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NOTICE: The project that is the subject of this report was approved by the 

Governing Board of the National Research Council, whose members are drawn 
from the Co uncils of the National Academy of Sciences, the National Academy 

of Engineering, and the Institute of Medicine. The members of the panel 

responsible for the report were chosen for their special competence& and 
with regard for appropriate balance. 

The report has been reviewed by a group other than the authors according to 
procedures approved by a Report Review Committee consisting of members of 

the National Academy of Sciences, the Na tional Academy of Engineering, and 
the Institute of Medicine. 

The National Research Co uncil was established by the National Academy of 
Sciences in 1916 to associate the broad community of science and technology 
with the Academy's purposes of furthering knowledge and of advising the 

federal government. The Council operates in accordance with general 

policies determ ined by the Academy under the authority of its congressional 
charter of 186 3 ,  which established the Academy as a private, nonprofit, 

self-governing membership corporation. The Council has become the principal 

operating agency of both the National Academy of Sciences and the National 
Ac ademy of Engineering in the conduct of their services to the government, 

the public, and the scientific and engineering communities. It is 
administered jointly by both Academies and the In stitute of Medicine. The 
National Academy of Engineering and the Institute of Medicine were 

established in 19 64 and 1 9 70 ,  respectively, under the charter of the 
National Academy of Sciences. 

This study by the National Material s Advisory Board was conducted under 
Contract No. J-9-F-8-0 1 3 7  with the Occupational Safety and Health 
Administration (OSHA}. FUnding was provided by OSHA, National Institute for 

Occupational Safety and Health, and the Department of Agriculture. 

This report is for sale by the National Technical Information Service, 

Springfield, Virginia 221 51. 

Printed in the United States of �erica. 
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ABSTRACT 

The panel , in  this second report of the causes and prevention of grain 
elevator explos ions , presents an overview of the dus t explos ion problem in 
grain-handl ing facilities . Re commendations a re made that could reduce the 
present dange r of explos ions . 

A s ya te• approach to risk manage•nt was employed that permits all  
aspects of a s i tuation to be cons ide red s imultaneously rathe r than 
separately or sequentially.  An a ttempt was made to identify every poss ible 
hazard tha t contr ibutes to grain dus t explos ions in elevators  and mill s . 
Ba ch  i dent i fied hazard was evaluated in terms of i ts s igni ficance to 
explos ion potential--the moa t consequential having the highes t ranking and 
the least consequential the lowes t .  Based on these rank ings , the panel 
formulated its rec�ndations , balancing those actions tha t address the 
most s igni ficant hazards with those that coat the least to implement . 

Discussed i n  same detai l are preventive •aaures to forestall a du s t  
explosion, constra ints imposed b y  the c oa t  o! dust control measu res , 
insu rance agains t loas and inju ry , cooperation between government regulatory 
agenc ies and i ndustry , the legal e nvironment , e levator operator housekeeping 
practices , and the psychological factors involved . 

i i i  
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The panel members tou red a numbe r of elevators and mUla ranging in 
s ize from small country elevators to large export elevators , investigated a 
numbe r of explos ions that occu r red during the panel ' s  tenu re ,  and vis ited 
the research facilities of ca rg ill , Inc . , in Minneapol is , Minnesota and the 
Depa rtment of Agricultu re in  Manhattan , lanaaa . A number of tutorial 
a eaa iona were held dur ing which members of industry , labor , and gove rnment 
presented technical information and expressed the i r  views on manage ria l  and 
administrative matters affecting safety in the industry . The chai rman , on 
behal f of the pane l , grate fully acknowledges the contr ibutions of these 
i ndivi duals : Ludwig Benner , Jr . ,  Ernest Davia , and Brad Gr ose of the 
Nationa l Transportation Safety Boardr Rober t E .  Prey and Sidne y Orem of the 
Indus trial Ga s  Cl eaning Aa aociationr James Maness and Mark Goedde of the 
Nationa l  Grai n and Pee d Aaaociationr John Healy of the Grai n Elevator and 
Processing Societyr Joseph Gi ll is of Fenwal , Inc . J  La r ry Barber of the 
Ame r ican Federation of Grai n  Miller ar Thomas Gillum of the Allie d Indus tria l 
Wor kerar Max Spencer of the Continental Gr ain Corporation and the NFPAJ 
walte r lellog of the lellog Grai n caapanyr Gary McDanie l of MAC PneUIIatic 
Sys tems , Inc .r  Ch arles Rockwell of CEA ca rter-Day Company, Ph i l ip Sheeler of 
the Pood and Dru g Adminis trationr James NUtte r of Scandura , Inc . J  
G. D .  Gr ant of un iroyal , Inc .r  Roger Myhre of Koppe l ,  Inc . ,  Will iam Pox of 
Lakeland Enginee ring Equ ipment Companyr Bruce Beelman of the u.s. Depa rtment 
of La bor J  a nd Robert Schoeff of the Un ivers ity of Ka nsas . Appreciation also 
is extended to the l ia ison representatives of the pane l and to the NMAB 
s upport s taf f .  

Th i s  report of the panel presents an overview o f  the dust explosion 
problem i n  grai n-handling facilities and includes recommendations for 
re ducing the present danger .  The panel bel ieves that e ffective 
implementation of these recommendations requ i res  understanding on the pert 
of a ll who a re aaaociated with the grain indus try ( i .e . , managers , workers , 
fede ral and s tate employee s , legislators , labor officials , insu rance 
underwr i ters , and equipment manu facturers) . There fore , this report is 
intended for an audience with widely va ried interests in and expe rience wi th 
grain and grain-handl ing facilities . De ta iled technical information is 
presented i n  appendixes . 

The term •grain-handling industry• i s  used throughout this report and 
encompasses both grain elevators and the various grain process ing mill s .  
Mi lls n ot  located next to grain e levators e levate and s tore grain and othe r 
caamodities i n  the same manner as  grain elevators (with one exception , dust 
pelletizing m il la ) J consequently,  they have the same problema as grain · 
elevators except for dus t diapoeal . Each mil l als o has additional explos ion 
problema part icular to the process ing performed , and these unique problema 
are discussed in an appendix to this report . 

Roger A. S trehlow, Chai raan 
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PREFACE 

Agricultural dus t explos ions have an extens ive history .  Th e  earl iest 
recorded explos ion i n  a grai n-handl ing facil ity occu rred i n  a flou r mil l in 
TUrin,  Ital y ,  in 17 85 . *  The u.s. government f irst took official notice of 
such explos ions i n  1913  following one in a feed gr inding plant in Buffalo,  
Ne w  York .  Du ring and iaaediately following World war I ,  the Un ited States 
Grain Corporation conducted a program to investigate grain elevator 
exploaiona and to re�nd measu res to prevent them . The Na tional Fi re 
Protection Association (NPPA) recentl y publ ished a list of important dus t 
explos ions , excluding those in coal mining , occurring in the Un ited States 
and Canada since 196 0 .  'l'heae and othe r reports and investigations , 
h6weve r ,  have done l ittle to reduce the frequency or seve r i ty of explos ions . 

As i n  the past , a flu r ry of activity followed a ae ries of.diaaa troua 
explosions in late 19 77 . Industry , labor , and govern.nt all increased 
the i r  explos ion prevention efforts . 'l'he fede ral government , through the 
Occupa tional Sa fety and He alth Administration (OSHA) , the Depa rt•nt of 
Agr iculture and the National Institute of Occupational Safety and Heal th 
(NIOSB) , requested that the Na tional Academy of Sciences ' Na tional Materials 
Advisory Board (NMAB)** through ita exis ting Ccmaittee on EValuation of 
Industri al Hazards establ ish a panel to s tudy the grain-handl ing industry 
and to recCIIIlend •aau rea to reduce the explos ion hazard . 'l'here fore , the 
Panel on Ca uses and Prevention of Grain Elevator Explos ions was formed , 
cCBpoaed of experts in many fields related to explos ions , the grain 
industry , and ayate• analys is . 

*COunt Morozzo, Repertory of Arts and Manu facturers 2 ( 1 7 9 5) : 416-4 32 
( referred to in K .  N. Pal• r , Dus t EXplos ions and Pi res , pp. 7-8 . 197 3) . 

** The Na tional Ma ter ials Advisory Board ia a u nit of the COnmiaa ion on 
Enginee ring and Technical Sys tems of the National Research Counci l . Ita 
general purpose ia the advance•nt of materials science and engineering 
in  the nationa l  interest .  It  ful fills that pu rpose by providing advice 
and ass istance to govern.nt agenc ies and pr ivate organi zations on 
matters of mate rials science and technology affecting the nationa l  
interest , b y  focus ing attention on the •ateriala aspects of proble• and 
opportunities , and by mak ing appropriate recommendations for the solution 
of such proble• and the exploitation of the opportunities . 
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Olapte r 1 

INTRODOCTION 

BAC KGROUND 

EXplos ions in  grain elevators and mil ls have been documented for over 
10 0 years bu t  probably have occur red ever since s tructu res for handling 
grain i n  large quantities were developed . A1 though long recognized aa an 
indus trial haza rd , elevator explos ions rece ived wide national attention 
re cently when during an e ight day period in  1977 beginning on December 21 
and ending on December 2 8 ,  five explos ions occur red resulting in 59 deaths 
and 4 8  injuries ( U. S .  Department of Agriculture 1 9 80) . 

In the past , explos ion prevention efforts in the grain processing 
i ndustry were concentrated on mills , mainly flour and s tarch . The fede ral 
government firs t  gave attention to the dangers of grain dus t explos ions 
following the explosion of a feed mill in  191 3 ,  and the continuing eaphaa ia 
on mUla MY have been due to the ve ry la rge numbe r of fatal itie s  that 
occur red in  early m ill explosions (e . g . , 4 3  fatal ities and 30  injuries in a 
starch mil l explos ion i n  Cedar Rapids , Iowa , in  1919) . Howeve r ,  the danger 
of expl os ions due to collections of grain dus t in elevators had not been 
totally ignored (U . S . Depa rtment of Agr iculture 1918 , u.s. Grai n Corporation 
19 20a and b) • 

In Ju ly 19 78 , a t  the reques t of the Department of Agr iculture , the 
National Academy of Sciences conducted an international aympoaium on grain 
e levator explos ions ( National Materials Advisory Board 1978) . Shortly a fter 
the ayapoeium the Occupational safety and Heal th Mlllinia tration (OSHA) of 
the Department of Labor reques ted that the Na tional Academy of Sciences form 
a group to study the causes and make recommendations for the prevention of 
grain elevator explosions . In November 1978 , the Panel on causes and 
Prevention of Grain Elevator Explos ions was for.d unde r the Academy ' s  
Na tional Ma te r i als Advisory Board . The panel ia part of the Board ' s  
CCIIIIDittee on Evaluation of Indus tria l Haza rds . The 10 "'11Mtmber pa ne l  i a  
caaposed of experts in ayatema analys is ,  explosion dynamics , investigations 
and prevention , ins trumentation , grain  handl ing and process ing ,  agricultural 
i nsurance practices , employee relations , dus t control methods , and 
aerodynaaica . Ita objectives we re to : 

1 .  Study the federal government ' s  investigation of grain e levator 
explosions and make reca��Mndationa for imprOftment , 

2 .  Investigate grain e levator explos ions selected by OSHA occurring 
du r ing the pane l ' s  tenure and dete rmine the i r  causes , 

1 
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FIGURE 2 Grain elevator operations. The devices that perform the functions shown in the blocks 

of this diagram are illustrated in Figure 3 and described on pages 15 and 17. 
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on the left and the outputs appear on the right . Thus , the PPBD shows 
graphically the i nterdependence of all taaks or activi ties tak ing plac. in 
the facility .  Since it  is one s ingle and complete display of al l essential 
func tions , the probability of over looking any factor related to an exploe ion 
is vastly reduced . 

Identi fication of Risk Exposure 

The pr imary mechanism used by the panel to identi fy the causes of 
grain dus t exploeions was the haza rd scena rio . Every accident is comprise d  
o f  many e le•nts--not j ust s c.e  s ingular , isolated event , and the hazard 
scenario is a brie f  descr iption of the caabined causative factors that coul d  
lead to an explosion .  Ha zard scenarios a re n ot  an end in the•elves in that 
they identify only facets of expoeure to r is k  (Groee 1982) . Howeve r ,  one of 
the maj or values of hazard scenarioe is that they can descr ibe explos ions 
that have not yet occu r red but that are poesible . Thus , they serve to 
e.phas ize the need for preventive or cor rective actions . 

Appendi x A presents a representative saaple of the more than 15 0 
scenariOB that were prepared by the panel. Some of them descr ibe actual 
occur rences investigated by pane l •IIbera while others are hypothetical 
poes ibilities proposed by employees of the grain-handling industry 
experienced in elevator operations . 

Ea rly i n  the ir a ttempt to identi fy causal factors for grain e levator 
explos ions , the pane l concluded that existing data were insufficient to 
penait the identification of needed preventive actions . There fore , a teaa 
of pane l •IIbera was for.d to investigate s ignificant explos ions that 
occur red dur ing the panel ' s  tenure . The pr i•ry function of the 
investigation team was to obtain data that identified the hazards leading to 
a grain e levator exploeion. A secondary function was to establ ish and 
re fine investigative techniques for identi fying and analyzing causal factccs 
a t  the scene of an explosion.* The team was s taffed with panel members and 
l iaison representatives who had divers i f ied profess ional specialtie s .  

Evaluation of Identi fied Risk 

Identi fying the many and varied exploeions r isks in a grain e levator , 
whether by •ans of hazard scena r ios or on-site investigations of 
exploe iona , is  a d ifficult process . It  is  especially important that hazard 
identi fication not be inhibited by any initial concern for the s ignificance 
of an individual identi fied hazard r i f  i t  is , many subtle hazards probably 
will be overlooked . 

* A report e ntitled , •The Investigation of Grain Elevator Explos ions , •  
NMAB 367-l , 198 0 ,  National Academy of Sciences , Washington , D .C . , was 
iuued . 
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Oltilaately , howeve r , al l identified hazards auat be evaluated for 
the ir s ign ificance because there are neve r enough resou rces available to 
prevent or cor rect every hazard that can be identified . The panel ranked 
a ll identified hazards into a hierarchy of importance using three 
measu res--the seve rity of the haza rd , ita frequency or probabil ity of 
oocur rence ,  and the a110Unt of resources requ ired to control i t .  Bach 
scena rio vas ass igned three letters--one for seve rity ,  one for probabi lity, 
a nd  one for control resou rces as described in  Appendix A .  S ince h istor ical 
data for many of the scena r ios did not exist , the panel • a judg.ent was 
ifti)Ortant in  this rank ine). 

Once the three letters were ass igned to each scenario,  all the 
scena r ios could be evaluated by the panel to detenaine their relative haza rd 
s ign ificance . 

This rank ing procedure can be used in the future by grain e levator 
owners and ope rators . U.ing this decia ion-.aking tool , they can judge the 
s ign ificance of all identified hazards on the same bas is and e fficiently 
allocate resou rces for the reduction or control of explos ions . 

Control of Significant Risk 

Once the evaluation of all identified r isks revealed those that were 
moa t s igni ficant , the panel sought expe rt counse l on how such ha za rds might 
be beat controlled . Th is counsel was of seve ral types . Knowledgeable 
expe rts in grain due t control , elevator des ign , envi ronmental protection , 
grain economics , and grain handl ing were invited to address the panel on 
due t explos ion prevention . Othe r groups and spokesmen met with the panel to 
offer control measures .  ( See Pre face for a list  of those contr ibuting to 
this effort . )  Individual panel members also vis ited selecte d grain-handl ing 
s ites to review speci fic preventive actions for explos ion scenarios . 

Financing of Uncontrolled Risk 

There are three classes of uncontrolled hazarda a (a ) those for which 
there is no e ffective preventive action , (b) th08e cons ide red ins igni ficant 
but which turn out to be consequential , and (c) those that we re unforeseen . 
While the panel has made no reca��Mndationa rega rding the various options 
for f inanc ial coverage of l08aea due to these three classes of r isk , the 
econaaic impact due to due t explos ions was of constant concern . lllong the 
options d iscussed were l08a wri te-off , assumption of debt , self-insu rance , 
and other means of trans ferring the risk  of l08a . 
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Chapte r 2 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

1 .  Numerous reports on expl os ion prevention in the grain-handl ing 
industry have been publ ished ove r the paa t 6 0  years . Many present long 
l iata of actions to be taken with l ittle or no aaaeaament of the i r  
feas ibil ity o r  potential e ffectiveness o r  explanation o f  why they we re 
needed .  These reports generally do not cons ider the influence of human 
characte ristics on explos ion prevention , questions requ i r ing resea rch , or 
methods for d isseminating w idely the avai lable information on explos ions and 
the i r  prevention . In addition , the existence of these reports appears to be 
1 ittle known . 

