collection systems are 
contained in Section 8.3 of NFPA 61B-1980 for grain elevators and Section 603 of 
NFPA 61C-1973 for feed mills. Inspection, serviCing, and maintenance of 
dust-control equi pment shoul d be accompl i shed on a regul ar basi s. Handl i ng and 
processing equipment should not be operated unless the associated dust-collection 
systems are al so operating properly. Provisions for monitoring pressure in dust 
collectors are recommended to aid in verification of proper system operation. 
Pressure taps on branch dusts can be used to veri fy proper ai r velocity wi thi n 
the ducts. 
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Use of enc 1 osed equ i pment, such as auger and drag conveyors, is effective in 
reducing airborne dust levels. Enclosed belt conveyors are also used in some 
facilities. However, enclosed equiJl11ent can pose a substantial explosion hazard 
if internal suspended dust 1 evel s exceed the lower· expl osi ve 1 imit or if exces­
sive dust deposits accumulate within the enclosure. 

Ducts, spouts, and equipment casings should be dust tight. Access and inspection 
doors on bins, conveyors, bucket elevators, mixers, and other dust-producing 
equi pment shoul d be desi gned to be dust ti ght and shoul d be kept closed when not 
in use. Other means of reducing airborne dust levels include speed reduction and 
deeper troughs on belt conveyors, speed reduction and larger capacity buckets on 
bucket elevators, use of choke feeding at discharge points, pressurization 
systems, and venting systems on scales, garners, and bins. 

The effectiveness of the method used for airborne dust control can be measured in 
two ways. First, dust levels at grain transfer points and with',n handling and 
processing equipment should be maintained below the lower explosive limit. 
Although this level will not always be attainable, it should be the ~al c 

Second, airborne dust control must be such that, in conjunction with housekeeping 
activities, layered dust levels do not become excessive. (In addition, when 
workers are present, exposure to airborne dust levels must be limited in accord­
ance with the requirements contained in 29 CFR 1910.1000.) 

The hazards associ ated with returni ng coll ected dust to the grain are wi del y 
debated. Some i ndi vidual sand organi zati ons argue that 1 imiti ng rei ntroducti on 
of dust will not el iminate the problem since not all of the dust is removed from 
the grain, and repeated handl ing generates additional dust [53] [54]. Other 
organizations recommend complete removal of all collected dust from the facility, 
a practice followed in grain elevators in Canada and Australia. The U.S. Depart­
ment of Agriculture believes that this single practice could significantly reduce 
the magnitude of the current explosion problem. Dust collected in bag type 
filters usually contains a high percentage of very fine particles at reduced 
moisture content, which are easier to ignite and potentially more destructive. 
Since removal of this fine, artificially drieQ dust should alleviate the problems 
[1] [53] [41], reintroduction of dust in grain elevators where it may be 
rehandled in the facil ity is not recommended. Dust should never be reintroduced 
in areas of high turbulence, such as the boot pits of bucket elevators, where 
dust may be thrown into suspensi on. In feed mi 11 s where amounts of coll ected 
dust are usually much smaller and· the dust is subsequently processed along with 
the grain, reintroduction of dust is considered acceptable. 

Hot Work 

Facility modifications and equipment repair frequently require welding and cut­
ting in grain elevators and feed mills. These operations are potentially the 
most hazardous performed. Hot work has accounted for more fires and explosions 
in grain-handling facilities than any other known cause [1]. The extremely high 
temperatures and sparks generated duri ng wel ding and cutti ng operat ions dictate 
the need for strict control. Use of a permit system is an effective means of 
providing control [39] [53] [55] [56] [57] [58]. Permits are needed for all hot 
work performed outside of des i gnated maintenance areas to ensure necessary pre­
cautions have been taken. Hot work permits should be used for welding, cutting, 
brazing, soldering, grinding, using explosive actuated tools, and any other 
operations which could produce high amounts of heat or energy. 
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The permit provides written authorization of a supervisor or other qual ified 
person for perfonni ng the work. It is signed only after the work site has been 
inspected and it has been veri fi ed that the necessary precauti ons have been 

"taken. The permit is also signed by the persons performing the work and support 
personnel to indicate that they are aware of the potential hazards and safe work 
practices that must be followed. It is particularly important that contractors 
follow the permit requirements since they may not be famil iar with the fire and 
explosion hazard in grain-handling and -processing facilities [8] [40] [53]. 
Prior to issuing a permit it should be determined by the supervisor or qual ified 
person that the work cannot reasonably be moved to a designated maintenance area 
or a nonhazardous area outside the facility. Alternate methods such as the use 
of hand saws or bolt fasteners may also eliminate the need for hot work. 
Al though these al ternate techni ques are not al ways practi cal, they shoul d be 
eval uated pri or to i ssui ng the pennit because of the potential safety benefits 
[40] [53] [55]. 

The expi rati on time for permits is not normall y addressed in the 1 iterature. 
Sane sources imply that a pennit should be issued for each specific job. Others 
indicate that the permit should be renewed daily or at the beginning of each 
shift. Since a major intent of the permit is to verify that the operator is 
familiar with the hazards and the safety precautions, it is reconmended that the 
permit be renewed at the beginning of each shift. 

Personnel performing welding, cutting, or other hot work must be properly 
instructed and qual ifi ed to operate the equi lJT1ent and be made aware of the 
hazards and associated safe work practices. Carelessness or lack of knowledge of 
the danger of dust expl osi ons by the person performi ng the work has resulted in 
many explOSions [59] [58]. Workers should receive training in proper use, main­
tenance, and inspection of equipment, ventilation requirements, and requirements 
for protective equipment. Where work is accomplished in hazardous areas such as 
in confined spaces, in areas containing combustible materials, or on elevated 
work pl atforms, additional training is needed to cover the specific safe work 
practices. Outside contractors must be instructed on the "specific fire and 
explosion hazardS that they may encounter in grain-handling facilities. 

Special precautions are necessary when there is an exposure to Class II, Group G 
areas [2] [40] [53] [55] [57]. Complete shutdown of the facil ity prior to con­
ducting any hot work "in these areas is reconmended. Where the entire facility 
cannot reasonably be shut down, dust-producing operations must be terminated 
within the work area and in adj acent areas where ai rborne dust coul d reach the 
work area. Necessary precautions, such as lockout techniques, should be taken to 
prevent inadvertent startup of equilJT1ent while it is being worked on or where 
airborne dust could be produced. Equipment should remain off until the hot work 
has been completed and cooled, and the area has been inspected for residual heat 
and smoldering fires. 

Combustible materials within 35 feet of the work area should be removed. When 
materials cannot reasonably be removed, they must be protected by fire-resistant 
shields or covers. Wetting of combustible material s in the area is recommended 
as an additional precaution. Care must be taken to protect combustibles such as 
plastic spout liners and leg belts which pose special problems since they may be 
concealed from view. 
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Floors, ledges, and other surfaces within 35 feet of the hot work area must be 
-4 thoroughly cleaned of dust and debris. Cleanup must include removal of dust in 

overhead areas that could be disturbed during the hot work operation. Where hot 
work is performed on or near equipment or ducts, the interiors must be thoroughly 
cleaned or protected fran high temperatures. Where hot work is performed near 
walls or floors, adjacent areas must also be inspected and cleaned. Wall, floor 
and other openings where sparks or slag may reach must be sealed. 

A standby person with fire-extinguishing equipment is needed to monitor the area 
while the hot work is being performed and for at least 1/2 hour after cessation 
of the hot work. Additional checks up to 2 hours or more are reconmended. A 
thorough inspection of the work area and adjacent areas should be made for resid­
ual heat and smoldering fires before the standby person leaves. If a security 
guard is enployed duri ng nonoperati ng hours. he shoul d be adv ised that hot work 
has taken pl ace. 

Welding, cutting and brazing equipment should be used in accordance with manufac­
turer's instructions. Personnel must be provided with proper eye protection and 
other necessary protective equipment. Mechanical ventilation should be provided 
as necessary. Operati ons and equi lJTIent must canply wi th the requi rements con­
tained in 29 CFR 1910.252. 

Smoking, Open Flames and Hot Surfaces 

Flames are potent sources of ignition for dust suspensions [60]. Because of the 
effectiveness of flames for igniting dust suspensions and the ease with which 
smoldering materials may be converted into flames, it is universally agreed that 
smoking and open flames must not be allowed in grain-handl ing, -storage and 
-processi ng areas [10] [24] [61] [53] [62] [63]. To mi nimi ze the chance of 
matches, Cigarettes or other smoking materials being thrown into those areas, 
smoking and open flames must also be precluded in inmediately adjacent areas. 

Smoking may be permitted in areas specifically designated by management, such as 
pressurized control rooms, which are free of dust and other flanmables and com­
bustibles. Although some sources rec01Tl11end that smoking be completely banned 
within facilities, there is no evidence to indicate that smoking within dust-free 
areas deSignated by management presents a significant hazard. Smoking and non­
smoking areas must be clearly marked and smoking rule~ must be strictly enforced. 

Heating equipment must be suitable for the location in which it is used. Other 
exposed surface temperatures of heated devices, lr.cl udi~ steam pi pes, hot water 
pipes, and hot air ducts, should be kept below 71 C (160 F) [64]. 

Inspection and Maintenance 

Workers in grain elevators and feed mills can receive lnJuries as a direct result 
of equipment failures. In addition, a significant number of dust fires and 
explosions in these facilities have been attributed to machinery malfunctions. A 
program of peri od i c survei 11 ance and prevent i ve ma i ntenance is a necessary and 
effective means of keeping equipment and machinery functioning properly and 
reducing the number of unplanned failures [10, 61, 53, 65, 66, 52, 67]. 
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A program of regular surveillance and preventive maintenance should be imple­
mented at all plants to facilitate operations. As a minimum, a program is needed 

. for safety equi pment, emergency equi pment and operati onal equi pment where a 
malfunction could result in a direct injury or cause a fire, explosion or other 
hazardous condition. 

Inspection and maintenance requirements vary widely between facilities. Specific 
requirements should be established by a qualified person who is familiar with the 
facil ity and the equipment and its use. Requirements should follow 
manufacturer's recommendations, although some modifications may be required 
depending upon the specific use environment of the equipment. All safety and 
emergency equipment such as fire extinguishers, hoses, standpipes, lifelines, and 
emergency ladders should be inspected periodically. Other equipment and 
canponents requiring periodic inspection and maintenance in grain elevators and 
feed mills include bucket elevators, grain dryers, grinders, dust-collection 
systems, conveyors, cleaners and scalpers, bearings, drive belts, manlifts and 
passenger elevators, powered vehicles, and electrical equipment. Inspection and 
maintenance should be performed at regularly scheduled intervals. Where normal 
nonoperati ng peri ods do not accommodate mai ntenance pl anni ng, schedul ed peri ods 
of downtime should be allocated [39, 41, 66, 67, 42]. 