2 .  Recent caapilationa wa.tld make i t  appear that the number of 
grain-handl ing facil ity explosions occu r ring annually in the United States 
baa i ncreased dur i ng  the paat 20 to 25 years but that much of thia apparent 
increase could be due to bette r reporting procedu res . Nonethe less , it  
appears that the problem of grain e levator explos ions ia greate r  than 
gene rall y real ized . 

3 .  The e levator leg i a  the most dangerous l ocation with respect to 
initial or the pr ima ry dua t explos ions . 

4 .  Grain dua t ia generated in many places in e levators and ailla . Of 
particula r  concern ia the dua t in confined apacea that , witha.tt proper 
ha.taekeeping , w il l  accumulate in  layers on all surfaces and present a 
potential for secondary dua t explos ions . 

5 .  There ia  a cons iderable body of dccumented evidence indicating 
that electros tatic discha rge can ignite dua t  clouds unde r  the right 
condi tiona r howeve r , the panel fa.tnd no evidence of ignition due to 
electrostatic discharge in ita investigations of explos ions . 

6 .  The contr ibution o f  human operatives and external factors othe r 
than the i.aediate phys ical aapecta (e . g . , people ' s  attitudes , insu rance 
practices , and gOYe rNMnt regulation) often a re a maj or part of the problem 
and often are overlooked . 
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RECDOIENDATIONS 

Given these conclus ions , the information obtained during i ta s tudy and 
the expe rtise of ita members , the pane l identified a numbe r of actions that 
can reduce the frequency and seve r i ty of expl os ions in grain-handl ing 
facilities . It  aaaeaae.d each of these actions in te r• of : 

1 .  The e fficacy or degree to which the explosion hazard would be 
el iminated or controlled by the actionJ 

2 .  Th e  feas ibility or acceptabi l i ty o f  implementing the action in  
l ight o f  economic , legal , cultural , pol i tical , social , and technical 
cona iderationaJ a nd 

3 . The  e fficiency o r  cost-effectiveness of the action ( i .e . , the coat 
of the action veraua the potential dol la r losa if no action ia taken) . 

On the baa ia of this aaaeaament , the panel grouped i ta recommended 
actions in tera of pr ior ity--f irst , second , and thi rd . The panel bel ieve s 
that the f irst-pr ior i ty actions s hould be implemented in all facil ities and 
that the second- and thi rd-prior ity actions should be implemented to the 
e xtent poss ible depending on the speci fic facility .  There ia no internal 
ranking within each category . 

Some of these recommended actions muat be implemented by the 
grain-handl ing indus try and others by gOYernmen tJ still others requ ire 
cooperative e fforts . FU rthe r , aame of these recommended actions a re more 
appropr iate for la rge facil ities and others for small--both exis ting and 
new. Reoonanendationa pecul iar to mUla a re g iven here and d iacuaaed in 
Appendi x c. 

Fi rat Pr ior i ty Ac tions 

• Continue research on methods for reducing the dua t concentration in 
lega to a level below the lowe r  explos ive l imi t . * 

• Es tabl ish a house keeping program involving a mechanical dua t 
collection ayatem supplemented by manual or othe r means . 

• Conduct rigorous preventive maintenance , especial ly on all parts of 
bucke t e levators . 

• Ua e a pre-establ ished and e nforced permit procedure whenever 
welding , cutting , or othe r ope n flame work ia to be done . 

* Lowe r explos ive l imit uaed throughout thia report ia synonymous with 
minimum explos ive concentration . 
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• Incorporate a sys tem to indicate bel t s l ippage and misalignment . 

• Incorporate a method to check frequently the temperature and 
vibration of critical bearings . 

• US e  devices to extract fore ign materials from the incoming grain 
s tream .  

• Ground all conveying and e lectr ical equ ipment . 

Second Priority Actions 

• Examine the ove rall functions of mills and e levators to develop a 
totally new sys tem less subject to the hazards of dus t  explos ions . 

• Control dus t generation and a irborne dust at  all grain trans fer and 
discha rge points . 

• Noti fy all plant managers that safety is  the i r  respons ibil ity .  I f  
authority is  delegated i t  mus t  be to a n  employee who reports 
dire ctly to the plant manager .  

• Appl y state-of-the-art  techniques to reduce the concentration of 
a irborne dust in and emanating from e levator legs . 

• Establ ish an information cente r to distr ibute act ively al l 
available information on e levator and mill dus t explosions and 
the i r  causes and prevention . 

• Es tabl ish a f ire and explos ion prevention training program at each 
facility .  

• Conduct research to develop economic uses for collected grain dus t .  

• Locate hammer mills , othe r gr inding equ ipment , and the ir  dus t 
collection s ystems separate from the main facil ity. 

• El iminate al l nonessential hor izontal su rface s . 

• Treat the avoidance of dust expl os ion hazards as an initial des ign 
cr iteria in the cons truction of new mills and e levators and the 
modi fication of existing s tructures . 

• Continue resea rch on me thods for reducing dus t  concentrations below 
the lower explos ive l imit in  enclosures other than legs . 

• Investigate and report on explos ions in  a manne r tha t reflects the 
re commendations made by the panel i n  its report , •The Investigation 
of Grain Elevator Explos ions , •  Report NMAB 367-1 . 
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Third Prior ity Actions 

• POllow, to the extent practical , the National Fi re Protection 
Association ' s  standard on exploe ion venting (No. 68) for all 
e nclosure s .  Concre te s tructures s hould be vented by windows or 
othe r openings of the size dictated by this s tandard . 

• Es tabl ish a government and industry group to a id in developing and 
updating exploe ion prevention regulations for elevators and mills . 

• Qu anti fy housekeeping s tandards for cleanl iness in grain-handl ing 
facili ties tha t will prevent fires and explos ions . 

• Coat a ll nonhor i zontal surfaces expoeed to airborne dus t with a 
mate r ial that wil l prevent the bu ild-up of layered dust .  

• Investigate the e ffect o f  e lectroetatica and absolute humidity on 
the explos ion haza rd ,  including an exaaination of conveyor belt 
conductivi ty and the charg ing of ungrounded conductive s tructures . 

• Apply s tate-of-the-art techniques to reduce the concentration of 
airborne dust below the lower explos ive l illit where poss ible in 
encloeu res othe r than legs . 

• If  dust is  re tu rned to the grain s tream do it  in the least 
haza rdous manne r .  

• USe only equ ipment and i ns tallation s tandards meeting Na tional 
Electr ica l Code requ irements . 
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Olapte r 3 

THE EXPLOSION PROBLEM 

Gr ain dus t suspended in a ir a t  a concentration above a certain l owe r  
l iait* bu rns rapidl y when ignited . When this occurs in a n  enclosed space , 
explos ive pressu re s  a re generated and detonation may even occu r .  The panel 
found tha t the potentia l for grain dus t explos ions existed in  every elevator 
and mill i t  visited . An e xtrapolation to the appfoximately 1 5 , 0 00** 
elevators exis ting i n  thi s  country a t  present indicates the potentia l 
aagn itude of the problem . Data on recorded explos ions a re presented in 
Table 1 . ** *  

An y  movement or handl ing o f  grain produces grain dust , and this occurs 
at each point in the grain-handl ing system from fa rm to ultimate consume r .  
In the pas t 2 0  to 2 5  years the grain-handl ing industry has processed a 
continuously increas ing amount of grain from u.s. farms . Between 196 4 and 
19 79 ,  for e xample , grain production i ncreased from 16 0 . 7  to 280 . 7  million 
metric tons and the aaount of  grain exported (U .S . Department of Agr icultu re 
19 79a) exhibited an even greater i ncrease from 41 to 113  1m ill ion me tr ic 
tons . Corn accounte d for the greates t portion of both of these increase s .  
A1 though i t  is d i fficult to obtain exact f igures for the amount e ntering the 
grai n-handling system ( i . e . , tota l production minus  on-fa rm use ) , there is 
no doubt that it has increased approximately 150  to 200 percent . Th is 
increase indica tes tha t the velocity of flow through the grain-handli ng 
system has i ncreased , that the uni ts of the grain-handl ing s ys tem have 
increased i n  s i ze ,  or tha t both have occu r red . These changes have increased 
the expl os ion haza rd s ince the amount of dust generated in a facility 
increases with the total amount of grain handled and with increased 
operating equ ipment speed . 

* The lower expl os ive l imit (LEL) range accord ing to u.s. Bu reau of 
Mines 1961 data for a cme common agr icultu ra l  dusts is  from 35 to 30 0 
gjm3 (0 . 0 35 to 0 . 2 9  oz/ft3 ) (See Ta ble B-1 of Appendix B ) . See 
Appendix B for a deta iled discuss ion of the explos ive prope rties of 
grain dus t . 

* *  Includes all i ns tallations involving the elevation of grain ( i .e . ,  
conventional elevators and elevators attached to mill s ) . 

* ** In addition to explosions ,  ove r 2 9 , 0 00 grain e levator fires occur red 
in the u.s. from 196 4 through 197 3 or an ave rage of more than 2900 
f ire s per yea r .  Th is is  reported to be more than 300 t imes greater 
than the ave rage numbe r of grain elevator dus t  explosions in the same 
per i od  (Ve r kade and Chiotti 1976) . 
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TABLE 1 

:!.!!£. 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

Number of Explosions in Grain-Handl ing Facilities . 

Grain Elevator Explos i ons Feed Mill Explos ions 
�GAO 1979� (USDA 1979a)  ( USDA 1979a ) 

8 8 2 
7 8 2 
7 8 4 
9 8 2 
8 8 1 
9 8 6 
3 2 6 
7 6 3 

10 9 5 
1 3  12  5 
10  9 7 

1 1 5 
12  10 0 
10 9 1 

4 2 6 
7 6 2 
8 10 5 
6 6 3 

1 3  18  4 
10 13  8 
- 7 5 

Gra in-Handling Faci l i ties Explosionsa 

15 
21 
17 
14 
22 
25 

9 
28 
31 
20 
29 
4 5  

NOTE : The Gra in Elevator and Process ing Society ( 1 9 7 7 )  reports that 20 3 explos ions occurred between 
1860 and 1956r 1 51 occu r red between 1925 and 1956 , and 137 occu r red between 1958 and 197 5 .  Hall (1978 ) 
reports that 490 explos ions occurred between 1900 and 1957 . 

8Data suppl ied by the u.s. Department of Agriculture , Office of Special Coordinator for Gra in Elevator 
Safety and Security .  Figures obtained by extens ive survey of l ite ratu re and pers onal contacts by a 
member of that Office . Data supplied to pane l  includes actual dates and locations . A few incidents 
prior to 1979 were not completely veri fiable . The last column does not represent the sum of columns 3 
and 4. 

1-' 
� 
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Othe r innovations or changes also have tended to increase the aaount of 
dust in the s ys tem. The rapid drying of grain on the farm or a t  elevators by 
the appl ication of external hea t leads to diffe rential shrinkage , which 
i ncreases the tendency for the kernel to break . The increased fore ign demand 
for corn and soybeans has changed the mix of gra ins pass ing through the 
system , and although the re i s  no de finite proof , i t  is thought that these 
gra ins are cons ide rabl y dustier than wheat , which was the main expor t grain 
pr i or to 1 9 60 .  Minimi zing the handl ing of grain w ill reduce the ove rall 
hazard because dus t is generated every time gra in is moved . 

The movement of grain through the handl ing s ys tem is much less seasonal 
than in prior years due to the la rge increase in on-farm storage facilities. 
Available data do not support a cor relation between the incidence of 
explos ions and any of these factors . In addition , extrapolation to predic t 
a ny future hazard due to external causes i s  next to imposs ible s ince the 
cha racteristics of each seasonal yea r ( i.e . , weathe r , crop qual ity ,  export 
market,  e tc.} a re unique. 

The panel , as  well as othe rs who have studied the problem as far back 
a s  1918, i s  of the opinion that the underlying and by far the most important 
hazard is grain dus t i tself. In an operating elevator or mill, grain dust is 
generated and handled in conf ined spaces, and without proper housekeeping i t  
w ill a ccumulate i n  layers on interior as well as exterior sur faces. Al though 
there are a number of othe r factor s (such as presence of ignition sou rces},  
which contribute to the degree of hazard , the panel feels that they a re 
secondary compa red to the ha zard imposed by the accumulation of laye red grai n 
dus t  on interior surfaces . Th is i s  because the layered dus t is the fuel for 
secondary explos ions tha t occur. 

GRAIN-HANDLING FACILITIES 

Figure 3 i llustrates the phys ical construction of an elevator (see 
Figu re 2 for a flow diagram of the functions performed in a grain elevator} • 
Not all e levators conta in every featu re shown but the i llus tration is  a 
gene ra l representation of mos t of the activities tha t are pe rformed. One 
must real ize , howeve r ,  that even with a m inimum amount of handl ing between 
input and output there are a numbe r of places where the grain i s  subject to 
mechanical s tress leading to the production of grain dust. 

Grain is del ive red to an elevator by truck , rail , or ba rge and i s  
dumped into a pit that feeds a conveyor belt leading t o  the bottom o f  the 
leg , which is  called the boot. The leg is an enclosed , ve rtica l ,  
endless-bel t ,  bucket conveyor that elevates the grain and discharges i t  into 
the top of a garne r .  Grain i s  discha rged from the bottom of the garner into 
a scale b in in batch lots and is we ighed. The grain then flows out the 
bottom of the scale bin onto a bel t conveyor that moves the grain to the top 
of a b in or s ilo. The first grain dumped into an empty s ilo may drop as much 
as 100 feet or more. Grain is unloaded from the bottom of the s ilo onto a 
conveyor bel t that feeds into the boot of the leg. After be ing elevated , the 
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FIGURE 3 Diagrammatic section view of a terminal type grain elevator. Circled numbers indicate 

points at which dust clouds are likely to be emitted (Verkade and Chiotti 1976. 

!Wi 

-
0\ 

Copyright © National Academy of Sciences. All rights reserved.

Prevention of Grain Elevator and Mill Explosions
http://www.nap.edu/catalog.php?record_id=10953

http://www.nap.edu/catalog.php?record_id=10953


17 

grain may take one of seve ra l  di ffe rent paths (e . g . , it may go through the 
weighing process again and be loaded into a truck , rail car ,  or barge , it may 
be blended with grain from othe r s i los and returned to a a u o, or i t  may go 
to a drier )  • It s hould be noted that , except in rare i ns tances , the grain ia 
elevated in the leg a t  leas t twice du r ing the time it ia in the elevator and 
the leg ia always operating when grain i s  being moved within the elevator . 

Elevators va ry in  size from 40 0 , 00 0  to 80 0 , 000  bushels for the average 
s torage capacity of country e levators (a cme may be smal ler or cons iderably 
large r )  (T. E .  Stivers Organization , Inc . 198 0 )  to an avefage of abou t 4 
m ill ion fcc those terminal e levators registered under the Un i form Storage 
Agreement i n  1978 ( Development Planning and Research Aaaociatea , Inc. 1980) . 
Eighty--s even percent of export e levators have a storage capacity g reate r  than 
2 mill ion bushels , with acme exceeding a 10 million bushel capacity (U.s. 
Department of Agriculture 1980) . 

Newer e levators a re of sl ip-form concre te cons truction whe reas older 
elevators are usually of wood cons truction , the latte r  being mos tl y l imi ted 
to country e levators . The geometry of e levators and the method of 
distr ibuting the grain within the elevator also vary widely. Some elevator s 
have lege external to the s tructure , a cme  use incl ined conve yor belts in 
place of lege , same dis tr ibute grain from a leg or incl ined belt into a 
system of pipes (a d istributor ) leading to s ilos , thereby el iminating the 
galle ry on top of the bins , aaae group the bins in a ci rcle around the 
headhouse i ns tead of placing thea in a row as shown in Figu re 3 ,  same extend 
bins on each s ide of the headhouaeJ and acme have cCIIbinationa of two or more 
of these and other features even to the extent of having wood and concrete 
structu res toge the r i n  the same ins tallation . 

In addition to the grain-moving s ys tem in an elevator , most newe r and 
some olde r elevators have a pneumatic dus t  control aystea. Airborne dus t  is  
collected a t  var i ous pointe i n  the e levator to improve the work ing 
environment , to reduce the haza rd of due t explos ions , and to mee t 
Environmental Protection Agency ( EPA) requ i rements concerning ambient a i r  
qual ity. I n  a cme elevators , the dust is collected in a sepa rate b i n  and 
offered  foe aaleJ i n  others , the due t ia  re turned to the grain.  The 
efficiency ,  cons truction , and safety of due t control systems va ry widel y 
th roughout the i ndustry. 

Some m ills foe the processing of grain a re attached to large elevators 
and milling ia onl y a smal l part of the tota l elevator operation . The 
operation of those m ills that a re not adjuncts to grain e levators can be 
divided into two partsz the elevation and storage of grain and the processing 
of grain.  The elevation and s torage port ion of the facility has the same 
problems with due t generation and control aa any ordinary elevator . In both 
types of mil l ,  grain process ing (which can include gr inding , milling ,  mixing , 
pelletizing , etc . ) introduces additional explos ion haza rds . A discuss ion of 
the hazards peculiar to mills i s  g iven i n  Appendix c. 
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Proposals for reducing the explosion hazard mus t take into account the 
great va r iation in  types and s i zes of elevators and mills , in  dus t control 
s ystems , i n  types and amount of grain handled , and in the treatment the grain 
rece ives in  the elevator or mil l .  

DUST GENERATION 

Gr ain dus t is generated ini tially during the harvesting process , and 
grain del ive red directly to an elevator from harvesting conta ins an aaount of 
dus t  that re flects harvesting conditions . Al though all grain dust can be 
cons idered to present a haza rd ,  the mos t haza rdous is  tha t which can becaae 
a ir borne . There is  no part icular s tandard defining the s ize of a irborne dust 
particles , however , for purposes of cCDpa r ing ignition and burning 
characteristics , the u.s. Bu reau of Mines ( 1 9 61 )  used samples of various 
dusts , including agr icul tu ral  dusts , tha t would pass a 20 0-mesh screen 
(maximum part icle s ize 7 4  lJm) . The degree of expl osion hazard for a unit 

mass of dus t  is dependent on the tota l su rface a rea of the dust ,  which , of 
course , i s  inversely proport ional to the square of the s ize of the 
particles . The ease by which dus t becomes airborne also is  inversely 
pr oport ional to the s ize of the pa rt icles for dus ts of equal dens ity. 

Dus t suspended in  air represents the initial ha zard s i nce dus t clouds 
can expl ode . A detailed d iscuss ion of dust cloud expl os ion phenomena i s  
contained i n  Appendix B and an over view o f  explos ions i n  grain-handl ing 
facilities i s  presented below. It s hould be noted , however , that the fuel 
for the dangerous secondary explosions is the layered dus t tha t has settled 
on var ious surfaces i n  the e levator or mill . Du st on some surfaces such as 
floors , walls , beams , and ductwor k is  readily vis ible and can be removed 
e as ily.  

Ne glected or delayed housekeeping will result in the accumulation of 
laye red dus t in an elevator or mil l and poor housekeeping me thods or an 
i nitial expl os ion can result in the creation of a dus t cloud sufficient to be 
an explos ion hazard . unfortunate ly ,  housekeeping and ma intenance often are 
g iven very low pr ior i ty and usually a re the f irst tas ks pos tponed when there 
is a rush of busines s (e . g . , elevator s operating continuously du ring harves t 
s eason) • Hidden l aye rs on wal ls and floors of enclosed areas such as bins 
and ducts , howeve r ,  have fue led se r ious explos ions in appa rently 
(s uperf icially) clean elevators . Hori zontal surfaces ins ide of equipment 
should be el iminated th rough des ign . 

The points at  which dus t i s  generated and suspended in air  can be 
identified by following the path of grain through an elevator as was done 
above . The panel has found that the dus t concentration in operating e levator 
legs , even with cur rentl y des igned dus t control systems , is  frequentl y above 
the lower e xplos ive l imi t j ust above the boot on the up-s ide of the leg . 
Dus t concentrations ranging from 2 7  to 50 0 g/113 we re measu red in  this  
location i n  fou r e levators . Only s l ightly less hazardous concentrations were 
found to exis t at other points in the leg . Panel investigator s and others 
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have found that nuae roua explos ions have resulted from the ignition of 
s uspended dus t i n  legs . Thus , the panel cons iders e levator legs to be the 
moat dangerous l ocation with respect to initial dust explos ions . The B aM  
conclus ion has been expressed in numerous previous reports (e . g . , Wade et al . 
19 80) . 

At the top of the leg or the i ncl ined conveyor whe re the grain is  
discha rged into a dis tributor or  onto a conveyor belt , acme of the dus t  
e ntra ined i n  the grain s tream will be released when the grain falls through 
the air  and additional dus t will be generated when the grain impacts at the 
bottaD of i ta  fal l e ither onto the upper conveyor belt or into an enclosure 
such as a bin or s ilo . Silos , bins , and garners are particula rly hazardous 
locations s ince they a re e nclosed s tructures and ,  while being f illed , contain 
high concentrations of a irborne dus t  in a la rge volume . Afte r  being emptied , 
a l ayer of dus t will usually cl ing to the walls . 

When  grain is move d ou t  of the elevator , i t  usually is discha rge d from 
a bin onto a movi ng bel t  at the bottom of the bin in a tunnel , another s ite 
for the generation of dus t and the release of smal l pa rticles tha t become 
a irborne . La ye re d  dust is part icularly prevalent in tunnels below bins . The 
grain is conveyed to the boot of the leg and repeats the process of being 
e levated and d is tr i bu ted w ith the a ttendant opportunities for the generation 
of additional dus t and the suspens ion of the finer pa rticles . Othe r processes 
i n  the elevator such as drying , cleaning , and blending all requ i re movement 
of grain through the leg and va rious amounts of conveying to and frail the 
leg ,  again with the genera tion and suspens ion of dus t .  

Thus , there are nume rous places i n  a n  elevator where dus t ca n  be 
generated by mechanical s tress on the grain kernels and whe re f ine dus t can 
beca��e ai rborne and eventually settle as a layer on su rfaces . Although the 
amount of dust that can bec01118 airborne at any one time is only a small 
fraction of a pe rcent of the grain , ove r a pe r iod of tille the total quantity 
accumulating on sur faces can be qu ite large . *  A dus t  control s ys tem is the 
only me thod for preventing mos t of the airborne dus t from settl ing on 
e levator floors , beall8 , duct wor k ,  e tc .  and cling ing to such sur faces as 
walls , bin s ides , and ce il ings . 

DUST EXPLOSIONS* * 

Dynamics 

Di scuss ions of dus t explos ions beg in with the concept of an •explosion 
pentagon • whose s ides represent the needed elements . The five s ides a re 
i gn ition , fue l ( the dus t) , a ir (oxygen) , mixing , and confinement . Al though 
these are necessary requ i rements for a dus t explos ion ,  they are not 
sufficient . Expl os ions w ill not occur u nless the dus t is suspended in an 
enclosure in a ir  at a concentration exceeding the lowe r  explos ive limit . 
These conditions mus t occur s imultaneously and at  one point--an enclosure 
conta ining dus t suspended in a i r  in  the prope r  concentration with an ignition 
a oo rce . 
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There fore , there a re  fou r events that mus t take place be fore a grain 
e levator w il l  expl ode : 

• Gr ain dus t must collect in  the e levator . 

• Grain dus t mus t be suspended i n  air  ins ide the elevator at a 
concentration above the lower explos ive l imit . 

• Suspended grain dus t mus t be igni ted . 

• Su fficient grain dust to sustain rapid combustion mus t be in the 
vicinity of the initiall y-ignited grain dust . 

The explos ibil ity of dust under these conditions has been well documented 
(Bartknecht 1981 , Palme r 197 3 ,  u.s. Bu reau of Mines 1961) . 

These four events a re s hown in the fault tree analys is of Figu re 4 .  In 
this type of analysis , which is widely used to dete rmine and estimate risks , 
a ll subord inate events leading to a maj or undes ired event ( i n  this case , 
•grain dus t explos ion i n  elevator • )  are ar ranged to show the ir 
i nter re lationship and sequence ( Rowe 1 9 77) . These subordinate causative 
events may be independent or dependent . Independent events , e . g . , •grai n 
dust i s  blown down (by an air  gun dur i ng housekeeping ) by airstream, • lead 
into an OR gate , indicating tha t any one of such events can cause the next 
hi gher event . Dependent events 1 e . g . , •grain dus t is produced in elevator , •  
requ i re at leas t one othe r event to occur be fore the next hi ghe r event can 
happen . They a re s hown as leading i nto an AND gate . 

A peculia r ity of explos ions occu r ring i n  dusty s tructu res is the 
phenomenon of secondary or subsequent explosions following a pr imary or 
initial explos ion . The secondary explos ion can be orders of magnitude 
gre ater and more des tructive than the initial explosion. I f  the interior of 
a facil ity is  dus ty ,  an initial explos ion that causes only relatively s l ight 
damage can produce a large , suspended dus t cloud . Ignition of this cloud by 
hot particles of dus t or flame from the initial explos ion (or by any other 
i gn ition s ou rce) then causes the secondary explosion. Secondary explosions 
have been known to occur many seconds afte r an initial explos ion . The re als o 
have been cases where a s er ies of secondary explosions occurred , one a fter 
the othe r . 

* At a large export e levator during 1 1-1/2 months of operation 1 3 , 0 00 
tons of dus t had been removed from 1 . 8 X 108 bushels (equ ivalent to 
4 . 5  x 10 6 tons assuming a bushel we ighs S O  lb) of grain.  

* *  See Appendix B for a more complete discuss ion of dus t explos ions . 
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'lbree conditions for explos ions--ai r ,  dust ,  and confinement--always 
e xist i n  contemporary e levators and mills . The incidents descr ibed below 
illus trate how a sequence of events led to the s imultaneous occur rence of al l 
of the cmditions requ ired to produce an explos ion & 

1 .  Dl r ing cons truction wor k we lding was being done on a condu i t  near 
an e levator leg that was built external to the headhouse . Some hot welding 
s lag fell , unnoticed , into grain car r ied i n  an open s crew auge r to the leg . 
The hot s lag was car r ied into the leg boot where i t  ignited the grain , which 
in  turn , i gnited the dus t  in the leg and caused an explos ion . Because the 
leg was e xte r i or to the e levator s tructure , no secondary explos i ons occurred . • 

2 .  Dl r ing the operation of an elevator the bucke t conveyor in the leg 
became j ammed by an excess of grain in the boot . An employee began j ogging 
the leg , * a procedure i n  which the le g conveyor dr iving motor is repeatedly 
s tarted and s topped in an e ffort to free the conveyor belt . He at gene rated 
by fr iction betwee n the head dr iving pulley and the jammed belt ignited the 
belt , which s ubsequently burned through .  When the burning belt dropped ,  the 
metal cas ing split . Flaming mate r ial  was discha rged into the dus t cloud in 
the basement and there was an explos ion in the basement and legwell s ha ft . 
Hot gases and bu rning particles were blown through a dis tributor sys tem into 
var i ous b ins where they caused secondary expl os ions fueled by dust that was 
shaken loose from the walls by the initial explosion .  

3 .  I n  an e levator l ike that s hown i n  Figure 3 ,  w ith s ilos extending 
out on each s ide of the headhouse , an initial explos ion occu r red i� a 
l oad-out b in (also called a trans fer or workhouse binJ  s ee Figu re 3 ) . 
Explos i ms followed i n  the three legs i n  the headhouse and severely damaged 
the floors and i nte rior partitions . The explosion vented out both s ides of  
the headhouse at the top , across a catwal k ,  and into the galle r ies on each 
s ide . Du st that had settled on the floor of the galleries below the s ides of 
the conveyor be lts propagated a flame , with little pressure r ise , down the 
leng th of both galler ies . The flame travelled the full length of one galle ry 
to an open s ilo at the end where a seconda ry explos ion occur red . In the 
othe r gallery , the flame reached an interstice that was used as a ventilating 
shaft that extended from the galle ry to the tunne l below the s i los . An 
explosion occu r re d  in  this space when dus t that had been shaken loose fran 
the walls by the explos ion i n  the headhouse was ignited . This explos ion the n 
trave lled down the tunne l with unusual violence , des troying the conveyor in 
the tunne l and the loading spouts , and vented out the fa r end of the tunne l . 

* Jogging the leg , although a practice prohibited in most companies , 
probably occurs more often than industry i s  aware of or will ing to admit . 
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The latte r tw o  exaaples also illus trate the diffe rence betwee n ini tial 
and secondary e xplosions . Even though all of the conditions for explos ion 
may exis t at onl y one place at one time in an elevator or mill , an initial 
expl os ion can eas ily create these CCX'lditions at othe r points . The examples 
also ident ify the locations of the ini tial explos ions . 

In s ane  cases , secondary explos ions have been trigge red by ignition of 
a dus t cloud created within the conveying equ ipment by laye red dust being 
d is tu rbed and s et i n  suspens ion i n  air . This hidden hazard of laye red dust 
was illus trated by an explos ion , investigated by the pane l , that occur red in 
an e levator w ith remarkably clean work ing areas . In this case , the explos ion 
was propagated mainl y through hooded conveyors in  the tunnels below the 
s iloa . Al though the wor k a reas had been kept clean by a cCIIIbination of dust 
collect ion and manual housekeeping , quantities of dus t sufficient to 
propagate an explosion had accumulated on interior sur faces of the cove red 
conveyors . The explos ion was violent enough to blow out the walls of the 
tunnel above ground and to initiate subsequent explosions whe reve r the 
explos ion reached areas where laye red dus t had been shaken loose or scou re d  
from i nter i or s ur faces b y  the pressu re wave . 

The secondary explos ion ha zard due to layered dus t cannot be 
overemphas i zed . LEL values from u.s. Department of Agr icultu re 1 980 data 
for grain dus t clouds range from 20 to 5 5  g/m3 • Using an LEL of 4 0  gjm3 and 
an average dens ity of 18 . 5  l b/f t3 for grain dus t ,  a dus t laye r  on the floor of 
1/64 in . or more in depth in an enclosure 10 ft in he ight , can create a dust 
cloud above the LEL when u ni formly d ispersed throughout the enclosu re . It 
also should be noted that an explos ive concentration in a volume a few inche s 
or feet above the floor ( i .e . ,  less than the full volume of the enclosu re ) 
can eas ily be created from a 1/6 4 i n .  layer by a sl ight breeze or other 
d is turbance . Ignition of a small cloud such as this could disperse the 
remaining dus t and resul t  in an explos ion throughout the volume . 

Ign ition 

The ini tial explosion can be ignited by a multi tude of sou rces . A 
recently publ ished compi lation of actual explos ions l ists 2 6  d i ffe rent 
i gn ition sou rces for 14 7 explosions and l is ts an additional 10 3 explosions 
as having unidenti fied sou rces (see Table B-2 , Appendix B) . Other 
publ ications s how a s imilar mul titude of sources and a large percentage of 
unidenti fied sources ( for example , Ba rtknecht 19 81 , Palme r 197 3) . Although 
the panel bel ieves that adequate i nvestigation of the explos ions attr ibuted 
to unidenti fied ignit ion sources would have identi fied moa t of the sou rces 
( Na tional Ma te r i als Advisory Board 1 9 80 ) , a val id rank ing of the danger due 
to pa rticula r ignition s ou rces based on present data of frequency of 
occur rence cannot be made because of the large numbe r of unknown sou rces and 
because of the relatively la rge numbe r of unreported explos ions . Cons ide ring 
how e asy i t  is  to ignite grain dus t ,  e ithe r through care less action or 
ci rcums tances beyond reasonable human control , the potential for ignition 
e xi s ts in numerous locations and at many times in an e levator or mill . 
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The use of motors , junction and switch boxes , lighting , and other 
e lectri cal equ ipment not des igned for dus ty locations can be extremely 
haza rdous . Lack of (or imprope r )  grounding of electr ical equipment can 
re su lt i n  e lectr i cal spa rks sufficient to ignite grain dust ,  e ithe r layered 
or in a cloud . The lack of a mechanism to prevent the introduction of 
fore ign objects into the grain s tream can result i n  spark ing , rubbing , or 
jammi ng , and the lack of means to indicate belt sl ippage and misalignment 
can result in fr i ction f ires or e lectr ical a rc ing . Poor maintenance of 
equ ipment such as motors , bea rings , and conveying systems eas ily can resul t 
i n  hot s urfaces capable of igniting dus t . Bot wor k such as welding or torch 
cutting and electrical wor k done du ring facil ity operation is pa rticularly 
dangerous . Nonadherence to smoking regu lations i s  an obvious dange r .  