Recordkeeping requirements also vary between facilities. Written records, 
however, are normally needed to ensure that necessary inspection and maintenance 
have been pl anned and are accompl ished as schedul ed. Ali st of equi pment, 
including inspection and maintenance requirements, is needed to properly plan and 
impl ement a preventi ve rnai ntenance program. Records mai ntai ned on the equi pment 
should include the date, maintenance performed and/or the results of the inspec­
tion. Records of equipment failures should also be maintained in order to 
identify possible deficiencies in inspection and maintenance planning. Many 
programs include work order systems to provide a record of maintenance performed. 
Personnel should be instructed to report any abnormal equipment operations when­
ever detected; however, this technique should be used to supplement a maintenance 
program, not replace it [38, 61, 53, 65, 66, 67, 42]. Inspection and maintenance 
shall be performed only by trained and authorized personnel. 

Emergency P·l anni ng 

The val ue of energency pl anning as a means of conserving 1 ife and property is 
generally recognized throughout industry [24] [68] [53] [69]. Timely and 
effi ci ent acti on can mean the di fference between a mi nor inci dent and a maj or 
catastrophe. Coordination with local emergency organizations is strongly recom­
mended. Fire departments. and rescue organizations in particular should be 
requested to tour facilities to become familiar with the particular problems that 
may be encountered. 

Preplanning is needed to determine specific duties, responsibilities and actions 
that should be taken to enhance worker safety during emergencies. Written proce­
dures should be developed in accordance with 29 CFR 1910.38 for fires, explo­
sions, medical emergencies and other emergencies or natural disasters that could 
reasonabl y occur. Other areas to be addressed and the speci fi c content of the 
procedures should be determined by a qualified person on the basis of the 
facil ity size, conditions at the facil ity, and geographical location. Procedures 
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may include prov1s1ons for limiting facility damage if this can be accomplished 
without additional risk; however, safety of personnel must take precedence. The 

. procedures should include but not be limited to definition of the following: 

1. Methods and responsibilities for reporting emergency conditions. Provi­
sions for prompt reporting of energencies should always be a primary 
consideration. Manual pull box devices can be provided or emergencies 
can be reported over intercoms or public address systems. Telephones or 
radios may also be used to report emergencies to a central, continously 
manned location. 

2. Evacuation procedures and location of evacuation routes. Routes should 
be posted in conspicuous and convenient locations. 

3. Methods and responsibil iti es for contacti ng emergency agenci es. Emer-
gency phone numbers should be posted in suitable locations. 

4. Methods and responsibilities for firefighting, rescue, providing medical 
aid and other special assignments. Fire brigades, when established by 
an employer, must compl y wi th the requi rements contained in 29 CFR 
1910.156. Specific training in fighting grain fires should be included. 

5. Location of firefighting, medical, and other emergency equipment. 

6. Methods and responsibilities for accounting for workers, visitors, or 
contractor personnel who may be in the facility. 

A means of infonning workers of an emergency should be an integral part of the 
emergency plan [24] [68] [61]. An alarm system must be provided that is (1) 
capable of being activated in a timely manner, (2) detectable in all areas where 
personnel are located, and (3) distinct from other signals and alarms. Require­
ments for alann systems vary widely. In small facilities, voice conmunications 
are acceptable if they can be heard by all employees. In medium-size facilities, 
a single bell or siren is usually· adequate. In larger facilities, several 
devices may be needed. Special codes to designate the type and location of the 
emergency are successfully used in some facilities, although simple systems are 
preferred to avoid confusion. Alann systems must be maintained and tested in 
accordance with 29 CFR 1910.165. 

For the energency pl an to be effecti ve it must be thoroughl y understood by all 
affected personnel [24] [68] [61]. Training and instruction should be accom­
pl ished Wlen a worker is initially hired and subsequently whenever the worker's 
actions or responsibilities change or procedures are modified. Retraining and/or 
drills should be conducted periodically to ensure that workers remain familiar 
with the procedures. Additional training is needed at least annually where 
personnel are assigned special duties such as firefighting and rescue or may be 
required to use emergency equipment. Training should be comnensurate with the 
functi ons to be perfonned. Fi re dri 11 s are recorrmended several ti mes a year, 
depending on the size of the facility and employee turnover. 

Confined Spaces 

Ent ry into confi ned spaces such as grain bi ns, ho ppers, and other storage tanks 
is frequently required for cleaning, inspection or maintenance. The inherent 
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dangers associated with a confined space clearly indicate the need for strict 
control measures. The literature [31, 34, 70, 71, 68, 72, 73] has shown that the 
development of sound procedures, including the use of a permit system, is a very 
effective method of attaining control. 

Procedures shoul d be developed and impl emented whenever workers are requi red to 
enter bins or other confined spaces. The procedures should incl ude preentry 
preparation, entry, exit, work performed in the confined space, and energency 
operations. Procedures for confined space entry may vary widely depending on the 
type and location of the confined space and the work to be performed. Procedures 
should be specifically designed for each type of entry. 

The permit provides written authorization for entering and working in confined 
spaces, and cl earl y i ndi cates the precauti ons which must be taken to ensure the 
safety of the worker. The permit should .include the location and description of 
the work to be performed, hazards that may be encountered, results of atmospheric 
testi ng, precautionary measures, and safety and protecti ve equi pment requi red. 
The permit should be signed by a supervisor or other qualified person, the 
persons performi ng the work and support personnel. Pri or to si gni ng the permit, 
it must be determi ned that the entry requi rements have been met and necessary 
actions have been accomplished. Although permits may vary throughout the indus­
try, they serve the same purpose; i.e., to ensure the safety of the worker. 

One primary hazard associated with confined space entry is the possibility of 
atmospheric contaminants. Toxic contaminants may exist where pesticides or 
fumigants have been used. Composition changes in stored products or rusting of 
metal walls of the container may, over a period of time, reduce the oxygen con­
tent below safe level s. The need for atmospheric eval uation prior to confined 
space entry is reflected throughout the literature [31, 34, 70, 71, 68, 72, 73]. 

Confined spaces should be thoroughly ventilated, where possible, prior to entry. 
Openings should remain open while the confined space is occupied to provide 
continuous ventilation. Forced air ventilation, where available, should continue 
when workers are in confined spaces, unless prevented by conditions such as 
excessive dust levels. Atmospheric testing is needed whenever natural or forced 
ventilation is not sufficient to ensure oxygen levels are above 19.5%. Testing 
is al so needed whenever the confi ned space may contai n fumi gant vapors or dete­
ri orated products. If reduced oxygen 1 evel s or other harmful substances exist, 
additional ventilation may be provided to obtain acceptable levels. If safe 
levels cannot be obtained, entry must not be made unless appropriate respiratory 
protection equipment is worn. 

Another major hazard associated with storage vessel s is entrapment and suffoca­
tion in flowing grain. Release of bridged materials or materials adhering to 
sides of containers has resulted in many fatalities. Some grains act like quick­
sand and a person can sink into them. The danger is much greater if the material 
is bei ng drawn from the bottom of the bi n. Confi ned spaces shoul d be inspected 
for suspended materials prior to entry. Personnel should never work at levels 
below suspended material or while standing on material s which could break loose 
and bury them. Materi al s must not be fed into or drawn from bi ns wh'i ch are 
occupied. Fill and discharge equipment, as well as equipment inside the confined 
space, must be isolated or locked out whenever inadvertent operation could create 
a hazard. Notification of personnel in control rooms and on all work level s that 
interface wi th the confi ned space shoul d be i ncl uded in the procedures. [34, 70, 
68, 74, 75]. 
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Many fatal ities in confined spaces can be directly attributed to a lack of com­
munications with outside workers. Provisions for a standby person continuously 
monitoring workers in the confined space, and the use of proper protective equip­
ment, including lifelines, provide further protection for the worker [33, 34, 70, 
71, 68, 72, 73, 74]. The standby person and necessary rescue equi\l11ent should 
always be stationed outside the confined space when it is occupied. The standby 
person should have continuous convnunication capabi1 ity with the workers in the 
confined space and be able to summon additional assistance if necessary. The 
standby person should not enter the confined space until adequate assistance is 
present and appropriate precautions are taken to prevent the rescuers from 
becoming disabled. 

Necessary protective equipment, as detennined by the qualified person, should be 
provided for workers in the confined space. Safety belts or harnesses with 
1 anyards are needed in all app1 ications where confined spaces are entered from 
above or where hannfu1 atmospheres may exi st. Safety harnesses are preferred. 
In many cases a safety belt would not properly support an individual in an up­
right position to pennit removal of the individual from a typical silo or bin 
openi ng or other narrow openi ng. Respi ratory equi pment is needed where harmful 
atmospheres may exist. Air-supplied respiratory equipment is required if the 
oxygen level is below 19.5~. Other protective equipment and clothing may also be 
needed. Hard hats are required whenever there is a possibility of items falling 
into an occupied confined space. 

Personnel who are requi red to work in a confi ned space or in support of those 
working in a confined space should be trained to recognize the hazards and know 
the safe work practices associated with entering, working in, and exiting that 
area. Personnel shou1 d receive trai ni ng in nonna1 and emergency entry and exi t 
procedures; proper use of respirators, lifelines and harnesses, and other 
required protective equi\l11ent; isolation and lockout procedures; atmospheric 
testing requirements and procedures; purging and ventilating procedures; communi­
cations and emergency signals; and other safe work practices associated with the 
specific location, type and function of the confined space and the operation to 
be perfonned. Personnel who work in the vi ci nity of confi ned spaces shou1 d be 
aware of the associated hazards. Equipment required to support operations in 
confined spaces, including boatswain's chairs, winches, protective equipment, and 
rescue equi pment shou1 d be inspected pri or to use to ensure the equi pment is in 
good condition. All equipment must be approved for the atmosphere in which it is 
to be used. 

Isolation and Lockouts 

Many needl ess acci dents occur when energy is i nadvertentl y appl i ed to equi pment 
that is being worked on. Energy isolation is needed during maintenance and 
repair activities to prevent worker injuries from unwanted startup of machinery, 
application of electrical energy to electrical lines or components, or other 
inadvertent application or release of energy. Accidents occurring under these 
circumstances frequently result in serious injury or death. Use of isolation and 
lockout procedures is a proven safety technique which should be used in all 
facilities to prevent injuries during maintenance, repair, servicing, inspection, 
cleaning, troubleshooting and other similar activities [30, 47, 44, 38, 68, 76, 
77]. Documented procedures provide assurance that the isolation technique is 
clearly defined and uniformly appl ied. Verification by a supervisor or other 
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qualified person provides additional assurance that the procedures are correctly 
applied and the isolation technique has been effective in isolating and/or dissi-

. pat i ng haza rdous energy. 

For the i sol ati on procedures to be effecti ve, energy must be i sol ated or blocked 
at a point or points of control that cannot be bypassed. The point of control 
must be secured by a device or technique which prevents unauthorized persons from 
reenergi zi ng the equi pment or machi nery. Stored energy that constitutes a per­
sonnel hazard must be dissipated or blocked. Key-type padlocks are normally used 
in grain elevators and feed mills and are recommended for securing energy control 
pOints. Other techniques such as use of tags alone are successfully used in some 
industries; however, these techniques rely heavily on highly trained and experi­
enced personnel, controlled access, and other procedural techniques not easily 
achievable in grain-handling and -processing facilities. 

Key-type padlocks, when properly used, provide positive protection and can be 
applied in most cases where isolation is required. Padlocks should be fastened 
and removed only by the person performing the maintenance task. Keys should be 
issued only to the employee perfonning the task, and they should be kept on his 
person at all times. When two or more employees are engaged in an operation that 
requires a lockout, each individual should have his own lock which has been 
installed in such a manner that the isolation device cannot be removed until each 
employee has removed his own lock. 

Electrical isolation can be achieved by locking circuit breakers and/or main 
di sconnects in the "OFF" posi ti on. Where more than one swi tch or disconnect 
suppl ies power to equipment, multiple padlocks are required. Mechanical isola­
tion of moving parts can be achieved by disconnecting linkages, removing drive 
belts, or using chains. It may be necessary to block or chain moving mechanical 
parts to prevent rotation, in addition to electrically isolating the equipnent. 
Potent i al energy sources such as compressed spri ngs and pneumati c and hydraul ic 
pressure must be recognized and controlled by isolating, blocking, or otherwise 
neutralizing the energy. After the isolation procedure has been completed, an 
attempt must be made to operate the machinery or otherwise verify that the lock­
out device has been effectively appl ied. Any control s or switches operated 
during this verification should be returned to the "OFF" position. 

Inspection, servicing, or troubleshooting should not be performed on operating 
equipment or machinery unless it can be determined that hazards are controlled 
with the energy present. Hazards must be eval uated by aqua 1 ifi ed person and 
procedures must be developed which adequately control those hazards. Protective 
equipment and other special equipment needed should be included as part of this 
procedure. 

All workers should receive general instruction on the equi pment, operations, and 
types of energy isolation required at the facility. Specific lockout procedures, 
devices and techniques should be addressed as applicable. Training should be 
sufficient to enable an employee to recognize the sources of energy which must be 
isolated, apply the isolation techniques properly, and recognize responsibilities 
with respect to equipment which has been isolated by other employees. Retraining 
should be accompl ished as necessary to maintain proficiency and whenever proce­
dures are modified. 
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Machine Guards 

Machinery with rapidly moving external components is used in most grain elevators 
and feed mills. Unguarded nip points, shafts, sprockets, wheel drive mechanisms 
and other moving parts are common hazards W'hich have been responsible for many 
serious injuries. Many of the injuries would not have occurred if adequate 
guards had been provided. Requirements for guards vary widely and must be estab­
lished by a qualified person on the basis of the specific configuration and 
location of the equipment in the facility. The exact configuration of the guard 
or barrier is not critical, as long as it covers or restricts access to moving 
parts in such a manner that they cannot be contacted [26, 47, 38, 39, 68, 76, 
41 ]. 

Safeguards must be provided W'herever there is a chance of personnel injury from 
contact with power transmission drives such as chain, belt, and rope drives; 
rotating shafts and sprockets such as those on bucket elevators, grinders, 
mixers, and trippers; nip pOints such as those occurring at the main pulleys on 
belt conveyors; and other rotating or translating machinery parts. Fixed or 
portable auger conveyors must never be operated without guards. Point of opera­
tion guarding must be provided for equipment such as sewing machines. Considera­
ti on shoul d al so be gi ven to guardi ng heavi 1y loaded 1 i nes and ropes such as 
those used in rail car pullers, where breakage could result in serious injury. 

Canplete enclosure of moving components is the preferred method of guarding 
al though guardi ng may be accompl ished by the use of fences or barri cades or by 
location of equipment in areas inaccessible to employees. When guarding by 
barricades or location is used, necessary precautions should be taken to prevent 
enployees fran entering areas where equipment is located. Guards designed and 
installed by equipment manufacturers are usually the most effective and should be 
specified where possible. When guards are built in-house, a major consideration 
should be ease of installation and removal. Guards should be removed only by 
trained and authorized personnel, after necessary precautions such as equipment 
shutdown and lockout have been taken to minimize the chance of injury. Guards 
must canply with the requirements contained in 29 CFR 1910 Subpart O. 

Labeling and Posting 

Signs and 1 abel s are necessary to inform both workers and visitors of hazardous 
conditions in the workplace and precautions to be taken to prevent accidents. 
Although the use of accident prevention signs is infrequently mentioned in the 
literature, it is among the most widely used safety measures throughout industry 
[38]. Signs or labels should be provided whenever failure to recognize the 
condition could result in an unsafe action. 

To be effective, signs must be concise, yet easily understood, and readily 
visible to persons entering or working in the area where the hazard exists. 
Persons unable to read or understand signs or label s should be informed of the 
hazardous condition reflected and associated instructions. When a significant 
number of workers read languages other than English, consideration should be 
given to printing signs both in English and the predominant language of the non­
English-reading workers. Established symbols should be used whenever possible. 
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Signs needed in grain elevators and feed mills are varied, and requirements must 
be established by a qualified person. Signs.are nonnally used to designate: 
(1) Areas where specific practices such as smoking and hot work are prohibited; 
(2) areas 'Iilere protective equipment is needed; (3) areas where combustible, 
flanmable, and toxic materials are used or stored; (4) areas to which access is 
restricted; (5) special precautions or instructions needed for safe operation of 
vehicles, machinery, or equipnent such as manlifts; (6) emergency evacuation 
routes and location of building exits (exits used only for emergencies should be 
designated); and (7) location of safety-related items such as first aid and fire­
fighting equipment. 

Facilities should be inspected periodically to detennine if signs or labels have 
been removed or become illegible, or additional signs are necessary because of 
facility, equipment, or operational changes. Specifications for accident preven­
tion signs and tags are contained in 29 CFR 1910.145. 

Other Safe Work Practices 

Lightning Protection - -

Li ghtni ng has been reported as the probable cause for a si gni fi cant nlJ11ber of 
dust explosions in grain-handling and -processing facilities [1]. Facilities in 
areas 'Ii1ere lightning may occur should be provided with a lightning protection 
system. Guidelines for the installation of lightning protection systems are 
contained in NFPA 78, "Lightning Protection Code." 

Foreign Material - -

Foreign objects such as tramp metal, stones and wood are frequentl y found in 
grain and feed stock. Introduction of these materials into the facility can 
produce sparks within the equipment. In addition, larger material s may jam 
between buckets and the casing in bucket elevators, causing sparks, frictional 
heating, or equipment damage that could contribute to an explosion. Allen and 
Cal cote [78] found that a shower of metal sparks of suffi ci ent energy, such as 
might occur in continuous, high speed grinding operations, could ignite an 
explosive dust cloud. It was not detennined, however, whether sporadic or 
occasional sparking incidents would cause ignition. Although the degree of risk 
associated with sparks arising from impact is not fully defined, most sources 
recommend that precauti onary measures be taken to remove forei gn materi al s [10, 
61, 6 0, 53, 7 9, 5 1, 69]. 

Several methods are commonly used to minimi ze the entry of forei gn materi al into 
handling and processing equipment. In grain elevators, the main consideration is 
minimizing the amount of foreign material entering the grain-handling equipment, 
primarily bucket el evators, where most primary expl os; ons in these facil it i es 
occur. Grates or screens are frequently used in receiving areas to remove 
materials that may be contained in the grain or feed. Although grating does not 
remove all foreign material, it is effective in removing larger material s regard­
less of composition. The spacing of the grating should be as small as possible, 
consistent with the commodity handled. Spacing of 1 1/2 inches is often recom­
mended and should be used where possible [79, 80]. Some facilities, however, 
requi re a spaci ng of 2 1/2 inches or more to accommodate handl ;ng rate and some 
variation may be required [81]. 
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Magnets are used in many recei vi ng areas to remove ferrous materi al s that may 
pass through the screens or grates. Al though magnets do not al ways extract all 
ferrous materials entrained in the grain stream, medium- and large-sized 
materials can be removed with high efficiency when magnets are properly selected 
and installed. Although the best protection is achieved by the use of both 
gratings and magnets, magnets cannot be easily acconvnodated in many existing 
facilities and are not considered essential if other effective means of protect­
ing against the entry of foreign material are used. 

In feed mills or grain elevators where equipment for grinding, pulverizing, and 
similar operations is used, additional precautions are needed [10, 61, 60, 81, 
62]. Stati sti cs indi cate that hamner mi 11 s, roll er mi 11 s and other equi pment 
where impact is part of the operation are second only to bucket elevators as the 
1 ocat i on of pri mary ex p1 osi ons [1]. Mu1 t i p1 e magnets a re used in some 
applications to remove ferrous materials, with feeding spouts arranged so that 
the materials pass over the magnets at low speeds. Pneumatic separators, gravity 
separators and sca1 pers are al so used upstream of gri nders to effecti vel y remove 
foreign materials. When screening type devices are used, they should be designed 
to exc1 ude from the processi ng machi nery all forei gn materi a1 1 arger than the 
grain being' processed. Equipment used to collect or separate foreign material s 
shall be kept in good repair and cleaned regularly. 

Walking/Working Areas - -

Slips and falls traditionally have accounted for a high percentage of injuries in 
grain elevators and feed mills. A significant number of the work injuries can be 
attributed to slippery or uneven footing. Good housekeeping and care of walking 
and working surfaces are necessary to reduce the number of injuries [26, 32, 82, 
83]. Work areas shoul d be kept free of debri s whi ch coul d cause sl ips, tri ps, 
falls, fires or other hazards. Debris such as lumber with protruding nails 
should not be allowed to accumulate in receiving areas. Grain, grain dust, 
moisture, and ice can also cause serious accidents unless cleaned up or cleared 
as soon as possib1 e. 

Falls from heights usually result in more serious injuries than those that occur 
on the same level. These can normally be prevented by covering or guarding 
openings in floors, walls, and work platforms which are accessible to workers 
[47, 68]. Bins and other containers with floor openings should be kept covered 
when not being used. Where operational considerations such as the use of 
automated trippers dictate that bins be open continuously, other forms of 
protection and/or special procedures should be established for use by maintenance 
or housekeepi ng personnel requi red to work in those areas. Grati ng inserts are 

, successfully used in many faci1 ities to prevent falls into bins and distributor 
floor openings. 