The e f fect o f  re lative and absolute humidity and e lectrostatic 
phenomena on the i gn ition of dust clouds i s  a very controvers ial subject . 
Al though the data relative to electrostat ics are inconclus ive , some bel ieve 
that l ow  relative humidity can contr i bu te to the dus t explos ion hazard 
because the potentia l for electrostatic spark ing increases as relative 
humidity drops and low relative humidity reduces the moisture content of 
grain dust , the reby lowe r ing the i gnition tempe rature and ene rgy (Palme r 
19 73) . As a consequence , employees of the Federal Gr ain Inspection Se rvice 
( FGIS ) now are advised to leave an e levator whenever the relat ive humidi ty 
falls below a certain percent and a ir-suspended dust is above a certain 
dens ity ( Federal Grain Inspection Service 1980 ) . The panel believes , 
howeve r ,  that the present bas is for evacuation of an elevator needs 
re-examination . For example , a ve ry ser ious explos ion occu r red a t  the 
Fa rmers Export Company e levator in  Ga lveston, Texas , at 8 : 30 p .m.  on 
Decembe r 2 7 , 197 7 ,  whe n a relat ive humidity of 100 pe rcent was recorded . 
The maj or d if ficulty w ith accepting data on past explosions is the fact that 
many of the values of humidity were obtained from readings take n anywhe re 
from 5 to 10 0 m iles d istant from the e levator . Al so,  even assuming that 
local outdoor tempe rature and humidity readings could be obta ined , the 
temperature i n  an e levator dur ing w inter may be high enough above the 
outdoor temperatu re to create a condition of ve ry low relative humidity eve n 
though the outdoor relative humidity is high (e . g . , a i r  a t  4 00p and 10 0 
pe rcent relative humidity ,  when heated to 700p , has a relat ive humidity of 
only 3 3  percent) . 

Du r i ng per i ods of low relative humidity there is  a tendency for s tatic 
charges to bu ild up on nonconductive mate r ials and this increases the 
poss ibility of e lectrostatic discharges . Admittedly , the potential for 
spa rking exists in sys tems employing moving , poorly conducting belts , and 
e lectrostatic d ischarges a re observed frequently in elevator legs . Howeve r ,  
the panel questions whe the r  the ene rgy i n  electrostatic sparks generated in 
elevator s or mills is re leased in  a manner that i gnites grain dus t .  

The er ror o f  bas ing safety on high relative humidity i s  wel l  expressed 
by the Na tional Fi re Pr otection As sociation (1978) : 

• • • •  moisture cannot be cons ide red an effective explosive 
preventive s ince i gn ition s ou rces provide more than enough heat 
to vapor ize and heat the moistu re and ignite the dus t .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r e v e n t i o n  o f  G r a i n  E l e v a t o r  a n d  M i l l  E x p l o s i o n s
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There i s  a cons ide rable body o f  documented laboratory evidence tha t 
e lectros tatic discharge can ignite dust clouds J  however ,  i n  i ts 
investigations of explos ions , the pane l found no evidence of ignition due to 
an e lectrostatic d ischarge in an actual e levator . The panel there fore 
recommends continued research to elucidate bette r the role of electros tati c 
d ischarge and absolute humidity in grain dus t explos ions . 

CONTRIBUTING FACTORS 

In cons idering accidents , including grain dust explos ions , there is  a 
tendency to focus on iliiiDediate phys ical aspect even though accidents may be 
re cogn ized as resu lting from a combination of causative factors . Thus , the 
contribution of human operatives and exte rnal factors , singularly or 
cot lective ly ,  often is overlooked . 

The panel bel ieves that the grain dus t explosion problem i n  part 
results from people ' s  attitudes and othe r seemingl y unrelated factors . The 
a ttitudes of owners , ope rators , and employees that may contr ibute to the 
explos ion ha za rd are discusse d  below . It must be noted , howeve r ,  that the 
panel does not mean to imply that these attitudes a re unive rsal or that 
othe r equally dange rous attitudes do not exis t J  i t  only wishes to emphas ize 
that the potential contr ibution of human a ttitudes mus t be recognized . 

Attitudes 

Owner s . It may not always be i n  the bes t economic interest of a mill 
or elevator owner to protect his facil ity against explos ion if it would 
requ ire a capital outlay that is large with respect to the or iginal cost of 
the facil ity .  For example , an old facil ity may be insu red for its 
re placement cost , which i s  seve ral t imes i ts or iginal costJ  i f  it  were to 
explode or bur n  (wi thou t injur ing or kill ing anyone ) , it would be an 
a dvantageous method of replacement . 

Some owner s  of facilities with long explosion-free histor ies bel ieve 
they have no need for concern . The y may view gove rnment concer n  about 
e xplosions as an unwarranted intrusion into the i r  bus iness . 

Operators -Managers . The attitudes that elevator and mill operator s  
may have about dus t expl os ions a re not unique and are held b y  some involved 
in othe r haza rdous operations . Mos t prevalent is a slowly developed 
compl acency. Even though a manager may i ntellectually acknowledge the 
danger of a dus t explos ion , heavy wor k schedules , eme rgencies due to 
equipment breakdown , wor ker absences , and other managerial pressu res can 
mitigate his continuous sens itivity to the ha za rd .  

Even when operators hea r o f  an e levator explosion e lsewhe re ,  they may 
bel ieve tha t the accident was due to some extraneous or stupid action they 
would never commit . This i s  a difficult a ttitude to change without a method 
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for prope rly investigating and reporting on elevator explosions , and the 
pa ne l  bel ieves that operators i nformed of the results of thorough 
investigations would readily ident i fy haza rds in the i r  operations that we re 
s imilar to those contr ibuting to explos ions in other facili ties , e . g . , 
propane leaks du r ing dr ie r  ins tallation . 

Operators also tend to assume that their  employees are awa re of 
hazards even though they themselves may have only a s l ight understanding of 
the mechanisms of grain e levator expl os i ons .  Many employees interviewed 
following the explos ions investigated by the pane l showed amazing i gnorance 
about how dus t e xplos ions occur .  Insu ff icient training of new or temporary 
employees in  safety procedu res and f i re and explos ion hazards can lead to a 
false sense of secu r i ty .  Lack of s tandards and procedures for fighting 
fires in elevators als o has led to explos ions . *  

Many mill and e levator operators use outs ide contractors for a var iety 
of functions such as welding and equ ipment installation . If the operator , 
as  the per son respons ible for facility safety, does not acqua int the 
contractors  and the i r  employees with the fire and explos ion haza rds , he i s  
e ndanger ing the facil ity and i ta  employees a s  well a s  the contract worke rs . 
Ample evidence for this is  given by the high pe rcentage of explos ions 
s temming from welding ope rations (see Appendix B ) . 

Personnel . It i s  conce ivable that an explos ion can occu r in a grain 
e levator w ithout an overt act by sane personr howeve r ,  in  almost every case , 
someone , generally an employee , does something that contributes di rectly to 
the occur rence of the explosion. It is  highly unl i kely that these actions 
are del iberate attempts to cause an explosion r  qu ite the contra ry , the 
personnel probably were unaware that they were in any way respons ible for a 
disaste r .  

Government Interaction 

The establishment and enforcement of envi ronmental air  pollution 
control regulations i n  response to the Clean Ai r kt of 197 0 may have had an 
e ffect on the dus t explos ion hazard . The management of grain-handl ing 
facilities responded to these regulations in a va r iety of ways , some of 
which may have i ncreased the probabi l ity of explos ions . Pr ior to the 
establ ishment of these regulations a cme  of the airborne dus t escaped to the 
outs ide ambient a ir through windows , doors , cyclone collectors , and othe r 
openings . Following the es tabl ishment of these regulations dus t  could not 
be allowed to escape from the s tructu re and i t  became necessary to install 

* One of the explos ions the panel i nvestigated resulted when f iremen created 
a dus t cloud while attempting to extinqu ish a fire in a smoldering dust 
p ile . In another investigation,  the f ire chief of a large metropol itan 
area admitted that his fire service did not know how to fight fires in  
e levators . 
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dus t collect ion systems t o  keep th e  a i r  i n  the wor k space tolerabl y  clea n .  
Some managers  viewed dus t collection s ystems pr imar i ly a s  a means for 
meeting ambient air  qual ity s tanda rds and only secondar ily as a means for 
re &lcinc) the explosion hazard . It s hould be noted that Envi ronmental 
Protection Agency regulations apply only to new elevators ( 197 8 )  with a 
capacity of 2 . 5  m il l ion bushels or more but that these regulations have been 
appl ied by s ome states to existing facilities without rega rd to the federal 
l imi ts  on s ize or age . In olde r  elevators , especially country e levators , 
l ittle or no attention was given to dus t control in  the or iginal des ign. 
Consequently,  any dus t collection s ys tem added was installed unde r retrofit 
conditions and moa t were ins talled by local shee t metal companies without 
re fere nce to the eng ineering principles of dus t control . 

The whole subject of dus t control versus government regulation has 
osc illated back and forth in the past 60  to 80  years . Or iginally s ome  s tate 
bu reaus of we ights and measu res prohibited any collection of dus t  on the 
assumption that the rece iver  would be short-weighing the rece ived grain . 
This res tr iction eventually was l i fted bu t  was partially re-instituted by 
one s tate ( Iowa) i n  1 9 79 and i s  being cons ide red in anothe r (Nebraska) . The 
pu rported reason for re introducing the res tr iction is  tha t dus t collection 
leads to or enhances dus t e xplos ions . 

Economics 

It is not unexpected that economic factors influence the incidence of 
dus t  exploa i ms . unde r ideal dus t control condi tions , al l dust , whe rever 
generated , would be collected and onl y dus t-free grain would be delivered 
from an elevator to the next rece ive r  rega rdless of the amount of dus t  in 
the grain when or iginally rece ived . In practical s ituations , however , i t  is 
very unl ikely tha t this coul d  happe n .  Fi rat , the coats , both capi tal and 
operating , of cleaning the grain a re not negligible . Second , the collected 
mate r ial has a sale value of only a fraction of that of grai n .  Even the 
removal of only the airborne dus t i nvolves high capital and operating coats 
and represents a loss i n  salable product . Retu rning the dus t  to the grain 
when it leaves the e levator permits the ful l grain value for the dus t to be 
rece ived and is  one me thod used to reduce these coats . This , of cou rse , 
i ncre ases the amount of dus t to the rece ive r  and thereby increases his 
hazard especially for the case of expor t elevators where the grain may have 
passed through as many as 3 or 4 e levators . 

Even customers of grain elevators--those whose grain is processed , 
s tore d ,  or transfer re d from one transportation mode to anothe r by means of 
an elevator--indi rectl y  influence the probabi l ity of dus t  explos ions through 
e conomic pre ssu re . Us ers , including mills , are the sou rce of many economic 
pressu res on elevator management that in turn cause housekeeping to be 
i gnore d ,  machinery to be ope rated beyond i ta  performance l imits , welding to 
be date while operatims are unde r way , and employees to be overwor ked . 
Additionally, cus tomers always seek the lowest pr ice for e levator services 
and the reby influence elevator owners and operators to cut corners and not 
implement all the actions that could prevent explosions .  However , cus tomers 
should also real ize tha t they too bea r the coat of explos ions . 
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Insurance 

Se gments of the insurance i ndus try have obs tructed solution of the 
explos ion problem by promulgating recommendations and requ i rements that have 
l ittle or no real relationship to the dus t explos ion hazard . For example , 
although devices such as motion switches on elevator leg be lts and 
thermocouples on bearings a re use ful in certain appl ications as control 
measu res for ignition sou rces , they are not the substitute for adequate 
housekeeping that s ame insurance organi zations have impl ied . 

Miscellaneous 

One factor ove r which there i s  no control is  the e ffect of weathe r on 
a season ' s  grain crop . Ce rtai n  growing and harvesting conditions and 
certain grain types produce grain that is  more susceptible to breakage i n  
handl i ng ,  and this results i n  a hi ghe r than normal amount o f  dust . For 
e xample , the harvesting of wet corn and subsequent forced drying a t  the 
elevator i n  place of natu ral drying results i n  increased ker ne l  breakage . 

Fi nally, speci fic i nformation on the causes of actual explos i ons and 
actions tha t can be taken to reduce the haza rds has not been made avai lable 
to mos t grain facility managers . Th is in  i tself is a contr ibution to the 
explos ion problem . For example , f ive symposia devoted almos t ent i rely to 
d iscussion of e levator explosion problems were held between October 1 9 77 and 
Octobe r 197 9 ,  but the proceedings of these meetings (Grai n Elevator and 
Process ing Society 1 9 77 , Na tional Academy of Sciences 1978 , National Grain 
Peed Association 197 9 ,  Texas Agricultura l  Extens ion Service e t  al . 197 8 ,  
u. s. Department o f  Agricultu re e t  al . 19 79b)  have not been trans lated into 
user te rminology and widely dis tr ibuted . 
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Olapte r 4 

PREVENTIVE MEASURES 

To forestall a dus t explosion i t  is necessary to prevent the sequence 
of events that can lead to the s imul taneous occurrence of the conditions for 
a n  expl os ion i denti fied in Chapter 3 (see Fi9U re 4 ) . Sane of these 
conditions a re always present and same occu r from time to time and the i r  
frequency of occu rrence can be reducedJ howeve r ,  none can be totally 
el iminated . The reason tha t there are not more explos ions is  that the 
s tmu ltaneous occu rre nce of these condi tions i s  relatively rare in any s ingle 
e levator or mill . (The 1980 data indicating tha t explosions occur red in 4 5  
of 1 5 , 0 00 facil ities can b e  interpre ted t o  mean that the chances of 
s imultaneous occu rrence of the condi tions is  one in 33 3 pe r  yea r . ) 

Since none of these conditions can be totally el iminated there is  no 
single , s imple proces s for preventing explos ions . On the othe r hand , 
appl ying what i s  known about the hazard can reduce the r isk  to a more 
tolerable level . 

As s tated many times i n  this report , dust will be present whe reve r  
grain is handled . The amount of dus t  can be reduced but neve r totally 
e liminated . Operating in an inert a tmosphe re has been proposed but the coat 
would be so great as to make i t  completely beyond reason . Totally 
e liminating suspended dust in enclosures may be extremely d i f ficult i f  not 
imposs ible , especially in  enclosu res such as elevator legs , bu t the amount 
can be re duced . The poss ibil ity of dus t suspens ion in concentrations above 
the lowe r  explos ive l imit in  open a reas of an elevator cannot be i gnored but 
can be  re duced w ith re lative ease . La ye red dust in open wor k a reas and 
hidden spaces can be reduced to a less haza rdous amount th rough proper 
housekeeping . Ign ition s ou rces cannot be el iminated totally but the 
probabil ity of the i r  caus ing an explos ion can be reduced. 

DUST CONTRCL* 

Si nce grain dus t is  the fue l for an explosion , decreas ing the amount 
of dus t present at al l points in a grai n-handl ing s tructure is  the most 
hportant •mechanical• s tep to be taken and will produce the greatest 
results . The ins tal lation of poorly des igned dus t control systems has 
fostered a false sense of secu r i ty and frequently has led to an 
inappropr iate reduction in  manual house keeping .  The disappointing 
per formance of many improperly des igned s ys tems has generated s kepticism 
concerning pneumatic dus t collection in the grai n-handl ing industry. 

*The term •dus t collection• re fers only to the mechanical collection system 
whe reas •dus t control • includes collection , housekeeping , and any other 
act i ons or equ ipment used to remove or prevent the generation of dust . 
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Du st collection s hould begin a t  the point grain i s  rece ived and s hould 
continue at every grain trans fe r point in the elevator . I t  is  pa rticularly 
important that suspended dus t concentrations in  enclosures be kept below the 
lowe r  explos ive l imi t and that laye red dust , the main fuel for seconda ry 
e xpl oa ions , not be a llowed to accumulate at any location . 

As stated i n  Chapte r 3 ,  the panel cons iders the leg to be the mos t 
dangerous l ocation in an elevator for an ini tial e xpl oa ion for a numbe r of 
reasons . Fi rst , buckets moving th rough grain in  the boot gene rate and 
s uspend more dus t than any othe r process i n  the e levator . Second , moat dust 
collection sys tems are des igned solely to keep the inte r ior of encloaures 
u nder negative pressu re so as to prevent the escape of dust into the 
exte rior work ing space J they presently do not reduce the due t concentrations 
in the leg below the lowe r  expl oa ive l imi t .  There fore , in  many cases the 
presence of an operating dus t collection sys tem produces a false sense of 
s ecuri ty .  Th e  presence i n  the leg of movi ng equ ipment that may act as a n  
ignition sou rce make s the leg a doubly haza rdous location . And , o f  course , 
the leg cas ing serves as a confining e nclosure . 

A mechanica l  dus t collection sys tem mus t be supported by manua l 
housekeeping to prevent the accumulation of dust in laye rs in open a reas of 
the facility .  Seconda ry explosions almos t always have resulted from the 
i gn ition of the cloud cre ated from l ayered dus t . In addition ,  layered dust 
can lead directly and indi rectly to primary explos ions (e . g . , in one 
e xpl oa ion i nvestigated by the panel a f ire in  a heavy layer of due t  around 
the top of the leg enclosure was sufficiently hot to ignite the leg bel t ,  
which dropped and resulted i n  an expl oaion that destroyed the leg and 
damaged the elevator) . 

Du st control s hould be an integral part of the des ign of new 
facilities . These des i gns should i ncorporate dus t control systems and 
s hould minimize the work  requ ired for manual housekeeping . In addition , the 
des ign should minimize grain movement that creates or releasee dus t .  

I �ITION SOUICES 

Re dtcing the numbe r of ignit ion s ou rces to a min imum i s  the second 
moa t important method of prevention . Like dust ,  sou rces of ignition always 
w ill  e xist i n  or be brought into an e levator . 

The use of electrical equ ipment complying with Nationa l  Elec tr ical  
Code s tandards s hou ld be mandatory . Well des igned e lectr ical grounding 
should be used not only to prevent sparking due to isolation of electrica l 
equipment but a lso to prevent the accumulation of s tatic cha rges . It is  
probably he lpful  if  conveyor belts and head pulley lagging are  conduct ive 
though present k nowledge of the contr i bu tion of these s ou rces to exploaions 
is ve ry l imited . 

Copyright © National Academy of Sciences. All rights reserved.

Prevention of Grain Elevator and Mill Explosions
http://www.nap.edu/catalog.php?record_id=10953

http://www.nap.edu/catalog.php?record_id=10953


3 3  

Systems to check heat , aotion , and alignMnt should be used on le g 
bel ts , bearings ,  and other enclosed gra in-handl ing equ ipment . Where 
practical , the sys tems should be i ncorporated into an interlock system 
th atwill hal t  the grain-handl ing machinery be fore these types of malfunctions 
cause ignition of suspended grain dus t and an explos ion. 

Mechanis• to prevent the i ntroduction of fore ign objects i nto leg boots 
and mills should be placed so as to s creen all ente r ing grain . The 
i ntroduction of miscellaneous i gnition s ou rces such as cigare ttes and other 
burning mate r ial  and control of welding and cutting operations should , of 
cou rse , be prevented by rigidly enforced wor k  rules . 

VENTING AND SUPPRESSION 

Expl os ion venting i s  a mixed bless ing . The venting of a dus t explosion 
results in an initial high-pressure discha rge of hot gases and burning 
pa rt icles followed by a l ow-pressure d ischarge of burning particles lasting 
many t i•s longe r than the initia l  discha rge . It  is obvious tha t an explos ion 
i n  a leg vented w ithin a headhouse can lead to a secondary explosion in a 
dirty headhouse as eas ily as an explos ion in a nonvented leg , and the dange r 
to empl oyees in  the headhouse i s  lessened only s l ightly.  Some legs have a 
blow-ou t panel a t  the top to vent an explosion upwards , ou t  of the headhouse 1  
however , the panel has s een cases whe re the blow-out panel remained 
undis turbed a fter an explos ion but the leg cas ing had blown open withi n the 
headhouse . The venting of other enclosed volu•s i n  an elevator is subject 
to these same conditions . The prope r venting of enclosu res with geome tries 
as  canplex as those found i n  e levators requ ires an understanding of explosion 
dynamics beyond tha t obta ined from the s tudy of s imple s tructu res such as 
cyl inder s  and sphere s .  Indiscr iminate venting s hould be avoided in order not 
to increase (ins tead of lessening )  the hazard . venting , of course , will not 
prevent a primary e xpl os ion but , properly appl ied , may reduce the poss ibility 
of a seconda ry explos ion . venting involving the use of nuae rous windows , 
cocrugated metal s iding , and other eas ily blown-out panels is  pre fe r red to 
the cons truction of sol i d  concrete s tructu res from which an explosion can 
d is tribute l arge p ieces of sol id masonary rubble over a w ide a rea . 

venting , even via re trofit , is  pa rticula rly des i rable for totally 
e n:losed s ections of the leg that a re constructed of re inforced concrete and 
cannot be cleaned readily . 'l'bese spaces become balbs when ignition sou rces , 
including falling and burning bel ts , enter the wel ls , and the venting of the 
exte r ior walls of these wells wil l prevent des tructive rupture of the 
en:losure . In a ddition, e fforts to keep these spaces clean of dangerous 
quantities of laye red dus t should be made . 

Ac tive expl os ion suppress ion devices ( the event tr iggers the release of 
a mass ive quantity of a suppressant such as Balon 13 0 1 )  also are a mixed 
bless ing . Such devices represent a large capital investment 1 there fore , 
the i r  protective action should be evaluated against the consequences of 
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potential exploa ion (i . e . , the aaount a t  ris k )  and the probabil ity of the i r  
s uccess i n  preventing that expl oa ion .  They a re subject t o  • false releases , •  
the re fore , the probabil ity of this action times the coa t of recha rging and 
l ca t  operating t ime  must be added to the i nitial capital coats . A comparison 
of these coats versus use of these funcJs in othe r ,  poes ibly more beneficial 
activi ties s hould be made . Exploaion suppress ion devices a re more valuable 
when used in eleva tor legs and dus t collection syste• than in othe r a reas of 
the e levator faci l i ty .  

PERSONNEL 

To this point , only mechanical prevention has been discussed , but in  
the grea t majority of exploa ions investigated by the panel , the chai n  of 
events leading to the s imultaneous occurrence of the conditions needed for an 
exploa ion was ini tiated by an action or a lack of action by one or more 
persons . ( Al l  expl oa ions othe r than thoae caused by •an act of GocJ• 
ultimatel y can be traced to a human cause . )  As stated above , the reduction 
of dust i n  the gra in-handling s tructure i s  the moat important •mechanical• 
method of prevention , and the prope r actions of persons associated i n  any 
manner w ith grain e levators or mills i s  equally important . These actions can 
range from something as immediate as the timely lubrication of a bearing to 
s aae thing as far removed as the teaching of the cor rect method for fighting 
dus t  fires . 

The natu re of the hazard of dust expl oa ions intr ins ic to grain 
elevators and mills should be made known to all who wor k wi thin them or a re 
i n  a ny way respons ible for the ir operation. The proper and cauplete 
education of management i n  the grain industry on the hazard of dus t  
e xpl oa ions s hou ld be the first s tep o f  a n  expl oa ion prevention program.  
Al though by no means prevalent i n  the indus try , there are still  sane who 
e ither do not bel ieve gra in dus t explodes or that an inordina te amount of 
dust is requ i red for an exploa ion .  This was evidenced in a few of the 
conversations pane l  members had with grain i ndustry employees and management 
at sympoeia on grain dus t exploaions . Anothe r fatal istic attitude detected 
by the panel was that work in an elevator or mill is a dangerous occupation 
and tha t nothing can be done abou t the dange r .  

Dapl oyee e cilcation progra• on the hazards o f  dus t  expl oa ions s hould be 
part of standard operating procedu res in  all faci l ities . It  is not 
s ufficient to have mere ly a short discuss ion and s l ide presentation on 
previous exploa ions . A demons tration of the exploa ion potential of dus t  
s hould be made , pre ferably with dust gathered from within the facility 
elevator in  the presence of the employees . (The demons tration should be 
care fully planned and performed by a person knowledgeable about the exploaion 
hazard. ) 

One employee on each s hi ft , ass isted by a safety committee in larger 
ins tallations , should be given the respons ibil ity and authori ty for safety i n  
the facility. Be s hould report directly and only to the senior manager of 
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the e levator or mil l .  Hi s duties s hould include the deve lopment and use o f  a 
safety che ckl is t  (an example of such a list  appears in u . s . Department of 
Agriculture 1 9 80 ) . The safety officer s hould be cogn izant of the ·proper 
method of fighting dus t f i res and should assu re ht.ael f that the local fire 
s ervice i s  proficient in this matte r .  

El evator and mill managers s hould treat housekeeping and maintenance as 
major functions of elevator operation . There is , howeve r ,  a great tendency 
to pos tpone these functions duri ng those periods when the e levator is 
operating a t  maxima capacity .  Howeve r ,  this is the pe r iod of greates t r is k ,  
a nd  a prear ranged schedule of peri odic preventive maintenance and housekeeping 
should be adhe red to rega rdless of the press of bus iness . 

INDUSTRY INFORMATION 

In the grain-handl ing industry , large corporations tend to be more 
knowledgeable abou t the technical deta ils of grain dus t explos ions than smal l 
companies or the operators of individual country e levators . With respect to 
elevators , the amount a t  r is k , including elevator pe rsonnel , is  much greater 
i n  l arger e levators , but this is  offset by the much larger numbe r of smal ler 
elevators , approximatel y 14 , 000  versus 1 , 00 0 .  Al though e fforts to prevent 
explosions in large e levators s hould not be neglected , a reduction of the 
ha zard in  smal l  elevators would yield a greater resul t ( i . e . , the cumulative 
number of injuries and fatalities i n  small e levators is greate r  than that in 
large elevators ) .  Unfortunately , protection of small elevators is the most 
d ifficult to accompl ish because less capital i s  avai lable . 

Employee awa reness of actual grain dus t explosions is important , and 
this  can be accompl ished by circul ating i nformation on actual explos ions and 
the i r  investigation to all elevators and mills , down to the •grass roots • 
l eve l ,  th rough media such as the Department of Agriculture , s tate agr iculture 
schools , The Coope rat ive Extens ion Service , and trade publ ica tions . The 
details of each expl os ion plus a report on i ts causes should be supplemented 
by recommendations concerning prevention . unfortunately,  howeve r ,  obta ining 
a nd  d is tr i bu ting such inforaation i s  difficul t  because of legal cons traints . 

Cooperation among indus try , government , educational institutions , and 
trade and profess ional organi zations in gene rating and disseminating such 
information is needed to dispel same of the explos ion myths revealed to the 
panel dur i ng  i ts  vis its to various facilities . 

In its investigations of explos ions , the panel encounte red some 
re sistance from e levator managers i n  i ts  attempts to determine the cause of 
explos ions . Even in those caaes where reluctance to discuss the 
c ircums tances sur rounding the expl os i on  was not exper ienced , further 
investigation often was hinde red by legal actions instituted by 
representatives of injured employees . In a few instances elevator manage rs 
and others , who could have provided de tailed information , associated the 
panel ' s  intentions w ith those of gove rnment investigators who we re seek ing 
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information on which to  base personal or  corporate bl... . Requests to  the 
panel for depos itions or actual courtroaa testiaony placed the investigators 
in a compromis ing position with respect to the i r  aain concern , which was to 
determ ine the sequence of events leading to an expl osion. The ultimate 
pu rpose was to determine the cause of the explos ion as background information 
for this report and to inform others of means for preventing s imilar 
explos ions i n  the futu re .  

Seminars , s ympos ia ,  and othe r open meetings on gra in e levator safety 
sponsored by government , indus try , educational institutions , and trade and 
professional organi zations have been held in the recent pas t  with increas ing 
frequency , and some have been devoted solely to explos ion prevention while 
others have devoted only a few sessions to the subject . One annual meeting 
sponsored by a consortium of organi zations and devoted solely to grain dust 
e xpl os ions probably would be more e ffective and e fficient than a numbe r of 
smalle r meetings or la rge r meetings with only a sess ion or two devoted to the 
problem . It i s  hoped that the need for meetings dedicated s olely to grain 
dus t explos ions wil l not continue inde fini tely .  

RESEMCB AND DEVELOPMENl' 

Re search concerning dus t collection in e levators and mills is  needed . 
A va riety of comme rcial equ ipment is available bu t  its effectiveness and 
corre ct u se i s  not wel l u nderstood .  (The panel has prepared a report on this 
subject , NMAB Repor t 367-3 . ) This resea rch can bor row heavily from the 
i nformation and experience gained in other industr ies handl ing expl os ive 
dusts (e . g . , coal and flou r) . 

Al so needed i s  an industry-w ide s tudy of the grain-handl ing system from 
farm to ultimate consume r with eaphas is on reducing dus t gene ration . The 
handl ing methods now used evolved over a long period dur i ng which l ittle i f  
any a ttent ion was given to the dus t explos ion hazard . This resea rch should 
be a imed a t  identi fying general modi fications that can be made in the present 
sys tem to increase safe ty . Included in this study should be the des ign of 
m ills and new e levators in a complete range of s i zes from roughly 100 , 0 00 to 
10 , 000 , 000  bushels . 

As mentioned before , questions concerning electrostatic phen011ena and 
relat ive humidity are part of dus t explos ion lore . There is  a need for 
re search on these topics that will re late theory to practice . Cons iderable 
informa tion is available on the effect of relative humidity on the bu i l d-up 
of e lectrostatic charges and the i gnition of dust by electrostatic d ischarges 
( Palmer 197 3 ) , but this information is ra rely  appl ied to dete rmine the degree 
of hazard in an actual elevator or mill environment . For example , the 
manu factu rers of conveyor belts claim that conductive belts reduce the 
poss ibility of s tatic charge generation and s torage on belts conveying 
nonconductive mate r ials such as coal and grain . Resea rch is needed to relate 
the e lectrical characteristics of conveyor belts to the i r  contribution to the 
explos ion ha za rd in real s ituations . The relationship between the conductivity 
of a belt and ita abi l i ty to cause ignition is not well understood . 
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The genera tion of electrostatic charges duri ng  the pneumatic conveying 
of grain dus t unde r conditions of low absolute huaidity also baa rece ived 
l ittle i f  any a ttention. Typical e levators and mills s hould be s tudied to 
determine i f  there are points where haza rdous electrostatic conditions can 
occur due e ither to bas ic des ign or malfunction . If such points a re found , 
the el imination of the haza rd will not be difficul t J  the problem at  the 
moment i s  recogn ition. 

Re search to discover new and more valuable uses for grain dust would 
encou rage the installation of dus t collection ayateas . The pelleti zing of 
dust for u se as animal feed is one s tep in this direction. At present , 
pelletizing operations use only a aaal l pe rcentage of the avai lable grain 
dust , but the canpetition for dust aaong a few plants relatively close to one 
anothe r has raise d  the pr ice a t  ti•s to almos t one-hal f that of grain . An 
important factor i n  the development of a large pel letizing i ndustry i s  the 
transportation costa after collecting the la rge amount of cJua t dispersed ove r 
a w ide geographic a re a .  A canplete aaaesa•nt s tudy of the coa t-e ffectiveness 
of conve rting grain dus t to pellets for animal feed , including the sa fety 
bene fits resul ting from increased dust col lection, is  needed and would be a 
su i table project for the u . s . Depa rtment of Agriculture or an indus try trade 
organization . The search for addi tional uses for grain dust also s hould be 
increased . 
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Chapte r 5 

CONSTRAINTS 

The bple•ntation of safety measures to prevent dus t explos ions 
requ i res cons ideration of a numbe r of contrainte , acme tha t can be ove rcome 
and others that can be ove rcome only w ith some difficulty or not at all . 

COST OF DUST CONTROL 

The economics of due t  control can be divided into two categories , that 
applying to new des ign and that applying to existing facilities . The cost 
of a dust control s ys tem generally will be much lese i f  it  is incorporated 
into the des ign for a new elevator than if it has to be added to an existing 
faci lity, howeve r ,  the cost for existing facilities will vary greatly (e . g . , 
some equ ipped wi th dus t control systems may requ ire only a few modi fications 
i n equ ipment and practices whe reas others , in which l ittle a ttention was 
given du ring des ign to the hazard of dus t explos ions , •Y requ i re a 
cons iderable amount of new equ ipment and adcUtional l abor ) . The cost of a 
duet control sys tem als o  will depend partiall y on the s i ze of the facil i ty ,  
whether new or existing . For example , operators and des igners of small 
facilities •Y find that greate r  cost bene fits are de rived from a di fferent 
balance between manual housekeeping e fforts and the installation and uae of 
•chanica l  due t collection syste• or othe r due t control systems . 

In a ll cases , measures to reduce the explosion hazard will gene rate 
capital and operating costs that cannot be ignored bu t  may lead to a decrease 
in i nsurance ccats .  New equipment , when requ ired,  and the labor i nvolved in 
ita installation can represent a cons iderable expenditure . Even when only 
mocU fication of an existing s ystem is  requ ired , labor cos ts cannot be ignored . 
The cost of down-tiae while modi fications are being made or new equipment is 
being ins talled a lso may be a factor , although this work usually can be done 
in of f ... hift time . The cce t of operating and • inta ining dus t con trol 
equipment w ill be a continuing bus iness expense , and additional labor for 
manual housekeeping may be requ i red . The lose that results from the low 
market value of  duet also must be cons idered.  Al though collected dus t 
represents onl y a smal l percentage of the rece ived grai n (0 . 1  pe rcent of the 
total volume of grain handled ( U. S .  Department of Agriculture 1980) ) discarding 
it or selling it  a t  a sacr i fice represents a much la rger pe rcentage loss in 
the e levator ' s  income . 