Floors, stairs, doors, ramps, and walkways should be kept in good repair and kept 
clear to provide unimpeded egress. At least two means of emergency escape should 
be provided from all general work areas normally occupied by personnel. Escape 
routes should be separated to the extent that a single event will not reasonably 
prevent access to all means of escape. Exits should be clearly marked. Specific 
recomnendations for egress in grain elevators are contained in NFPA. 101, "Code 
for Safety to Life from Fire in Buildings and Structures." 
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J 
Static Electricity - -

. The magnitude of the hazard associated with static electricity in grain elevators 
and feed mills is not clearly defined. Although it is known that electrostatic 
charges are generated in the processi ng, transportati on and general handl ing . of 
dusts, static el ectri city has never been proven to have caused a grai n el evator 
explosion. One suspected case in a grain mill involved static discharges in a 
pneumatic conveying system. The statistical data are inconclusive, however, 
since the cause in over 40 percent of the reported explosions is unknown (1], and 
the presence of static electricity would not be traceable following an explosion. 

The extent of problems associated with electrostatic charging has been the sub­
ject of numerous investigations; however, valid predictions for practical appli­
cations have not been made. Oahn (64] found that although grain can accumulate 
moderate amounts of electrostatic charges when moving across spouts and chutes, 
such charges di ssi pate qui ckl y when grai n comes into contact with a device or 
structure that is well grounded. He al so notes that if equi pment is poorly 
grounded or isolated from ground, a potentially hazardous situation might quickly 
develop. The approach suggested by most sources is to assume that static charges 
will be generated and take precautions to minimize the hazard (10, 68, 61, 60, 
53, 51, 62]. Palmer (60] indicates that dusts with a minimum ignition energy of 
less than 25 millijoules should be regarded as prone to ignition by static 
elect ri city. Thi s energy is near the lower end of the i gni t i on energy range 
usually attributed to grain dusts, suggesting that static electricity is a 
possible, but not a major source of ignition. 

The primary areas of concern in grain-handling and -processing facilities are 
pneumati c conveyors and bucket el evators. Necessary precaut ions for these con­
veying systems include electrical bonding and grounding of frames and casings 
[10, 68, 61, 53, 51, 62]. Similar precautions are reconmended on high speed 
continuous belt conveyors, although the problem is less significant if airborne 
dust levels are maintained below the lower explosive limit. Slow moving con­
tinuous bel t systems such as those used for f)!rsonnel transport (manl ifts) or 
transport of bagged materials are not nonnally considered a problem. Use of 
electrically conductive belting ;s recommended by many sources; however, there is 
no agreement on the level of conductivity. Studies have indicated that use of a 
conductive belt, in conjunction with a well grounded frame, safely dissipates 
static charges. Belts with the highest conductivity, however, can produce the 
highest spark discharge energy level in an ungrounded system [84]. For this 
reason, no specific recommendations are made relative to the use of electrically 
conductive conveyor belt material. When conductive belts are used, it is 
essential that a conductive path be provided frcm the belt to a well grounded 
frame. Usually, metal pulleys will pick up a charge from the belt and com­
muni cate that charge to the supporti ng shaft and through beari ngs to the equi p­
ment frame without special provisions. However, conditions such as the use of 
nonconductive lagging or bearing lubricants, or isolated frame sections may 
prevent components from being electrically common. Static collectors are al so 
used in scxne facil iti es to remove el ectrostati c charges from conveyor systems. 
Guidelines for electrically bonding, grounding and using static collectors are 
contained in NFPA 77, "Static Electricity." 
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Hazardous Material Storage - -

Toxic material S9 explosives, fl ammab1e and combustible fl uids and gases and other 
hazardous materials must be stored in suitable containers and contents clearly 
identified. """ere possible 9 hazardous materials should be stored outside the 
facil ity in detached buildings or approved tanks. Suppl ies of material s needed 
for daily operations or other hazardous materials stored within the facility must 
be located in controlled roans or areas consistent with the hazards associated 
with the specific material. 

EQUIPMENT AND TOOLS 

Bucket El evators 

Statistics indicate that the bucket elevators are by far the most hazardous 
equipment in grain-handling and -processing facilities [1]. More primary explo­
sions have occurred in bucket elevators than any other known location. Investi­
gations have indicated that elevator legs routinely contain amounts of dust 
exceeding the lower explosive 1 imit [85]. Intense heat can be generated on the 
drive pulley in the event of belt stalling. Belts may burn through and drop into 
the leg, resulting in ignition of dust from burning fragments or sparks generated 
by metal components striking the casing [10 9 53 9 85, 86]. 

Bucket elevators should be located outside the facil ity where possible. When 
bucket elevators are located inside buildings, belt speed monitoring devices are 
needed to detect belt slowdown and allow corrective action to be taken before 
frictional heating ignites the belt or grain [68, 53, 819 85, 86, 87]. When the 
bucket e1 evator speed drops below a predetenni ned val ue, the slowdown detecti on 
device should activate an alann, initiate stoppage of the supply of material to 
the bucket elevator, and cut off power to the elevator drive motor. The best 
method of detecting slippage is to monitor the drive and tail pulleys for varia­
tions in the speed ratio. Since operating speed is nearly constant in most 
cases, simpler devices which monitor belt or tail pulley speed are usually 
adequate. Shutdown can be accomp1 ished automatically, by sending a signal to a 
device which turns off power to the drive motors, or manually. To prevent unnec­
essary shutdowns, a short time delay may be incorporated into the system to allow 
the bucket elevator to attempt to clear after the supply of material to the 
elevator has been stopped. If shutdown is to be accomplished manually, proce­
dural controls must be established to assure that corrective action is taken in a 
timely manner. Necessary procedural control s inc1 ude having a worker continu­
ously stationed in the vicinity of the elevator controls and in a location where 
the a1ann can be detected at all times. The worker must be instructed to shut 
down the bucket elevator inmediate1y or after a short time delay to give the 
equipment a chance to clear. 

The exact setting of the slowdown detection device is dependent on the specific 
application. Typically, speed reductions from Sex. to 20cx. of normal operating 
speed indicate a significant problem [8S, 88, 50]. For most appl ications, a 
setting of 5% to 10% of normal operating speed is adequate to detect malfunctions 
without causing accidental tripping during normal operations. The slowdown 
detection device should be fail-safe (i.e., sound an alarm or initiate equipment 
shutdown if the dev i ce mal functi ons) or be checked regul arl y to veri fy pro per 
operation. 
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Ammeters and dual level monitoring devices may also be used to give an indication 
of slowdown before the cutoff speed is reached. Use of ammeters alone, however, 
does not provide a positive method of detecting belt slippage because the meters 
are not always monitored and slippage is not always a direct function of motor 
current. Reliance upon thermal cutoffs on drive motors to shut down elevators in 
the event of belt slowdown is not considered acceptable because of possible long 
delay times before thermal limits are exceeded or motors that may continue to 
drive the head pulley without overheating [85]. 

If a choked leg does occur, the problem must be identified and corrected prior to 
restarting the motor. Written procedures should be developed by a qual ified 
person and impl emented for safe shutdown, cl eari ng, and startup. Joggi ng drive 
motors may resul t in bel t sl i ppage and shoul d never be attempted [68, 86]. 
Thermal protection on drive motors should not be bypassed. In addition to 
checking and clearing the boot pit, the belt, buckets, and head need to be 
inspected to see if they are clear. Equi Jl11ent must be checked for damage after 
it is cleared and repaired if necessary. Belt movement should be monitored 
duri ng startup. Power to the drive motor must be cut off if the bel t does not 
move or if slippage occurs. After restarting, equipment should be monitored for 
unusual noises, excessive motor loading, or other abnormal operating conditions. 

Other potential ignition sources associated with bucket elevators, including 
overheated bearings, pulleys or belts rubbing on frame or casing, and metallic 
buckets striking the frame or casing, dictate the need for regular inspection and 
maintenance [53, 81, 85, 86]. Bearings should be located on the outside of the 
casing "",enever possible. Periodic inspection is needed for proper al ignment, 
tension, and tracking of belts; loose or damaged buckets; adequate clearances 
between belts/buckets and casings; excessive wear on belt or lagging, defective 
belt splices, worn or defective bearings; and loose or slipping drive mechanisms. 
Inspections should be conducted at least once during each shift in which the 
equipment is operated. Adequate inspection and cleanout doors are needed to 
support this operation. Only trained and authorized personnel should service or 
operate equipment. In addition to scheduled inspection, workers should be 
instructed to report any unusual equi pment noi se or defecti ve equi pment whenever 
it is observed. Instrumentation such as plug or level sensors, bearing 
temperature sensors, belt al ignment sensors and vibration sensors are al so used 
in many applications to assist in early detection of equipment malfunctions. 

Bucket elevators located inside facil ities should be provided with explosion 
venting to the outside atmosphere. Although venting does not prevent explosions, 
it does reduce the pressure buildup and helps to limit the amount of destruction 
[10]. Research conducted by Gillis [89] indicates that explosion venting can be 
used effectively to protect bucket elevators from explosions. Explosion venting 
on new bucket elevators should be accommodated in the initial design. Venting of 
existing bucket elevators is not always feasible; however, it can be provided in 
many applications. In the case of interior bucket elevators that extend through 
the headhouse roof, venting may be provided at the head of the elevator. 
Although not fully effective, this particular vent would provide relief for 
explosions occurring in the proximity of the elevator head. Guidelines for 
explosion venting techniques are included in NFPA 68, "Explosion Venting." 
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Grain Dryers 

Dryers are used in many grai n el evators to reduce moi sture to level s low enough 
to preserve qual ity. A rel ative1y small number of expl osi ons have occurred in 
dryers; however, they are one of the most frequent causes of fires [1] [10]. 
Because of the heat generated by dryers and the high chance of fires, location of 
dryers is of primary importance. Dryers should be located or isolated to mini­
mize ignition potential to handling and storage areas and adjacent structures. 
Locating dryers away from the storage unit is one method of minimizing the risk 
of serious fires and explosions in the storage areas [10]. 

Necessary precautions must be tak'en to minimize the chance of ignition of grain 
within the dryer and, if a fire occurs, to prevent burning materials from enter­
ing storage or processing areas. Instrumentation is needed to detect excessive 
air stream temperatures at the inlet and outlet of the drying chamber and exces­
sive product temperatures at the product discharge. Detection of excessive 
temperatures should result in automatic shutdown of the dryer, stoppage of the 
product flow and activation of an alarm at a constantly attended location. Even 
when equipment is working normally, operation should be continuously monitored by 
personnel. 