Ba lanced aga ins t  these cca te a re the bene fits to be der ived . I f  a 
facil ity has no due t collection sys tem , i t  mus t  do some manual housekeeping . 
This l abor ccat will be cons iderably reduced i f  a dust 
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collection sys tem is  installed . The re-introduction o f  collected due t  into 
the gra in s tre am and i ts  subsequent sale as gra in adds an additional bu rden 
and haza rd downs tream i f  the grain is  del ive red to a second elevator . Howeve r , 
i f the duet i s  use d,  for example , to make pelletized animal feed , part of the 
collection cost is offset . Portable pelletiz ing equ ipment may pe nai t even the 
s •lleet country elevator to recover s aae of the costs of dus t  collection. 

Al though no spec i fi c  mention has been made in this report of occupational 
s afety, it was , of cou rse , a maj or s timulus for the panel ' s  s tudy .  Thus , the 
pane l  notes tha t hospi tal i zation cos ts , insu rance cos ts , and costs of da•ge 
s u i te resulting from deaths and injuries occurring in expl os ions mus t be 
cons ide red in  any assessment of the coste and bene fits of measu res requ ired to 
re cilce the expl os ion haza rd . 

I NSURA!CE 

The panel ' s  s tudy has i ndicated that insurance is a mixed blessing to 
the grain-handl ing indus try . Insu ring against accidental loss and injury is a 
l egitimate bus iness practice 1  howeve r ,  the re is  l i ttle incentive for improving 
sa fety whe n the losse s  due to explosions in high-r is k  facil i ties are absorbed 
by the i nsurance premiums of wel l  run, l ow-r isk facilities . The pane l  has 
found tha t the insurance indus try , in general , has scant knowledge of the type 
or degree of expl os ive hazard found i n  elevators and mills as evidenced by the 
fact that di rty (dusty) facil it ies seem to have l ittle di fficu l ty obtaining 
i nsurance , a lthough in  s ome  cases they must pay i ncreased rates . Th is is  due 
ma inly to a lack of s tanda rds for de fining grain dus t explos ion haza rds . As 
l cmg as this  s ituation exists the re will always be saae members of the 
grain-handl ing indus try who will cons ide r insurance as a safeguard in place of 
a dequate safety measures that no one has e ither bothered or been able to 
de fine .  

GOIJER!ImN'l'-INDUSTRY RELATIOR; 

Cooperation between government regulatory agenc ies and industry to 
increase safety in elevators and mills is some thing that has yet to be fully 
developed . Re gu latory agenc ies , both federal and local , a re viewed with 
suspicion by both indus try and labor . In general , labor feels tha t the re i s  
n ot  e nough regulatory activi ty and i ndustry feels that mos t regulatory activi ty 
is unnecessa ry . This is especially true with respect to the OCcupational 
Sa fety and He alth Adminis tration, Federal Grain Inspection Service , and 
Environmenta l  Protection Agency . The reluctance of eleva tor management to 
cooperate with the panel was evi dent during i ta investigation of one explosion 
because of an imagined association between the work of the panel and a 
re gulatory a gency investigation . Th is same general a ttitude was noted in  the 
panel ' s  previous report (National Mate r ial s Advisory Board 198 0 ) . On the othe r 
hand , too close an association between those respons ible for what is inspected 
and those doing the inspecting can lead to problems as well . The panel 
bel ieves that a greater dependence by regulatory agenc ies on performance 
s tandards i n  place of inspecticms •by the book • would alleviate the feelings 
of animos ity and better serve the goal of increased safety .  
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Ai r pollution regulations have al ready been mentioned i n  this report . 
It i s  i nteresting to note that s ome  representatives of labor and industry 
are on the same s ide of the fence with rega rd to EPA ' s  emiss ion air qual ity 
re CJ,llations . Both feel that the regulation preventing the d ischarge of dust 
to the outs ide of the elevator bas increased the explosion hazard . '1'he 
panel determ ined that improper response to the regulation is  the problem . 

'l'he actions of s tate governments with respect to dus t control have 
a lready been discussed i n  this  report . Education as to the explosive haza rd 
represented by grain 4us t mus t not be l imited to the indus try and i ta 

· 

empl oyees . 

LEGAL BWIRORmNT 

The cur re nt l itigious e nvi ron.ent s ignificantly a ffects the prevention 
of grain dus t explos ion accidents in that owners , operators , workers , 
des igner s ,  s uppl iers , w itnesses , and i nvestigators may e ither be held 
respons ible for an accident with attendan t civi l  and criminal penalties , or 
be harassed outs ide and i ns ide the cou rt roaa . An i nsurance f i rm  may 
indicate to an insu red tha t dangerous conditions exis t wi thin a facil ity and 
that s uch conditions s hould be cor rected . If an accident occu rs be fore the 
cor rection is  made the caapany may be held respons ible in  that i t  knew of 
the dangerous condition or failed to not i fy the respons ible publ ic 
authorities . I f  a governmental agency fails to detect a haza rdous condition 
that i s  then i nvolved in the chain of events leading to an accident , i t  may 
be dee•d that they should have detected such a fault . New des ign data may 
be developed as  well as unconventional equipment, howeve r ,  s igni ficant r isk 
accaapanies its introduction because any accident that subsequentl y occurs 
can be blamed on this l imi ted precedent technology. Witnesses a re reluctant 
to provide information relating to accidents s ince they fea r they will  
j eopard ize a pcas ible f inanc ial settlement if  they have been i njured or  been 
served wi th a subpoena to provide testimony . 'l'he results of accident 
i nve s tigations , which s hould be released i._diately to prevent the 
repetition of s imila r haza rdous conditions leading to an explos ion , ms t be 
s uppressed to avoid the i r  c itation. 

BOUSBDEPING 

Be cause housekeeping i s  the e as iest part of elevator operation to 
i gnore , i t  is usually ass igned the lowes t priority .  I f  the press of bus ines s 
i s  great , e . g . , three-s hi ft operation ,  the re i s  a tendency to postpone 
clean-up operations . This ,  of course , i s  exactl y the worst time to dela y 
housekeeping . It i s  looked upon a s  an expense withou t an i11111ediate econaaic 
retur n .  Those times when it is moa t needed are also the periods when the re 
i s  the gre atest chance that temporary help w ill  be employed. Inexperienced 
and untrained tempora ry help , as a group , are those least l ikely to real i ze 
the hazards of dust e xplos ions ,  and i f  they are employed in housekeeping 
work the s i tuation is doubl y haza rdous . 
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PSYCHOLOGICAL FACTORS 

The i nfluence of human factors has already been discussed at same 
length as pa rt of the dus t explos ion proble• . Howeve r ,  because hwaan 
a ttitudes , u nl i ke the actions of mechanical devices , are not susceptible to 
rigorous control , they are a cons traint to reduction of the hazard of dus t 
e xplos ions . 

Pe rsonnel can contr i bu te  subtly to the explosion hazard . There are 
those who real ize the hazard bu t  have a fatalistic attitude i n  that they 
accept a certain amount of danger as a fact of l i fe .  Others feel that there 
is no dange r ,  e i the r because they do not know or do not bel ieve dus t can 
e xplode .  These s ame attitudes once prevailed in other f ields such as 
mining , aviation , and the che11ical indus try bu t  have since been cor recte d 
th rough education and employee-manage•nt camunication. S i nce total 
elimination of the human factor is  neve r  poss ible , i t  is an eve r present 
hazard that aanage•nt must guard agains t .  

:&Dployees are not the onl y group whose attitudes affect safety . 
Owners and opera tors-managers , even though they usually a re aware of the 
dange r ,  tend to procras tinate concerning actions to improve safety, 
e specially i f  they can rational i ze a delay on the bas is of economics or on 
the press of additional immediate bus ines s . In this context , pee r pressu re 
can have e ither a negative or a pos itive e ffect . 

Some owners and operators�nagers also have the same opinions as 
e J�Ployees and thi s  is especially true of those who recognize that an 
exploa ion is more reaote a possibi l ity than the 10 0-year flood . Finally , 
there i s  the u niversal human characteristic that responds to a pressure by 
res isting . 
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Chapte r 6 

BASIS lOR RECOMMENDATIONS 

Previ ous reports concerning the prevention of grain due t explosions in 
grain-handl ing faci l ities have presented nume rous recommendations . The pane l 
found no aaj or fault w ith these recommendations except that they were not 
ranked i n  te rms of priori ty , value , or economic feas ibi l i ty .  To be of value 
to an i ndustry composed of facilities aa varied in  s i ze ,  construction, and 
pu rpose aa thoee handl ing grai n ,  recc..ndationa aua t take i nto account the 
fact that no s ingle recaaaendation will  suffice to solve the problea in  every 
facil ity and not every recommendation can be appl ied to all facil itie s .  

ru rther , recommendations aua t address factors beyond technical ones . 
Pigure 5 illus trates the broader perspective taken by the panel to examine 
s ubtle but consequential face ts of the exploe ion problem . Por example , the 
personal cosmology of both grain elevator managers and workers ( i . e . , how the y 
perceive who the y a re and the meaning of l i fe)  influences the i r  a ttitude in 
taking action to prevent explos ions . 

If resources were unl imited , the pane l bel ieves that the due t explosion 
hazard could be reduced to a negl igible level in  every type of facil ity .  
Re cogn izing , however , that resources a re n ot  unl imited , t he  pane l concentrated 
ita study on f i rs t  dete rmining what could be done and then on aaaeaa ing each 
preve ntive act ion ' s  potential for hazard control . To accompl ish the latter , 
each preventive action was ranked aa high (B) , medium (M) , or low (L) i n  terms 
of:  

1.  Ef ficacy - the degree to which the hazard would be e liminated or 
controlled by the actionJ 

2 .  Fe as ibil ity - the acceptabil i ty of implementing the action in l ight of 
the economic , legal , cultural , pol itical , social , and technical cons iderations 
depicted in Pi gu re 5 J  

3 .  Ef ficiency - the coa t-e ffectiveness of the action in terms of 
potential dol lar loaa if no action ia ta ken versus the coa t of the propose d 
action. 

The pane l ' s  recaaaendationa fal l i nto two mai n  groupe : 
(1 ) recommendations to the grai n-handl ing indus try and ita trade associat ions 
concerning hazard reduction in existing facilities , needed research , and the 
des ign of future facil ities and ( 2 )  recommendations to the gove rnment 
concerning aore e ffective regu lations . In the following discuss ion, the 
reca.mendationa on a specific subject are presented firs t  and then the nee d 

4 3  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r e v e n t i o n  o f  G r a i n  E l e v a t o r  a n d  M i l l  E x p l o s i o n s
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TECHNICAL 

Methods & Rete of &rein T ran aport: 

T reining, Expectation•, 

Lentu•te Proficiency, Age, 

Sensory Perception, Streasea, 

Racial/Ethnic Sensitivity, 

Education, Preiudicea 

CULTURAL 

Credillility of Exploaion Potential, 

Peraonel Cosmolo9y, Family Life, 

GRAIN 

DUST 

Teriffa, 

Preveilint 

Utigloua Attitude, 

Allaence of Retuletiona & Lewa: 
Enforcement Intent, 

Criteria, I Cepallihty 

POUnCAL 

Inter- & lntre-Sovernmentel 

Atenclea, lureeucretlc Inertia, 

Impact on Foreign Policy, 

Conflict Amon9 

Follrlore, Treditiona, 

Value Hierarchy, 

Cuatoma 
&rein Value, 

6rein-Hendlint Schedulea, 

Elevator & &rein lnaurence: 

Selvet•• lellor Relation• 

FIGURE 5 Facets of a systems approach to grain elevator explosions . 
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for them i s  explained . 'l'he panel also realizes that &CID8 recc.aendationa 
may alre ady be i n  e ffect and that the coat of iaplementing these recaaended 
actions will be di fferent for di fferent facilities . 'l'he panel hopes that 
i ta  pre sentation of the recCIIID8ndationa in  this aanner will convince owners 
and managers to examine the list , to dete rmine where the i r  operation is 
deficient , and to take re•dial action within the l imits of the i r  econadc 
and adminis trative capability .  '!'he same procedure should apply to those 
re commendations a i•d primari ly at labor organi zations , trade and 
profess ional organi zations , and federal , state and local governments . 

EXIST ING PltCILITIBS 

The following recommendations addre ss eng ineering matters and 
adminis trat ive actions . 

Du st Control 

Re 0011111enda tiona Ef ficacy Peaaibility Efficiency 

Batabl iah a housekeepi ng 
program i nvolvi ng a mechanical 
dust collection system 
aupple•nted by manual or other 
•ana . 

Appl y s tate-of-the-a rt 
te chniquea to reduce the 
concentration of a irborne 
dust i n  and emanating from 
e levator legs . 

Control dust generation 
and a irborne dus t at 
all grain transfer and 
discha rge points . 

Bl iminate all nonessential 
horizontal su rfaces . 

Coat all nonhori zontal 
su rfaces exposed to a irborne 
dust with materi als that will 
prevent the build-up of layered 
dus t .  

Apply s tate-o f-the-a rt 
techniques to reduce the 
concentration of a ir borne dust 
below the lowe r explos ive 
l imit where poss ible in 
enclosu res other than legs . 

B 

B 

M 

M 

L 

L 

M B 

L M 

M M 

M M 

L M 

L L 
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'Dlere can be no doubt that overal l dus t control i s  the mos t baportant 
a ct ion that can be taken to reduce the explosion hazard . I t  a lso is  the 
s tep tha t will be the mea t cea t1 ffective . The pane l ' s own investigation of 
e xpl ea iona and s tudies of past explos ions indicate that a preventable 
accumulation and suspens ion of dus t was the basic feature of every explos ion . 
There is no question that dus t e xpl odea J the important point is  that the 
accumulation or suspens ion was preventable . 

Of all of the locations in an e levator whe re dus t can exis t i n  
su spens ion , the leg i s  by fa r the mos t ha za rdous . This ha s  been recogni ze d  
t ime  and a ga in by groupe s tudying e levator expleaiona .  I t  i s  the one p iece 
of equ ipment with an environment of suspended dus t that is continually 
s ubject to •choking• (boot f ills with grain and buckets will not turn) , 
electrical fau lts , bea ring failu res , mechanical misalignments , ingestion of 
fore ign materi al ,  e tc .  The mea t e ffective remedy for this s ituation is uae 
of a dus t  collection syatem in  the leg suf ficient to reduce the concentration 
of suspended dus t .  A means for preventing the accumulation o f  dus t on the 
walla of the leg or a means for pe r iodically removing any accumulated dus t  
a lso mus t b e  provi ded . A part icularly difficult problem is presented by 
those legs in which the middle portion of the enclosure cons ists of only the 
concre te wal la of a headhouae . Manual cleaning or enclosing of the belt and 
t::u ckets in a cleae fitti ng ,  dus t-ti ght me tal cas ing appea r to be the only 
s olutions . 

Su spens ions of dus t  in enclosed volumes other than legs present a 
dange r second only to that of legs . Silos , bins , garners , enclosed 
c onve yor s ,  e tc . , conta in l ittle i f  any equ ipment that can serve as an 
i gnit ion s ou rce and are there fore only ra rely the point of an initial 
e xpl ea ion .  However , ign ition of dus t concentrations in these enclosures , 
whose volume can be much la rge r than that of legs , can resul t  in  an explos ion 
of much gre ater magnitude than that in a leg . These enclosures present two 
ha za rd conditions : f irst , the a i r -suspended dust that is present when they 
a re being f il led and , second , the dus t cling ing to the walla and ceilings 
that can be loosened by the shock of an initial explos ion . 'l'be removal of 
the a ir borne dus t can be accompl ished using the same methods as in the leg . 
The dus t problem in s i los and the gene ration of additional dus t  can be 
lessened somewhat i f  dead boxes , grain l adders , and f illing spouts that 
entrain a la rge portion of the dus t in the grain a treaa are used . 

The movement of grain from one point to anothe r results in the 
creation of dus t and in  the suspens ion of acme a irborne dust at  transfe r 
points . A dust col lection system should be used at eve ry point whe re grain 
falls through the a i r  (e . g . , when it is  transfe r red from one belt to anothe r 
or from a spout onto a belt) .  There is  little danger of an initial explosion 
occur ring at these points , but wi thou t use of a dus t  collection system , lll08 t 
of the dus t will settle on the floors , walla , ledges , ducts , e tc . , in the 
wor k space . This dust then can become the fuel for secondary explos ions i n  
tunnels ,  gal leries ,  headhouaes , and othe r wor k spaces . Th ick layered dust 
a round work ing equ ipment presents the ideal conditions for initiation and 
concealment of smolder i ng  dust f ires that can serve as the igni tion source 
for an explos ion . 
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BYe n  i f  dus t control is appl ied a s  indicated above , the re will be a 
n•d for manual housekeeping . The manual vacuuaing of all e xposed surfaces 
is recc..nded ove r blow down or sweepi ng ,  which tends to raise dus t clouds 
and usually does nothing aore than redistr ibute most of the dus t .  ( See ,  for 
example , Nationa l  Fire Protection Association ' s  NPPA No .  618 , Code for the 
Preve ntion of Du st Explosions i n  Te rm inal Grain Elevators . ) As mentioned 
earlier in this report , the danger of laye red dust in the wor k  apace was 
vivi dly exhibited to the pane l in  one of ita explosion investigations . An 
initial explos ion in a headhouae was followed by an explos ion in a s ilo. 
This secondary explosion was i ni tiated by a flame that propagated near the 
gallery floor due to a layer of dus t until i t  came to an open empty s ilo . In 
numerous other explos ions , headhouaea , gal leries , and tunne ls have contained 
enough layered dust  on exposed su rfaces to fuel secondary explos ions wi thin 
these s tructure s .  

As a caapleaent t o  aanual house keeping , the panel recc.aends that all 
unnecessa ry horizontal su rfaces be eliminated and all nonhorizontal su rfaces , 
both those i n  enclosures and those in  the working areas , be coated with a 
mate rial tha t will inhi bi t the layering of dust . Rough concrete and wood 
s urfaces a re part icularly susceptible to a bui ldup of laye re d  dust .  Su rface 
coati ngs ove r metal should be somewha t conductive . 

In summary , dust control is  moat important in reducing the dust 
explos ion haza rd in  grai n-handl ing facil ities . Sc:me aspects of the dus t 
control recommendations a re re latively more expens ive than othe rs and acme 
MY al ready be in e ffect . 'l'be value of each of the recommended actions 
depends , of course , on how well they are appl ied or performed (e . g . , dust 
control systems that do not keep the dus t concentrations below the lower 
e xpl osive l imit or  manual housekeeping poor ly performed are dangerous s ince 
they instil l  a false sense of secu rity) . 'l'be total dus t control efforts 
s hould be based on a per formance s tandard and not mere ly on the appl ication 
of the recommended actions . 

Every e levator having interior legs s hou ld uti l i ze an adequate dust 
collect ion sys tem in the leg because of the extreaely haza rdous condition 
re sulting from suspended dus t in  proximity to potential i gnition s ources . 
The other dus t  con trol recommendations will contribute to a reduction of the 
hazard and are , to a cme  degree , inte rdependent . For example , the appl ication 
of su rface coati ngs reduces clinging to ve rtical su rfaces but does not 
e liminate the need for dust collection from enclosures other than leg& J 
wi thout dus t collection at transfe r  points , the need for manual house keeping 
i ncre ases gre atly . Adequate manual housekeeping is poss ible only when there 
is easy access to hidden spaces and al l su rfaces tha t can support layered 
dust .  Be nce ,  special a ttention needs to be paid to providing access ports 
to dus t-containing enclosu res to faci litate cleaning . Easy access to large 
expanses of wal ls and cei lings , such as occur in aany headhouses , must be 
provided . 'l'be panel ,  of cou rse , advises that all of these recommendations 
be implemented . 
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Ignit ion COntrol 

Re commendations 

Use a pre-es tablished and 
enforced perm it procedure 
whenever weldi ng ,  cutti ng , or 
other open flame wor k is  to be 
done . 

Incorporate a a ya tem to indicate 
belt sl ippage and misalignment . 

Incorporate a method to check 
frequently the temperatu re and 
vi bration of cri tical bearings . 

Us e  devi ces to extract fore ign 
mate rials from the inccming grain 
s tre am .  

Gr ound all ccnveying and 
electrical equ ipment . 

Us e  only equ ipment and i ns tallation 
standa rds meeting Nationa l  Electrical 
Code requ irements . 

4 8  

Ef ficacy Feasibi li ty Efficiency 

B B B 

H M H 

B M H 

M B H 

L B B 

L L L 

Ne xt to the ccntrol of due t , the control of ign ition aou rcea ia the moat 
effect ive means for reducing the explos ion hazard . Since the data on ignition 
i n  actual e xpl os ions a re poor , it  is not poss ible to give a meaning ful rank ing 
to ignition s ou rce s  J the refore , the panel arbi trarily divided the aou roea into 
the e ight categor ies shown in Ta ble 2 and then aaseaaed the probability of 
the ir  occur re nce and the eaae of the i r  elimination.  

The maj or deter re nt to spontaneous ignition of  store d grain as a l ike ly 
sou rce of i gnition ia the necess ity of preserving the comme rcial value of the 
grain.  In modern operating practice , if the gra in is to be in res idence for 
more than a few weeks , the temperature ia closely monitored . A riae of a few 
degre es i n  gra in temperature indicates insect infestation and fungus , which 
reduce the grain ' s  va lue and mandatee countermeasu res , cooling of the grain by 
pu l l i:ng a ir th rough i t  or by turning i t .  Thus , spontaneous ignition ia not 
cons ide re d  a probable sou rce . 

The probability that e lectr i cal apparatus and wiring selected and installed 
in accordance with the provis ions of the Nationa l  Electrical Code (NBC ) wi ll 
be a source of ign ition is extremely low under e ither normal or fault 
condi ticns . The code provis ions and apparatus standa rds place l iaita on 
temperature of exposed surfaces and mandate enclosures that exclude duet that 
could contact ene rg i zed pa rte . 
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TABLE 2 Ignition Sou rces 

Probability Base of 
Sou rce of Occur rence Bl iaination 

Spontaneous i gn ition LOw Easy 

Arcing from electrical apparatus 

• Noraal operation LOw Easy 
• Fault operation Low Easy 

Sparks from fore ign materials 

• El evators , fer roue metals Low Easy 
• Elevators , nonfer roue •tal Low Easy 
• El evators , other LOw Easy 
• Mi ll s High Moderate 

Static e lectri city 

• Movi ng belts Hi gh Moderate 
• Moving grai n/dus t Low Di fficul t 

Bot Surfaces 

• LaJI!p8 LOw Easy 
• Bea ri ngs High Moderate 
• Radiators/Pi pea LOw Moderate 

Friction 

• 1tu bbing head pulleys Moderate Easy 
• Slipping be lts High Easy 
• Scraping buckets Moderate Moderate 

(misal i gned belts ) 

Open flame High Moderate 

-.lding and cutting High Easy 
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I f  the installation is not in accordance with the NBC , the probabi lity 
of the e lectrical apparatus or wir i l\9  beccaing a sa uce of igni tion is 
highe r , but in  i tsel f such an installation is not l i kely to be a sou rce of 
i gn ition unless open contact switches or other a rc ing parts are expoeed 
directly to accumulated dust . Howeve r ,  i f  NBC guidelines are not followe d  
there is  a much higher probability that there is  also l ittle control of the 
use of portable equipment such as drills , hand lampe , and grinders tha t may 
be i gn ition s ou rces . Fa ilure to obaene NB: requ irements often can be an 
indication of more serious problema rathe r than an i .. inent dange r  itself . 

Even in  an ins tallation that does not s trictly re flect NB: requ irements , 
the immediate hazard may be only moderate i f  the equ ipaent is nonapark ing , 
e nclosures a re dus t-t ight , and a good s tandard of house keeping is  observed . 
This dcea not obviate the need , howeve r ,  to fol low NBC rules because a 
Calform ing ins tallation is  forg ivi l\9 of other proble• whe reas a nonconforaing 
ins tallation in  combination with othe r bad practice aay become a hazard . 

Moat inveatigaticna of the production of sparks between cc.binaticna of 
fer rous , nonfe r rous , and rocky aate riala have been concerned with the ignition 
of methane . Al though the re have bee n many investigations , no s imple picture 
of the conditions requ i red for dus t igni tion has eme rged . It  generally is 
agreed that the theraite reaction between aluminum and rus ty s tee l  under a cme  
conditions ca n  ignite me thane . Investigators differ on whe the r  i��pact or 
fr i ction is  the important parameter and whe ther s teel-s teel or rock-metal 
impacts are igni tion capable . 

The range of energy reported for methane ign ition by sparks gene rated 
by impact is wide , ranging frca 10 to 40 0 f t-l b ,  but in mos t reports above 
2 00 f t-l b. It seems unl i kely that a piece of tramp metal or a rock aaall 
enough to pass tl)rough a 1-1/2 in . grate would result in enough impact energy 
to i gn ite gra in dus t .  The weight of a piece of fore ign material that could 
pass a 1-1/2 in . grate could be as high as 1 lb for the case of a s tee l object . 
A 1 l b. object would have to fall 200 ft to have an impact energy of 200 ft-l b .  
Al though it is not imposs ible , i t  does not seem l i kely that a piece would fall 
from a bucket and drop that d istance w ithout f irst s tr i k ing another bucket or 
the leg enclosure . '!be above numbers are for methane . Spar k ignition ene rgies 
for gra in dus t a re at least twenty t imes higher than that requ ired for methane . 
Even i f  one takes into account that slowe r  re lease of ene rgy accompanies a 
fr i ction spark  (a hot part icle) and that dust is more eas i ly ignitable by 
long-du rat ion elec trical sparks ( Eckhoff 197 5 ) , one concludes that sparks from 
tramp material fall ing in an e levator leg a re not l ikely to be a pr ime ignition 
source . 

The potential for tramp metal to cause a pr imary explosion does exist in 
a hamme r mil l . '!be energy released when a a��al l piece of me tal is s truck by 
hammers in  a mill i s  more than sufficient to ignite grain dus t .  Pi eces of 
me tal as well as othe r ha rd objects also can damage ha1111era in mills and me ta l  
buckets in an e levator . Al though the objects themselves may not produce sparks 
sufficient to ignite dust , the damage they cause may lead to an explos ion 
th rough friction heating or spark  generation by the damaged hammers or buckets . 
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It bas been suggested that the use of plastic buckets instead of metal buckets 
would el iminate the poss ibil ity of sparking and reduce fr iction beating 
re sulting from damaged buckets s tr i king or rubbing against  the leg enclosure . 
More study of tbia ia needed since i t  ia  not ce rtain that plas tic bucke ts 
w ill not i ntroduce new and equally dangerous conditione . 

The l iterature on ignition by s tatic electr icity unde r conditione found 
i n  a g rain e levator ia aparae . Pa lmer (19 73)  offers quali tative guidance only 
and advisee the grounding of al l ducts and me ta l . The canadian Grai n Handling 
As sociation ( 1 9 79 )  concluded , pr imari ly baaed on the work of Morae of the 
Nationa l  Resea rch Council  of canada , that static electr icity gene rated i n  
mewi ng gra in i a  not l ike ly t o  be a sou rce o f  ignition. A more recent s tudy 
( Safety Consu lting Engineers , Inc . 198 0 )  of electros tatic prope rties of grai n 
c ites the need for further i nvestigation of the properties in  conjunction 
with grain-handl ing faci l ities . Static discha rges from belting have , in 
c mventional w isdom ,  been pre sumed to be ign ition capable (Univers ity of 
Scu tbbampton 198 0 ) . Indus try practice baa been to bend the metal framewor k 
of cmveyora to ground to el iminate build-up of s tatic charges , and thia 
should be cons ide red standard pract ice . Al though the prese nce of la rge 
charges bas not been conclus ive ly shown to be an ignition sou rce , i t  see• 
l i kely that a rcing between pa rte of metal framewor k not bonded toge the r coul d 
re lease suff icient energy to ignite a dust cloud or layer . Additional 
experimental data on i gnition by discha rges from belting ,  the presence of 
s tatic charges in the leg , and the l ikel ihood of static induced ignition in 
dus t collection system are needed . 

The i gnition temperature of grain due t  layers exceeds 2000C . Bot 
l •p surfaces can serve aa ignition sources if  they do not meet NJ!X: 
requ i rements for uae in dusty locations . I f  lighting fixtu res are selecte d 
and i ns talled in accordance with the NJ!X: , they should not be cons idered an 
ignition s ou rce except i f  installed i n  a position that peralta dus t to 
aocumulate on the bot , glass surface i n  a way that impedes beat transfe r .  

Fires due to bot bea rings have been reported , and one mus t conclude 
th at beari ngs a re a l ikely ignition source i f  only because they are s o  
numerous in an installation using conveyor a .  Boot and bead pulley beari ng 
fa ilure ia especially hazardous . Two methods for reducing the hazard due to 
bot bea ri ngs have been propose d :  locating the bearings outs ide of conveyor 
and leg e nclosure s  s o  that overheating will not cause i gnition of surrounding 
dus t and monitoring the temperature of the bea rings . The appl ication of 
these methods w ill be inexpens ive in new cons truction but only the second is 
appl icable to an exis ting facil ity . Both still requ ire a re latively high 
s tandard of housekeeping to keep due t layers from accumulating on exte rnal 
bea ring su rface s . 

Sl ipping belts , especially at  the head pulley of a leg , have been 
blamed for grain elevator explos ions , in many cases because fr iction ignited 
the belt ,  which then parted and dropped down the leg . The unive rsal 
applioation of underapeed devices that prevent operation of the elevator 
under tbia condition can e liminate this s ou rce of ignition. A s omewhat more 
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re mote hazard , though i t  has occurre d ,  is  fr iction heating of the belt due to 
a sl ipping or locked boot pulle y, therefore , the underapeed device should 
monitor the speed of the bel t as well as that of the head pulley. ( In one 
explos ion ( Pinn 197 6) , the pulley speed was maintained bu t  the belt slipped 
because the lagging was worn off and caught fire and dropped down the leg . ) 
This remedy is appl icable to existing as well as new facilities . Interlocks 
t o  shut  down mewing systems when part of the system fails or when dangerous 
choke conditions occu r should be standard features . 

Ve nting 

Re 0011111endation 

Fol low , to the extent practical 
The Na tional Pi re Protection 
Association ' s  Standard on explos ion 
venting (No. 68 )  for a ll e nclosures . 
Concrete s tructu res should be vente d 
by w indows or other openings of the 
s i ze dictated by this s tanda rd . 

Ef ficacy Feasibility Efficiency 

L M R 

Ve nt ing can be cons idered to be the thi rd most important a rea ( following 
dus t and i gnition sou rce control) , bu t  ita effectiveness is l imited since it 
i s  e ffective only during the occurrence of an explosion. Many also have 
reservations about the e ffectiveness of venting . 'l'he llle r ica n  Insurance 
As sociation ( 1 9 78 ) , for e xample , s tates : •When the rate of pressu re r ise 
exceeds 3 , 30 0  ps i/a , i t  apparently becomes imposs ible to des ign an effective 
e xpl os ion re l ievi ng system . •  Neve rthe less , s ince t he  greatest amount of 
damage and hu•n inju ry usually is caused by secondary explos ions , venti ng 
s hould be cons idere d  i f  i t  can reduce the connection between pr iaary and 
secondary explos ions . 

Ma ny locations within a grain-handl ing facility can be regarded 
l iterally as •loaded cannons • when they contain su fficient dus t (ei ther i n  
l ayers , in  a cloud , or both) to support a n  explosion. Examples a re legs , 
empty bins , tunnels , duct wor k ,  headhouaes , enclosed conveyors , and galleries . 
If  there is  sufficient fue l ,  an explosion in  any of these enclosures will 
propagate through i t  unti l sufficient pressure is built up to rupture the 
wal la or until the pre ssure is rel ieved at the end of the enclosure . ( I f the 
end of the enclosure is s trong enough to wi thstand the pressu re , the 
re flection of the pre ssu re wave back down the enclosu re adds to the magnitude 
of the al ready existing pressu re . )  'l'he bu rsting s trength of exis ting 
s tru cture s i s  small compa red to the maximum pressure s  generated by most 
wel l -fue le d grain dust explos ions . 
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1B chnical i nformation on the me rits of venting grai n-handl ing 
s tructures ia practically nonexistent . Pa rt icularly hazardous ia  the 
fonaulation of s ize of vent openings baaed only on the total volwae enclosed , 
w ithout g iving cons ideration to the e ffect due to the leng th/d i&Mter (L/D)  
ratio of  the enclosu re , o r  roughnes s .  When the ratio, L/D , equals or exceeds 
10 the equ ivalent diameter of the vent opening exceeds D .  Numerous e levator 
legs have a vent panel only a t  the top . A wel l-fueled explos ion , initiated 
at the bottom of the leg , will generate enough pressure to rupture " the leg 
cas i ng  aa it progresses up the leg long before the pressu re wave reaches the 
ve nt .  Indeed , the panel baa investigated explosions i n  which the leg cas ing 
ruptu red and the vent , in ope rable condition ,  was still closed . 