Grain dryers are normally provided with adequate safety devices by the manufac­
turer; however, exposure to weather, moist grain, and temperature extremes 
eventually causes malfunctions. Thorough cleaning, inspection, and testing on a 
regular basis are necessary to maintain proper operation. 

Operation and maintenance should be conducted only by trained and authorized 
personnel. Personnel operating dryers must be thoroughly familiar with equipment 
controls, gauges and safety devices. Training should include detection of 
abnormal operating conditions, and safety and contingency procedures. Mainte­
nance personnel should be instructed in inspection, cleaning, maintenance and 
repair procedures. Proper operating and maintenance techniques should be 
obtained from the equipment manufacturer or supplier. 

Additional guidelines for the design and safe operation of grain dryers, 
including provisions for rapidly unloading the dryer contents, use of temperature 
limit controls and alarms, monitoring operation, instructing operators on safe 
operation of the dryer, and periodic inspection and maintenance are included in 
NFPA 61B, "Standard for the Prevention of Fires and Explosions in Grain Elevators 
and Facil ities Handling Bulk Raw Agricultural Commodities." 

Electrical Equipment 

The need for controls on the use of electrical equi'pment in grain elevators and 
feed mills is reflected throughout the literature [10, 40, 61, 60, 53, 65, 79, 
81]. In addition to the electrical shock hazard, sparks or heat produced during 
the normal worki ng of swi tches, contact breakers, cClTlTlutator motors and other 
electrical equipment can ignite dusts. Energy available in electrical equipment 
is usually greatly in excess of the amount of energy required to 'ignite conmon 
grain dusts [10, 40 60]. 

Safeguards from hazards associated with the use of electricity are included in 29 
CFR 1910 Subpart S. Maintenance of equipment should be in accordance with manu­
facturers'recommendations. In areas designated as Class II, Divisions 1 and 2, 
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which are hazardous because of the presence of ccxnbustible dust, special pre-
j cautions are required. Additional requirements for hazardous locations are 

contained in 29 CFR 1910.307. In general, equipment, wiring methods, and instal­
lations of equipment in Class II, Divisions 1 and 2 locations in grain elevators 

;i and feed mills must be (1) approved as intrinsically safe for that area; (2) 
approved for that 1 ocati on and atmospheri c Group G, or (3) of a type and design 
which the employer demonstrates will provide protection from the hazards arising 
fram the presence of combustible grain dust. The National Electrical Code, NFPA 
No. 70, Articles 500 and 502, contain design, installation and maintenance guide­
lines for "dust-ignition-proof" equilJllent which is safe for use in Class II, 
Divisions 1 and 2 locations. Equipment must be enclosed to prevent entry of dust 
which could ignite or affect performance. In addition, sparks or heat generated 
ins ide the equi pment cannot cause igni ti on of external 1 ayered or atmospheri c 
dust. For equipment that i~ not s~ject to overloading, maximum surface tempera­
ture in thi s cl ass is 165 C (329 F). For equi pment such as motors or power 
transfonners that may be overloaded, maximum surface temperature duri ng nonna 1 
operat~on is 1200C (248oF); maximum surface temperature during abnormal operation 
is 165 C. "Explosion-proof" equipnent may not be acceptable for use in grain­
handling and -processing areas and should not be used unless specifically 
approved for Class II locations. Equi lJlIent approved for Class II, Division 1 
locations can be safely used in Class II, Division 2 locations. 

When poss ibl e, el ectri cal equi lJlIent shoul d be pl aced in non-Cl ass II 1 ocat ions 
such as building areas other than those used for grain storage and processing, 
separate buildings adjacent to the storage and processing areas or in enclosures 
suppl ied wi th posi ti ve pressure ventil ati on from a source of cl ean ai r. When 
pressurized enclosures are used to obtain classification as a nonhazardous 
location, positive means must be provided to detect malfunctions of the pressuri­
zati on equi pment. Guidel i nes for the desi gn of pressuri zed enclosures are con­
tained in NFPA 496, "Purged and Pressurized Enclosures for Electrical Equipment." 

In addition to compliance with 29 CFR 1910 Subpart S. special precautions must be 
.taken when using portable lighting inside equipment. When portable lighting must 
be lowered into bi ns, pits, bucket el evators or other equi lEent or enclosures 
conta i ni ng dust, care must be taken to prevent damage to the 1 i ght or cord. 
Lighting shall not be supported by the electrical cord unless designed for that 
purpose. The light must not be dropped or struck on walls or casings. Several 
explosions have occurred because of damage to portable lights lowered into equip­
ment while it was operating [1, 59]. Equipment such as bucket elevators must not 
be operated whil e 1 ights are ins i de to prevent entangl ement and short i ng of the 
light or cord. Lights should not be lowered into bins when materials are being 
withdrawn to prevent the 1 i ght from bei·ng drawn into the materi al and damaged. 
If IXlrtable lights do become entangled or caught, they should be disconnected 
from the power source before any force is applied which could damage the light or 
cord. 

Manlifts 

Manlifts are used in many facilities to provide access to the various work 
levels. Faulty equipment, lack of safety devices, and improper use of manlifts 
can cause serious injury. Workers must be instructed in the proper use of man-
1 ifts to ensure that they are famil iar with the precautions that must be taken 
for safe operation [26, 44,90, 68]. 
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Manlifts must be used for conveyance of personnel only. Transportation of 
freight, packaged goods, sacks and other material s on manl ifts must be avoided 
since it may prevent the operator from using the manl ift safely or material s 
being transported may fall and injure personnel on lower levels. Employers are 
responsible for ensuring that manlifts are not used for freight; however, 
enforcement can be difficult unless other convenient means are provided to 
transfer materials between levels. Caution signs informing employees of restric­
tions on conveyance of materials may be effective. Carrying of hand tools should 
also be avoided on manlifts unless the tools can be adequately secured in pockets 
or tool belts. Bulky tool belts, which significantly reduce clearances, must be 
avoided. 

Guards must be provided to prevent inadvertent contact with moving parts and 
access to floor openings by personnel other than those using the manlift. Other 
specific requirements for the construction, maintenance, inspection, and opera­
tion of manl ifts are contained in 29 CFR 1910.68. Manl ifts should be used only 
by persons authori zed by the employer and trai ned in thei ruse. Instructi on 
should include proper techniques for entering, riding, exiting, starting and 
stopping manlifts. Employees must be cautioned against transporting equipment 
and unsecured or protruding tools. A demonstration of proper operating tech­
niques should be given at the manlift site and, following instruction, employees 
should use the manlift while being monitored by the instructor. 

Firefighting Equipment 

Portable fire extinguishers in a fully charged and operable condition should be 
provided throughout all buildings, unless employees are specifically instructed 
not to fight fires and to evacuate the facility if a fire occurs. Portable fire 
extinguishers provided for employee use must meet the requirements defined in 29 
CFR 1910.157 to ensure that the extinguishers are readily available and in good 
operating condition. Training is essential for employees required to use 
exti ngui shers and other fi refi ghti ng equi pment si nce improper use can create 
additional hazards. Instruction should include the proper type of extinguishers 
to use on the di fferent cl asses of fi re and the proper techni que to exti ngui sh 
fires without disturbing layered dust. Foam extinguishers are scmetimes recom­
mended to minimize dispersal of dust when fighting fires. 

Standpipes and hoses are frequently recommended in grain-handling and -processing 
facilities to aid firefighting operations [51]. Specific needs should be deter­
mined on the basis of the facility and consideration of local fire department and 
insurance company recommendations. Dry standpipes are usually recommended to 
prevent freezing in cold weather and loss of facil ity water suppl ies if pi pes 
rupture in an explosion. Automatic sprinkler systems are also recommended by 
most insurance companies to limit facility damage where construction or equipment 
is combustible, or where combustible materials other than grain are stored [40, 
51]. Sprinkler systems may also eliminate the need for manual firefighting. 
Where standpipes and sprinklers are provided, they must meet the requirements in 
29 CFR 1910.158 and 29 CFR 1910.159, respectively. Fog nozzles are sanetimes 
recommended on hoses used for fighting dust fires. Use of fog nozzles, however, 
does not guarantee that dust wi 11 not be dis persed and caut; on must st i 11 be 
exerc; sed. 
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Hand and Portable Power Tools 

Proper sel ecti on and use of hand and portabl e power tool s are necessary in any 
industry to prevent worker injuries. Literature reviewed reflects the need for 
uSing tools properly, keeping them in good repair and performing periodic inspec­
tion and maintenance [44, 38, 91, 39]. 

Tools must be kept in good condition and repaired or discarded when defective. 
Most defects can be detected visually by the user. Impact tools with mushroomed 
heads, hanmers with faulty handles or loose heads, and wrenches with sprung jaws 
must be repaired or discarded. Periodic verification of the grounding system is 
needed on el ectri cal equi pment, as well as inspecti on of cords and pl ugs for 
defective insulation or other damage. Employers are responsible for the safe 
condition of tools. Regular inspection and maintenance should be performed to 
ensure tools are kept in good repair. Workers should be instructed in the proper 
selection and operation of tools they will be using, including protective equip­
ment that is required. 

Portable power tools, when used, must comply with the requirements contained in 
29 CFR 1910.243. Portable electrical tools must be in accordance with 29 CFR 
1910 Subpart S; i.e., be equipped with a grounding conductor terminating in 
ground faul t ci rcuit interrupters or a ground i ng type attachment pl ug; be pro­
tected by an approved double-insulation system; or be used in circuits provided 
with ground fault circuit interrupters. Tool grounding system continuity should 
be verified at least quarterly. Checks should be made more often if equipment is 
subjected to heavy usage. Electrical tools with defective grounding systems, 
insulation, or plugs must not be used. Electrical tools should not be used in 
Class II locations unless layered dust in the work area has been cleaned up 
thoroughly, dust-producing equipment in the vicinity has been shut down, and 
airborne dust has settled. 

Pneumatically powered equipment is frequently used in Class II locations to 
reduce the risks associated with the use of ordinary electrical tools. Pneumatic 
equipment can be used safely; however, precautions must still be taken to mini­
mize airborne and layered dust in the work area since local heating or sparks may 
be generated by dri 11 bits, gri nd i ng wheel s or other attachments [33]. When 
pneumatic power is used, care must be taken to ensur~ that the tools and 
associated hoses and fittings are compatible with the pressure at which they are 
used. 

Nonsparking shovels and other hand tools are used in some grain-handling and 
-processing facilities, although statistics indicate the degree of risk asso­
ciated with ordinary tools is low. Cross [92] reported that available accident 
data are not statistically significant for completely addressing metal sparks as 
an ignition source. He found that high friction and continuous sparking inci­
dents could be an ignition source in some cases, but that additional research is 
needed before a determination is made of whether sporadic or occasional sparking 
incidents are a hazard. The use of nonsparking tools is reconmended by some 
sources [34, 70, 71J in confined, dusty locations as a precautionary measure. A 
data sheet prepared by the American Petroleum Institute [71A], however, indicates 
that the use of special tools is not warranted. A blanket recommendation for 
nonsparking tools cannot be justified. 
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Industrial Trucks 

Powered i ndustri al trucks are frequent1 y used in and around grai n e1 evators and 
feed mills for unloading bulk materials fran flat storage bins, rail cars and 
barges, and for other material-handling and utility purposes. Regardless of 
appl i cati on, powered i ndustri al trucks must contai n appropri ate safeguards for 
both the operator and the other personnel. Procedures for safe operation, 
inspection, and maintenance should be established. Trucks should always be 
operated within their design capacities and perfom only operations for which 
they are intended. Over1 oadi ng and operating at excessi ve speeds shou1 d be 
avoided. Special care is needed when operating on slippery, uneven, or sloped 
surfaces. Fueling should be accOOlp1ished only in designated areas. Adequate 
ventil ation must be provided whenever powered industrial trucks are used within 
building and other enclosures. A truck which is operated improperly may also 
cause serious injury. Only properly trained and authorized personnel should 
operate or service industrial trucks [38, 93, 94, 95]. 

Training for operators of industrial trucks should include classroom instruction, 
demonstrations and practice sessions. Instruction should include identification 
and operation of controls and gauges, loaded and unloaded maneuvering techniques, 
materi a 1-handl i ng techni ques, and other safe operati ng practices. Operat i ng 
manuals and other training guidelines should be obtained from manufacturers or 
suppliers and used to develop training programs. Following training, personnel 
should demonstrate the abi1 ity to operate vehicles to the satisfaction of the 
instructor. 

Design, maintenance and use of fork trucks, tractors, lift trucks, motorized hand 
trucks, and other powered industrial trucks must comply with the requirements of 
29 CFR 1910.178. Powered trucks used in Class II, Group G locations must be 
des i gnated for use in that 1 ocat i on and be 1 abe 1 ed or marked to i nd i cate the 
approval of a recognized testing laboratory. 

Ladders and Scaffolds 

Ladders and scaffolds are frequently used in grain-handling and -processing 
facilities for maintenance and repair operations. Ladders are also commonly used 
for normal access between work levels and emergency escape routes. Accidents may 
be caused by climbing or descending improperly, overreaching, and failing to 
secure movable equipment. Falls from ladders and scaffolds frequently result in 
serious injuries. Instruction in the proper use of ladders and scaffolds is 
necessary to ensure that workers are familiar with the precautions which must be 
taken to prevent accidents [44, 38, 96]. 

Portabl e 1 adders must be structural1 y sound, adequate1 y secured and pro perl y 
sized for the specific task. Both tops and bottoms must be pOSitioned against 
solid objects and, where necessary, held, tied, or otherwise securely anchored to 
prevent slipping. Additional precautions are needed if the ladder is positioned 
where it could be struck by vehicles, doors, or other moving objects. Metal 
ladders must not be used where there is a possibility of contacting live electri­
cal parts. Ladders should be inspected for loose, cracked, or otherwise defec­
tive parts prior to use. Defective ladders should be conspicuously marked or 
removed to prevent inadvertent use. Portable ladders must meet the care and use 
requirements contained in 29 CFR 1910.25 and 1910.26. 
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;I Devices to prevent uncontrolled falls are needed for fixed ladders over 20 feet 
(6 m) in unbroken length. Cage guards are most conmon1y used, although safety 

. devices which incorporate safety belts and friction brakes or sliding attachments 
are also used. Friction brakes and sliding attachments can provide more positive 
protection than cage guards; however, specialized training is needed for their 
use. Safety devices should not restrict use of ladders by persons with rescue or 
other emergency equipment. Fall protection devices are not considered mandatory 
by OSHA on ladders used exclusively as a means of egress from fires and like 
emergencies. Fixed ladders must be inspected regularly for loose, worn, or 
damaged parts and comply with the requirements in 29 CFR 1910.27. Inspection is 
especially important for emergency ladders where defects may not be noticed 
during normal operations. 

Scaffolds must be designed to support at least four times the maximum load and be 
adequately secured when in use. Guardrails or other safety devices are required 
where workers are exposed to fall s of 10 feet (3 m) or more. Safety bel ts or 
harnesses in conjunction with 1 ifel ines are needed for workers on suspended 
scaffolds or platforms. Lifelines must be attached to a secure point other than 
the scaffold. Movable scaffolds should not be relocated while workers are on 
them. Scaffold decking must be secure and provide adequate traction. Scaffolds 
should be inspected for defects by a competent person at least daily when in use 
and must meet the requirements contained in 29 CFR 1910.28. 

Compressed Gas Equipment 

Compressed gas is frequently used for cleaning, pneumatic tools and other appli­
cations in grain-handling and -processing facilities. Improper use of compressed 
air can be highly dangerous. Compressed air jets directed toward a worker's body 
or clothing can drive particles into the skin, break eardrums and cause other 
seri ous i nj uri es [28, 44, 38]. Nozzl e pressure of compressed ai r equi pment used 
for cl eani ng purposes must not exceed a stati c pressure of 30 psi. Respi ratory 
and eye protective equipment should always be provided to prevent particles from 
entering the workers' eyes or mouth when using compressed air for cleanup. 
Equi pment in the area must be shut down and other potent i ali gni t i on sources 
eliminated before dislodging dust. 

Caution must al so be exercised when using compressed gas cyl inders. Cyl inders 
must be clearly marked or color coded to identify the contents. Cylinders should 
be protected from damage duri ng storage and hand 1 i ng. Speci a 1 storage and han­
dling racks or holders are recommended. Cylinders must be stored where they are 
not exposed to excessive heat or moisture and flammable gases must be stored away 
fran the main buildings. Cyl inder valves should be turned off when not in use 
and val ve protecti on caps must be in pl ace. Cyl inders and compressed ai r re­
ceivers must have relief devices installed and meet the requirements contained in 
29 CFR 1910 Subpart M. Cy1 inders used in welding, cutting, or brazing must meet 
the additional requirements contained in 29 CFR 1910.252. Only trained and 
authorized persons should interface with compressed gas equipment. 

HOisting Equipment 

Hoists and other lifting devices are frequently used for transporting heavy 
equipment and machinery. Hoists are also used for lowering personnel into bins 
for cleaning and inspection. To prevent accidents, loads must be secure and 
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• stable and equipment inspected and maintained in accordance with manufacturers' 
reconmendations. Equipment should only be used by personnel thoroughly in-

- structed and trained in their use [44, 38]. 

Equipment must be used within its rated capacity. All equipment, including 
slings, cables, ropes, hooks and other attachments, should be visually inspected 
for defects prior to use. Brakes must also be tested before lifting. Loads must 
be adequately secured and balanced to prevent materials from becoming disengaged. 
Operators must veri fy that all personnel are cl ear of the 1 i fti ng area pri or to 
raising the load. Design and use of hoists, cranes, derricks, and slings used to 
elevate equipment must comply with the requirements of 29 CFR 1910.179, .181, and 
.184. Hoi sts must not be used to transport personnel unl ess a worki ng pl atform 
designed for that purpose is provided. 

Additi onal precauti ons are needed when usi ng boatswai n' s chai rs suspended from 
hoists. When portable equipment is used, the footing must be secure. The boat­
swain's chair should be attached by four legs to assure stability, in a manner 
which assures positive engagement. Safety belts or harnesses with 1 ifel ines 
should always be provided for personnel using boatswain's chairs. All hoisting 
operations must be conducted by trained personnel. Experienced persons should be 
designated to supervise the operation. 

Operator training should include instruction in proper use of the equipment, 
i ncl udi ng use of brakes and other safety features. Operators shoul d al so be 
trai ned to recogni ze defecti ve or excessi vel y worn parts. Add iti onal trai ni ng 
should be provided when personnel operate hoisting equipment used to lower 
workers into bins. Methods of properly securing and balancing loads should be 
emphasized. Following instruction and training, operators should demonstrate 
their ability to use the equipment to the satisfaction of the instructor. 
Periodic retraining should be accomplished. 

FIRST AID 

Prompt first aid treatment following an injury may prevent the condition from 
becaning more severe. Medical personnel or someone currently trained in basic 
first aid procedures and an adequate supply of first aid equipment should be 
readily available to all workers. Workers should be made aware of how to obtain 
emergency medical attention. 

Facil ities for drenching or flushing the eyes are needed in the immediate area 
wherever there is a chance of corrosive or otherwi se harmful chemi cal s bei ng 
splashed into the eyes. A shower should be provided whenever there is a chance 
of corrosive or otherwise harmful chemicals contacting a large portion of the 
body. Stretchers for transporting injured workers should also be available in 
the facility or through nearby fire departments or other emergency organizations. 
Basket stretchers should be available where injured workers may have to be lifted 
or lowered from areas which are not easily accessible. 
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I NTRODUCTI ON 

COMPARISON WITH NATIONAL AND INTERNATIONAL STANDARDS AND 
CORRELATION WITH OSHA STANDARD 

This section addresses national. international. and consensus standards appl i­
cable to grain elevators and feed mill s. A cross-reference of the reconmenda­
tions contained in this report to the OSHA standard is included. 

OSHA GENERAL INDUSTRY STANDARDS 

The General Industry Safety and Heal th Standards (29 CFR 1910) of the Occupa­
tional Safety and Health Administration are broadbased standards. As such, they 
address many areas of general safety which grain-handling and -processing 
facilities share with all industry. Although the general industry standards 
specifically do not address grain elevators and feed mills, many of the regulated 
areas parallel conditions in these facilities and should provide adequate worker 
protection if directly applied. These areas include hand and portable power 
tools, ladders and scaffolds, compressed gas equipment, manlifts, hoisting equip­
ment, firefighting equipment, walking and working areas, machine guards, and 
emergency planning, as well as electrical equipment and industrial trucks. 

Other general industry standards would be considered adequate for grain elevators 
and feed mills with some modification. For example, regulations in 29 CFR 
1910.252 are comprehensive and address most precautions necessary for welding in 
hazardous areas. However, this section does not require use of a written permit, 
which is recommended for grain elevators and feed mills. 

Areas in the general industry standards considered deficient with respect to 
providing a comprehensive standard for grain elevators and feed mills include the 
following: 

1. Protective and safety equi pment. fleneral requi rements for the use of 
lifelines, stretchers and personal flotation devices should be 
addressed. 

2. Equipment and machinery. Specific recommendations relative to the safe 
operation and use of bucket elevators, grain dryers, grinders and other 
potentially hazardous equipment and machinery should be addressed. 

3. Isolation and lockouts. Requirements for the use of lockouts and 
isolation techniques for specific applications in grain elevators and 
feed mills should be addressed. 

4. Confined space entry. Comprehensive regulations addressing entry into 
bins and other confined spaces are needed. 
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5. Inspection and maintenance. An overall inspection and maintenance 
program should be addressed, in addition to the inspection and main­
tenance requirements currently included in the individual subsections. 

6. Oust control. Comprehensive requi rements for dust control shoul d be 
addressed. Housekeeping requirements in the general industry standards 
are inadequate for control of dust in grain elevators and feed mills. 

7. Training. An overall training program should be addressed, in addition 
to the specific training requirements included in the individual sub­
section • 

NATIONAL CONSENSUS STANDARDS 

.. Nati anal Fi re Protecti on Associ ati on Standards 61B and 61C address design prac­
tices, operating practices, and protective features for preventing fires and 
expl osi ons in grai n el evators and feed mill s. These standards were developed 
primarily as guidel ines for designers and operators building new facil ities or 
making major modifications. 

An extensive revision of NFPA 61B has recently been completed, providing more 
canprehensi ve and up-to-date guidel i nes for grai n el evators. Al though sane 
operational considerations are included, the majority of the guidelines are 
design considerations for equipment. Many of these guidel ines are consistent 
with the recolTD'Tlendations contained in this report. Adoption of the sections of 
NFPA 61B which could be applied to existing facilities, such as those addressing 
bucket el evators, grai n dryers, and dust-control systems, in addition to the 
operational guidelines and other recommendations contained in this report, would 
provide a firm base for development of reasonable and effective regulations. 

INTERNATIONAL STANDARDS 

Several Canadian regulations and standards on grain-handling and -processing 
facilities were reviewed. Alberta Province Occupational Health and Safety 
Regulations contain an addendum covering grain elevators and feed mills. The 
regulations are brief and principally address personal protective equipment, 
scaffolding, machine guarding and manlifts. They do not adequately address dust 
control, specific hazardous equipment used in grain elevators, or entry into 
confined spaces. 

OntariO, Canada, industrial safety regulations also address grain elevators. 
These regulations are equipment oriented and are very similar to NFPA 61B in 
areas of facility construction, bucket elevators, grain dryers, and dust-control 
systems. 
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TABLE 6 

CROSS-REFERENCE OF RECOMMENDED SAFE WORK PRACTICES FOR GRAIN 

ELEVATORS AND FEED MILLS TO THE OSHA STANDARD 

RECOMMENDED SAFE WORK PRACTICE OSHA STANDARD 

Personal Protective Equipment 1910.28(j)(4) 
1910.95 
1910.132 
1910.133 
1910.134 
1910.135 
1910.136 
1910.137 
1910.156(e) 
1910.252(e)(1) 
1910.252(e) (2) 
1910.252(e)(3) 
1910.252(e)(4)(iv) 

Dust Control 1910.22(a) 
1910.176(c) 

Hot Work 1910.252(c)(4)(ii) 
1910.252(d) (1) 
1910.252(d) (2) 
1910.252(e) 

Smoking, Open Flames and Hot Surfaces - - - - - -

Inspection and Maintenance - - - - - -

Emergency Planning 1910.36(b)(5) 
1910.36(b)(7 ) 
1910.37(n) 
r910.38 
1910.156 
1910.165 
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RECOMMENDED SAFE WORK PRACTICE 

Confined Spaces 

Isolation and Lockouts 

Machine Guards 

Labeling and Posting 

Lightning Protection 

Foreign Material 

Walking/Working Areas 

Static Electricity 

Hazardous Material Storage 

Bucket Elevators 

Dryers 

Electrical Equipment 

Manlifts 

OSHA STANDARD 

1910 • 28 (j ) ( 4 ) 
1910.134(e)(3)(i) 
1910.134(e)(3)(ii) 
1910.134(e)(3){iii) 
1910.252(e)(4)(iv) 
1910.252(f){4)(iv) 

1910.212 (a) (1 ) 
1910.212(a) (2) 
1920.212 ( a )( 3 ) 
1910.219 

1910.36(b) (5) 
1910.37(q) 
1910.145 
1910. 176 ( e) 
1910.252(a)(2)(iii)(a) 
1910.252(e)(4)(vii) 

1910.22(a) 
1910.22 (b) (1 ) 
1910.22(c) 
1910.23 (a) 
1910.23(b) 
1910.23 (c) 
1910.36(b) (1) 
1910. 36 (b) ( 4 ) 
1910.36 ( b) (5 ) 
1910.36 (b) (8 ) 
1910.37(e) 
1910. 176 (c) 

1910.219(p)(2)(iii) 
1910.309 

1910.106 
1910 .176 (c) 

1910.308 
1910.309 

1910.68 
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RECOMMENDED SAFE WORK PRACTICE 

Firefighting Equipment 

Hand and Portable Power Tools 

Powered Industrial Trucks 

Ladders and Scaffolds 

Compressed Gas Equipment 

OSHA STANDARD 

1910.37 (m) 
1910.157 
1910.158 
1910.159 
1910.181 (j)(3) 
1910.252(d) 

1910.242(a) 
1910.243 (a)( 5 ) 
1910.243(b) (2) 

1910.178(a)(3) 
1910.178(c)(2)(vi) 
1910.178(c)(2)(vii) 
1910.178(1) 
1910.178(q) 

1910.25(b)(1 )(i) 
1910.2S(d) 
1910.26(a)(l) 
1910.26 (c) (1 ) 
1910.26( c)(2) 
1910.26 (c)( 3 ) 
1910.27 
1910.28(a)(3) 
1910.28(a)(4) 
1910.28(a)(5) 
1910.28(a)(6) 
1910.28(a) (7) 
1910.28(a) (11) 
1910. 28(a) (14) 
1910.28(a) (19) 
1910.28(a)(26) 
1910.28(j) 

1910.166 
1910.167 
1910.168 
1910.169 
1910.242(b) 
1910.252(a)(2)(i)(a) 
1910.252(a)(2)(i)(b) 
1910.252(a)(2)(iii)(a) 
1910.252(a}(2)(v)(b)(2) 
1910. 252 ( a) (2 ) ( v) ( b ) (6 ) 
1910.252 ( a) (2) ( v) ( b) (7 ) 
1910.252(a) (2) (v) (b) (15) 
1910.252(a)(2)(v)(b)(18)(ii)(c)(2) 1910.2 
52(b) 
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RECOMMENDED SAFE WORK PRACTICE 

Hoisting Equipment 

First Aid Equipment 

OSHA STANDARD 

1910. 179 ( b) (8 ) 
1910.181(b) (3) 
1910.181 ( f) 
1910.181(d) 
1910.184 (e)(5) 
1910.184( f)(l) 

1910.151 
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SAFETY RESEARCH 

INTRODUCTION 

In developing the guidel ines for reducing accidents and injuries in grain eleva­
tors and feed mills, the need for research to supplement limited or questionable 
data was apparent. Recanmendati ons for research in several areas where add i­
tional study should prove beneficial are contained in this section. Extensive 
research in many needed areas is currently being conducted or sponsored by 
industry, the Government and the academic community. A summary of these ongoing 
research projects is also included. 

RESEARCH RECOMMENDATIONS 

Dust Control 

The val ue of dust control in grai n elevators and feed mill,s is recogni zed 
throughout the industry. Housekeeping is thought by many to be the most 
important factor in reduci ng the ri sks associ ated wi th grai n dust expl os; ons. 
Although the value of a clean facility is recognized, there is no clear defini­
tion of \'ilat is meant by "clean." Some literature implies that anything more 
than a trace of dust must be cleaned up. Other literature indicates that accumu­
lations should not exceed 1/64, 1/16 or 1/8 inch. One source indicates that some 
facilities are so dirty that, in comparison, even dust levels up to the tops of 
shoes could be considered clean. Research to determine definitive guidelines for 
the degree of cleanl iness that is considered safe would be of val ue throughout 
the industry. The guidelines should address all surfaces where dust may accumu­
late, both inside and outside of enclosures, as well as techniques which can be 
used to measure the level of cleanliness. 

Of equal importance is the need to investigate airborne dust levels within 
enclosed handl i ng and processi ng equi pment. In many cases ai rborne dust 1 evel s 
exceed the lower explosive limit, even with air aspiration systems operating. 
Explosive dust concentrations, combined with rapidly moving components within the 
equipment which may provide the ignition source, result in a continuously 
hazardous operation. This condition must be corrected before the problem of 
grain dust explosions can be resolved. Development of practical techniques for 
measuring airborne dust levels should be included as part of this effort. 

A third area requiring resolution is the practice of returning dust from 
pneumatic collection systems to the grain. Many experts indicate that limiting 
reintroduction of dust improves safety. However, other experts question whether 
the safety benefits justify the economic cost and the IXltential problems 
associated with handl ing the dust separately. Research should be conducted to 
detennine the relative safety benefits of total restriction of returning dust to 
the grain, partial restriction, and no restriction, for the various sizes and 
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types of grai n-handl i ng and - processi ng faci 1 i ti es. Research shoul d i ncl ude an 
investigation· of the techniques that may be used to return dust without sub-

• sequently throwing the dust into suspension. 

A fourth area needing additional study is the practice of using additives to 
reduce emi ssi ons of dust from grai n duri ng handl i ng and processi ng operations. 
This approach shows promise; however, there appears to be very little positive 
response from within or outside the industry. The most obvious question to be 
resolved is the possibility of additives altering the taste or quality of the 
product. Additional investigation is needed to answer this question and other 
relevant aspects associated with the use of additives. 

Bucket Elevators 

Bucket el evators are by far the most hazardous equi pment used in grai n el evators 
and feed mills. Tests have shown that elevator legs routinely produce airborne 
dust level s exceedi ng the mi nimum expl osi ve concentration. Al though all loca­
t ions where dust is present can be ha zardous under the pro per cond i t ions, buc ket 
elevators appear to be exceptionally so. Development of specific preventive and 
protective measures for bucket elevators should be given high priority. Certain 
techniques, such as the use of slow speed legs, appear advantageous and should be 
further developed. The advantages of using plastic buckets to reduce the chance 
of sparks shoul d be eval uated, along with the possibl e di sadvantages associ ated 
with the addition of flammable materials, the possibility of static charge 
buildup on plastic buckets, and the possibility of health hazards from the 
burning of plastic materials. The advantages and disadvantages of PVC versus 
rubber belt material should be evaluated. Investigation of internal dust levels 
with respect to the location, configuration, and capacity of the dust-collection 
system would also be valuable. Other aspects of bucket elevators including basic 
design, reliability and maintainability should be investigated from a system 
safety standpoint. 

Explosion·Venting 

Explosion venting is frequently recommended in the literature as a method of 
limiting the destructive effects of an explosion. Venting is usually recommended 
for bins, bucket elevators, dust collectors, pneumatic conveyors and other equip­
ment and building enclosures. However, specific recommendations for the configu­
ration and type of venting best suited for the various applications and the 
needed relief area are often poorly defined or conflicting. 

The practi ce of extendi ng bucket el evator casi ngs above the roof is common; 
however, most sources concede that thi s pract ice is not full y effect; ve because 
of the rapid pressure rise rate associated with most explosions. Recommendations 
for venting of storage bins also vary widely. Effective venting of concrete bins 
is usually not practical because of the large height-to-diameter ratio and lack 
of venting considerations in the initial design. 

Research to detenni ne the optimum venting confi gurat i on for each appl i cat ion 
would be val uable. Research should be conducted separately for new construction 
applications and for existing facilities. Research for new construction should 
consider basic design changes in the equipment to accommodate or lessen the need 
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for venting, as well as reconmendations for the best location of the equill"ent. 
Research for existing facil ities should consider the roost efficient and cost-

, effective means of addi ng rel i ef vents. 

Confined Space Entry 

Literature associated with confined space entry reflects the potential hazard of 
worker exposure to oxygen deficient atmospheres. It is generally noted that 
oxygen deficiencies in grain -storage vessels may occur as the result of composi­
tion changes in stored materials or rusting of metal containers. 

To prevent ...."rker exposure to oxygen deficiencies, conditions in the confined 
space must be eval uated pri or to entry. Many sources reconmend atmospheri c 
testing to accomplish this evaluation; however, this is probably because the 
specific criteria needed to make a subjective eval uation of the atmospheric 
conditions and ventilation adequacy are not apparent. If these criteria could be 
identified, it is likely that in many cases atmospheric testing would not be 
necessary to ensure worker safety. Specific data on the likelihood and charac­
teristics of oxygen deficiencies in confined spaces in grain-handling and 
-processing facil ities would be a val uable aid in fully understanding the degree 
of hazard and the necessary hazard controls. 

General Safety Studies 

The need for additional research into the various causes and control s of fires 
and explosions in grain elevators and feed mills and investigation of actual 
incidents is obvious. Not so apparent, however, is the need for investigation of 
the many accidents and injuries suffered daily by workers in the perfonnance of 
their assigned tasks. It is known that back injuries, cuts, bruises and sprains 
are among the most frequently occurring injuries. Infonnation indicating the 
type of equipment most often involved in accidents can al so be obtained to some 
extent. However, data of sufficient detail to enable the accurate identification 
of the contributing factors and the actual causes of accidents are not readily 
available. A system to provide these causative data would be a valuable aid in 
establishing specific safety guidelines and effective training programs for the 
entire industry. 

ONGOING RESEARCH 

Government-Sponsored Research 

In addition to this study sponsored by NIOSH, several ongoing projects are 
currently being funded by NIOSH and OSHA grants. Those include: 

1. Prevention of Grain Elevator and Mill Explosions. The purpose of this 
project is to develop comprehensive recomnendations for the prevention 
and control of dust explosions in grain elevators and mills. The study 
is being conducted by National Academy of Sciences Panel on Causes and 
Prevention of Grain Elevator Explosions. A handbook on dust-collection 
systems is also being developed as a result of the study. 

2. Explosion Hazards Related to Grain and Feed Dusts. The intent of this 
project is to gain a better understanding of the phenomenon involved in 
vegetable dust explosions, to provide a model for dust flame propagation 
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in confined spaces, and to furnish data for dust collection, venting, 
and flame quenching for design engineers. The study is being conducted 
at the University of Michigan. 

3. Safety in Grain Bins. The purpose of this project is to determine the 
magnitude and characteristics of forces acting on a person trapped in a 
mass of grain flowing to an outlet from a bulk storage bin under normal 
and faulty (abnormal) grain conditions. The study is being conducted at 
the University of Kentucky. 

Industry-Sponsored Research Completed 

Industry has also chosen to pursue practical research to resolve unanswered 
questions surrounding explosion incidents and to find workable methods for 
reducing these hazards [97]. Research projects are being coordinated by the Fire 
and Explosion Research Council of the National Grain and Feed Association. 
Completed projects include the following: 

1. Elevator· Design Conference. Conducted in September 1979 in Kansas City, 
Mi ssouri, the conference exami ned e1 evator desi gn and its impact upon 
safety. It focused upon current state-of-the- art desi gn concepts for 
grain-handling facilities. The conference resulted in the publication 
of a SIS-page reference book, entitled "A Practical Guide to Elevator 
Design." 

2. Combustible Gases in Grain Elevators. Research indicated that combus­
tible gases and vapors do not emanate from decomposing or fumigated 
grain in amounts sufficient to contribute to the explosiveness of grain 
dust. Research also indicated that no detectable levels of gases were 
absorbed by the grain dust. 

3. Literature Survey of Alternative Dust Uses. In a literature study 
conducted by Kansas State University, Manhattan, Kansas, it was 
determi ned that on1 y 23 research arti cl es have been wri tten on thi s 
subject. The report i ndi cates that grai n dust, when separated from 
grain and collected, is used primarily as a feed ingredient. 

4. Electrostatic Characteristics of Grain and Grain Dust. This research 
indicated that al though grai n can accumul ate moderate amounts of el ec­
trostatic charges when moving across spouts and chutes, such charges 
dissipate quickly when grain comes into contact with a device or struc­
ture that is well grounded. The project also found that moisture con­
tent of the grain has a significant effect upon its resistance to elec­
trical charges. 

S. Electrostatic Charge Levels on Belt Conveyors. In a study of the elec­
trostatic charges on conducting and nonconducting conveyor belting, it 
was found that the potential charge levels accumulating on conductive 
belting were higher in winter than in surrmer. But at no time did such 
charge levels reach a hazardous level. Further, there was no relation­
ship between the charge level on the belts, and the ambient temperatures 
or relative humidity existing within the facil ity. The research al so 
showed that static eliminators have limited usefulness. 
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6. Concentrations of Gases Following Fumigation. Results of this project 
show that concentrations of phosphine and carbon disulfide used during 
the fumigation process do not accumulate to flarrmable levels. This 
research indicates that flammable fumigant levels are unlikely to occur 
in grain-handling facilities, particularly if a minimal amount of air ;s 
circulated in confined portions of the facility, such as the tunnel. 

7. Grain Dust Ignition by Frictional Sparks. This project found that a 
shower of metal sparks of sufficient energy could ignite an explosive 
dust cloud, such as might occur in continuous, high speed grinding 
operations. However, the study did not detennine if sporadic or 
occasional sparking incidents would ignite an explosion. 

8. Current Utilization of Grain Dust. This project was to learn more about 
how the industry currently collects, handles, and utilizes grain dust. 
A survey indicated that grain dust that is separated and handled apart 
from grain is used most frequently as livestock feed. The average 
percentage of grain dust collected by dust-collection systems was 0.18% 
of the unit weight of grain handled. The survey indicated that much of 
the grain dust was retained in the grain or grain products. 

9. Expl osi on Venti ng and Suppressi on of Bucket El evators. Thi s research 
showed that explosion venting can be used effectively to protect bucket 
elevators from explosions. The research also showed that suppression 
systems can be successful in halting explosion propagations at their 
earliest stage. In a second phase of the project, it was found that a 
grain distributor having a single-spout opening was effective in 
1 imi t i ng fl ame propagat ion. 

10. Survey of Literature on Ignition of Dusts by Friction and Impact Sparks. 
This project provided additional information on the role of metal sparks 
as an explosion ignition source. The report concludes that available 
accident data are not statistically Significant for fully addressing 
metal sparks as a dust ignition source. The survey found that high 
friction and continuous sparking incidents could be an ignition source 
in some cases, but additional research and data are needed before a 
complete evaluation can be made of whether sporadic or occasional 
sparking incidents are a hazard. 

Industry Sponsored Research in Progress 

Research projects sponsored by the National Grain and Feed Association that are 
now underway include: 

1. Effectiveness of Additives in Reducing Grain Dust. This project is 
examining the potential use of water and oil additives to reduce dust 
emissions during handling operations. The project consists of adding 
various percentages of soybean oil, mi neral oil and water to corn, wheat 
and soybeans at an elevator facility in Ohio. Long term effects of the 
oils on the condition of grains are being analyzed, as is the long term 
effectiveness of the oils in reducing dust concentrations •. The project 
is measuring the reduction of airborne dust in several locations 
throughout the elevator. 
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2. Ignition Due to Electrostatics in Powder Systems. This study examines 
electrostatic hazards that may occur in a full-scale b~lk handling 
system. The research consists of the measurement of electrostatic 
charges that occur during handling of various bulk powders. 

3. Dust Hazard Index and Minimum Fuel. This project examines in a 
laboratory apparatus the amount of dust necessary for a secondary explo­
sion to occur. A second goal is to detennine the minimum explosible 
concentrations and minimum ignition energies of various dusts to provide 
operators wi th infonnati on eoncerni ng hazardous ai rborne concentrati ons 
and accumulations of grain dust. 

4. Explosive Power of Grain Dust in a 20-liter Chamber. This research 
project is to study the explosive characteri stics of grain dust. Data 
for various grain dusts and their lower explosive concentrations are 
being developed. 

5. Examination of Dust Layers as a Fuel Source. Research of the rule that 
smoldering combustion may play in the ignition of elevator explosions is 
being conducted. The project is investigating the effect that varying 
thicknesses of dust layers has on the dust's heat content and the prob­
ability of its breaking into flames. 

6. Venting of Galleries. This is examining dust explosion propagation in 
simu1 ated gall eri es. The proj ect is studyi ng the vent i ng of duct- 1 ike 
structures (structures with a high ratio of length-to-cross-sectional 
area) such as galleries, bridge structures, and tunnels common in grain 
facilities. 

7. Electrical Grounding Characteristics of Grain Elevators. This study 
examines the grounding characteristics utilized in grain-handling 
facilities. The project will measure the resistances to earth and the 
total capacitances of equipment to detennine where electrostatics need 
to be exami ned • 

8. Reducing Dust Concentrations in Bucket Elevators. This research is 
exami ni ng the effectiveness of several methods of reduci ng grai n dust 
concentrations in bucket elevators. The project is aimed at finding 
methods of limiting or preventing the occurrence of explosive concentra­
tions in bucket elevators. 

9. Static Electricity Field Strengths in Grain Bins. This study is to 
determine whether electrostatic charges accumulate in grain bins during 
filling, and whether such charges are hazardous. The project is 
investigating the electrostatic field strengths within the bins of a 
grain tennina1 in Tilbury, England. The research al so is investigating 
the charge levels on grain as it is transported on a conveyor belt and 
as it falls into the bin. 
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