Por those cases whe re L/D ia leas than 10 (e . g . , garne rs , scales , and 
bag house s )  , venting can provide aaae protection against ruptu re of the 
enclosure but a flame will propagate through the normal or vent openings of 
the enclosu re . In addition , the vents mus t release to the outs ide of the 
facility i f  they a re to protect employees in the wor k ing a reas fraa exposure 
to fla•• · 

Ex amples of i ncidental venting have been noted in a number of 
explosicna . Bea dhouaea having numerous windows or steel shea thing wall a 
suffer much leas damage than those constru cted of concre te w ith only a few 
windows or none at al l .  Rel ieving explos ive pressu re by blowing out windows 
or frang ible s heathing ia pre ferable to spraying the landscape with large 
pieces of concrete from a concrete headhouae that baa contained the explos ion 
u ntil the pre ssu re becomes sufficient to rupture i ta  walla . 

The modi fication of existing s tructu res to provide venting ia ofte n 
h posa ible and a lway& very expens ive . For example ,  nothing can be done about 
venting tunnels that a re al ready caapletel y below grade (e . g , those below 
s ilos) . Th ua, venting s hould be appl ied to exte r i oc  s tructures (e . g . , bag 
houses , exte rior legs or othe r conveyors , and exte rior ductwoc k ) . 

SupPre ss ion 

Re commendation 

Impractical for the workplace . 
Poss ibly feas ible for the inte rior of equ ipment . 

De vi ces for the suppre ss ion of expl os ions can be installed in legs , 
ductwor k ,  and othe r na r row enclosu re s . These devices are conta iners of 
pre aauri zed dry powder or inert gases , usually Ba lona , which release the gas 
when trigge red by actuators sens itive to flame (infra red) or pressu re rise . 
They a re  very e ffective in  suppre ss ing explos ions in enclosures ,  especially 
legs and dus t collection ayatema , but they have two drawbacks : they a re 
re latively expens ive for small facilities and they a re not 1 0 0  pe rcent safe 
against false actuation , which adds to the i r  operating coat because recha rging 
is  e xpens ive . Re search and development be ing conducted by the manu facture rs 
of these devices should be followed closely to determine if they are becoming 
mcxe coat-e ffective for small facilities . 
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Pa ss ive and a ctive barrier s ya te• that have been extens ively employed 
by the coal mining indus try for explos ion suppress ion in tunnel s (Cybuls k i  
19 75 ,  Li ebman e t  a l .  1 9 76)  mus t be exaained separately. These devices spread 
an exti ngu ishing agent--wate r ,  Pu rple J: ,  rock dus t--across the tunnel ahead 
of the advanc ing flame front . The pass ive devices cons ist of frames 
supporting wate r conta iners nea r the tunnel roof . The a i rflow behind the 
pre ssu re wave cre ated by the explosion dumps the wate r .  With the active 
devices , a sensor detects the explos ion and actuates the dispers ion devices . 
Ex tens ive testing has led to optimum des igns for these bar r iers and they may 
be appl icable in elevator galleries and tunnel s .  Specifically , the water 
barriers a re re latively inexpens ive to construct , requ ire l ittle maintenance , 
and are rel iably trigge red . 

Fi re suppre ss ion by use of automatic spr inkler sya teaa has only 
• rginal value in the prevention of explos icns . (The protection of the 
phys ical plant from damage due to fire alone is not the subject of this 
report . )  The initiation of a numbe r of explos icns can be traced back to 
s molder i ng  dus t that could never have tr iggere d an automatic spr inkler 
system . 

Inert ing 

Re oolllllenda tion 

Do not use inert ing because i t  is too expens ive 
and is dangerous to personnel . 

Operating a grain-handling facil ity in an inert atmosphe re to prevent 
exploa icns has been cons ide red in the past . It has been judged to be 
completely impracticable from both a mechanical and economic point of view . 
In addition , the ine rting of la rge volumes is dangerous because workers can 
be asphyxiated . 

Education 

Re commendations 

Fstabl ish an i nformation 
center to distr i bute act ive ly 
all available i nformat ion 
on e levator and m il l  dus t 
explosions and the ir  cause s 
a nd prevention. 

Inves tigate and report on 
explosions in a manne r tha t 
re flects the recommendations 
made by the panel in its report , 
Report NMAB 3 67-1 . 

Ef ficacy 

M 

L 

Feas ibility Efficiency 

L B 

M L 
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As noted many ti•s i n  this report , ignorance of the explos ion hazard is 
very prevalent and re flects both poor dissemination of what is known and lack 
of knowledge concerning haza rdous factors or s ituations . The degree of 
i gnocance is inversely proport ional to the unit s ize in the indus try ( i .e . , 
the aanageaent of la rge grai n-handl ing corporations is lllCh bette r infoa.d 
than the manage•nt of small mills and country e levators ) J  there fore , g iven 
the preponde rence of smal l facil ities , lack of information is an important 
factor . The degree of ignorance also i ncreases in going fran overall 
aanageaent to the lowes t paid employee . 

Ignorance of the dus t explosion hazard can be alleviated by col lecting 
ava ilable i nfor.ation in a central repos itory , a relatively s imple but 
l abori ous tas k and by distribu ting the available information. Nu•rous 
organi zations now are engaged in disseminating information (e . g . , the 
Na tional Gr ain and Peed As sociation , the Grain Elevator and Processing 
Socie ty ,  the Depa rt.ent of Agriculture , NIOSB , OSHA, the trade and union 
pre ss , and vari ous university and pr ivate research organi zations ) , but i t  
dces not seea t o  reach the •gras s roots •  o f  the indus try . Rega rdless of the 
re ason foe thi s , i t  ia a problem that should be overcaae . The panel suggests 
that infor.ation be channe led through the Depa rt.ent of Agr iculture to the 
state Dire ctors of Agriculture down to the county agents of the Cooperative 
Extens ion Services . The aim is ' to ensure that each grai n-process ing facil ity 
is i nformed w ithout having to request i nformation. Organi zations such as 
the u.s. Fi re Adminis tration , OSHA, NIOSB , trade and professional 
aaaociations , unions , i nsurance groups , and trade publ ications also should 
rece ive all available information . 

Opera ting Procedures 

Re commendations Efficacy Feas ibil ity Ef ficiency 

Conduct rigorous preventive B B B 
maintenance , especially on 
al l parts of bucket elevatoc s .  

No ti fy a ll facil ity managers L B B 
that sa fety is a non-delegable 
re apons ibil i  ty . If  authori ty is  
delegated it  aust be to  an employee 
who reports d irectly to the plant 
manager . 

Fs tabl ish a f ire and explosion M L B 
prevention tra ining program in 
each facil ity .  

If dus t i s  re turned t o  the gra in M L L 
stream do i t  in the leas t haza rdous 
•anner . 
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The manager o f  each facil ity ia  ultimately reapona ibile for the safety 
o f  hia plant . Ei ther the manager or a des ignated empl oyee who reports 
d i rectly to the manager should be re spons ible for the day-to-day safety . 
Th ia person s hould be cCIIIIpletely famil iar  with all of the plant operaticna 
and s houl d pe rform a aya tem safety analya ia of the whole plant . It  ia 
important that he understand that all explosions a re preceded by a sequence 
of events that may have begun qu ite aaae time before actual i gnition of a 
d ue t  cloud . 

Operating procedure s a ffecting safety a re numerous and var ied but can 
be class ified i nto a few categorie s .  The divers ity of a i zea and types of 
e levators and m ille dictates that the detai ls of these procedures be le ft to 
each plant or facil ity, nuae roua examples for each overal l subject a re 
re ad ily ava i lable . 

The fir s t  and mos t important action ia to insu re that every employee , 
vis i tor , ccntract employee , local f i refighte r ,  and any others who may be in 
the facility a re awa re of the haza rd of due t  explosions and the means for 
the i r  prevent ion . NUmerous examples of explos icna resulting frCIIII weldi ng 
operations appear in the l iteratu re and the panel ia aware of a number of 
ins tances when ignorance of the prope r me thod of fi ghting a due t  fire led 
d ire ctly to an explosion. 

House keeping , including ccntinuoua surve illance for due t emiaaiona and 
depos its , mus t  be treated aa a f i rs t  priority activity in plant operaticna . 
The panel has seen two ina tancea where several feet of dQat had collected in 
boot pita and ultimately led to explos ions . It waa aaid tha t the pita we re 
cleaned out re gularly every few months ! The importance and degree of 
house keeping should be d i rectl y proportional to the degree of activity of 
the facil ity ,  not i nversely proport iona l .  

Maintenance ia related t o  ignition aou rcea in the aame fashion as 
h ouse keeping ia re lated to due t control . It  is  assumed that any normal plant 
operat ion should include prevent ive ma intenance , howeve r ,  in facili ties 
where flammable due t is a problem , maintenance to prevent igni tion sources 
assumes greate r importance . Problem a it.e a  a re bea rings , belts , buckets , 
auge r s ,  pulleys ( i ncluding lagg ing ) , tr ippers , motors , dryers , and due t 
col lect ion syatema . Because of poor design ,  howeve r ,  i t  frequently ia 
d ifficult to conduct e ffective maintenance . He ad pul ley gea r boxes may have 
no wor k platform a round them , ta i l  pulley bea r i ngs may be in an unl ighted 
boot pit next to a wall , and lege and e nclosed conveyors may not have 
inspection porta a t  critical locations . Recognized problem a i tea and 
maintenance a reas mua t be made access ible through the uae of platforms , 
removable sections , and hinged porta that can be uaed by a mechanic (and 
poss ibly a helper ) who may have tools in both hands . Dryers fue led by 
propane or bu tane , which a re heavier-than-a i r  gaaea at  r0011 temperatu re , can 
be part icularly hazardous . Le ake i n  fuel l inea can spread a layer of highly 
flammable , transpa rent gas throu ghou t the lowes t pointe in  a plant . 
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Recommendations for the disposal o f  collected dua t are ce rtain to 
cre ate vigorous reaponaea from industry , labor , and governaent . Aa baa been 
noted before , the question of returning the dua t  to the grain a tream ia the 
point a t  which safety and economics can caae directly into confl ict . Several 
aapecta of the economic problem were cons idered by the panel , rang ing from 
total cleaning of the grain to re-i ntroduction of the collected dua t into the 
grain stream . A properly des igned and operated dua t  collection ayatem 
col lects only those dua t granu les that became a irborne . The amount of duat 
of thia a ize pe r  buahel of gra in,  al though a a��all pe rcentage , can change 
radically from crop to crOP , aeaaon to aeaaon, and gra in type to grain type . 
It the refore ia difficult to predict the economic impact of disca rding the 
col lected dua t other than that the re ia  aaae losa involved . Af te r  
cons ider ing and weighing all factors , the pa ne l  ba a  concluded that much more 
a ttention mua t be g iven to the method by which dua t ia re-introduced into 
the grain a tream and ita e ffect on downs tream elevators . (The panel baa 
aeen one part icularly bad example in which dua t collected on the ups ide waa 
del ive red d i rectly into the downs ide of an elevator leg � )  

Thia confl ict between aafety and economics can be resolved i f  the 
industry will aaaume the respons ibil ity for developing and demons trating a 
method foe re-i ntroducing collected duat that w ill not increase the explosion 
hazard above that resul ting from disposal of the duat . Me thode of 
re -i ntroducing dua t and poss ible alternative uaea of dua t  that would leaaen 
the incentive to return it to the grain s tream are diacuaaed below. 

RESEARCH 

Du at Control 

Re oommenda tiona 

Continue resea rch on me thode 
for re ducing the dua t concen­
tration in lega to a level 
below the lower explosive l imit . 

Continue research on methode 
of reducing dua t  concentrations 
bel ow the l ower explos ive l imit 
in enclosu res othe r than lega . 

Conduct research to deve lop 
economic uaea for collected 
gr a in dua t .  

Ef ficacy 

M 

L 

L 

Feas ibility Eff iciency 

B B 

M M 

M B 

In cmformance with aame of i ta other rec�ndationa , the panel 
bel ieves that resea rch a imed at reducing the dua t concentration in enclose d 
areaa w il l  produce the greatest decrease in  the explosion haza rd . Thua , i t  
bel ieves that resea rch ahould be d irected at developing thorough understanding 
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o f  the movement o f  grain from the boot t o  the discha rge spout and of the 
a ir fl ow  needed in  the e nclosure for an e ffective dus t control a ya tea . Other 
topics such aa bucke t mate rial  and design ,  belt aaterial and design ,  and 
pl acement of inpu t  and output openings also should be examined . - The a im of 
the resea rch should be twofol d a  to identify reasonable modi fications that 
can be made in existing elevator legs and to deve lop the opt imum des ign for 
legs in new facilitie s . Incl ined bel t conveyors , because of the ir  le ngth ,  are 
not a lwaya sui table replacements for legs . Their capital and ope rating coats 
are greater than those of legs and they requ ire a horizontal apace that aay 
not be ava ilable . 

The problem with other enclosu res ia differe nt from that with legs s ince 
i t  involves the release of dus t  from a fal l ing grain s tream . This was amply 
demonstrated to panel members who observed barge loading . When the end of 
the loading spout was kept level with the su rface of the gra in no dust 
appea re dr when the spout was a few feet above the grain cons iderable dust was 
released into the a i r . Resea rch in  this a rea should focus on identi fyi ng 
methods for preventing dus t from becoming a irborne when filling an enclosure 
and collecting the dust that may become a irborne . The latte r  tas k ia 
canpl icated by the fact that moa t dus t collecticn ayate• can serve aa •sneak 
pa ths •  for transmitting explos ions from one enclosure to anothe r .  Bence , 
s everal smaller dus t control ayatema may be pre ferable to a large ayatem . 

The use of grain dus t for pelletized aniaal feed dcea not requ i re 
a dd it ional resea rch , only economic development . The few pellet mills already 
in  exis tence can sel l all they produce and portable mi lls can service small 
e levators having onl y relatively small amounts of dus t .  I f  the economic 
value of dus t can be increased , the coats of dus t  collection will become much 
more acceptable and the tendency to re turn dust to the grain will decrease . 
Information on the present dispos i tion of collected dust , the amounts 
col lected by elevators of various s izes and locations , and the coat of 
transporting dust ia needed . 

Re search also s hould be conducted to answer such questions aa : Bow 
clean ia clea n? Ia i t  dange rous i f  the dus t  layer on the floor ia deep enough 
to show footpri nts? Will a primary explosion disperse enough dust  to cause a 
seconda ry explos ion i f  the floor layer is  1/8 i n .  thick or 1/16 i n .  thick or 
even smaller? Bow much dus t will adhe re to ccncre te walla? Bow well  will 
va rious thicknesses of dus t propagate a flame? No single answer to these 
questions will be appl icable to all e nclosures in  elevators and mills . 
Howeve r ,  expe riments conducted unde r rigorous , well  de fined conditicna can 
e stabl ish meaning ful reasonable upper or lower bounds . 

As noted previous ly,  the bu rden of resea rch on safe ways to 
re -i ntroduce dus t i nto the grain s tream and the proof of the ir e fficacy 
should fal l upon the indus try . US i ng the values previousl y  mentioned in thi s  
re port o f  1 3 , 0 00 tons of dus t  collected from a large elevator in a year ' s 
time , with the value of grain about $150 /ton and the value of dus t (for 
pellets)  of abou t  $5 0/ton, i t  ia easy to see that there ia a difference of 
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abou t $1 , 00 0 , 00 0  invol ved . 'l'hia ahould provide aaae incent ive for the 
re search . On the other hand , i t  dcea aeem incona iatent to place a large 
elevator in jeopa rdy to recove r two thi rda the grain value of a irborne c:Juat , 
which may amount to onl y a fraction of a percent of the grain handled . ( A  
reccmmendation applying to thia topic ba a  al ready been made . See page 55 . )  

Re aearch on the appl ication of a aubatance to grain to inhibit the 
formation of dua t ia now in progrea a .  The reaulta are too prel imina ry for 
the panel to make any recommendation on the subject . 

Ignition Sou rces 

Re oommenda tion 

Investigate the e ffect of 
e lectrostatics and humid ity on 
the explos ion haza rd , includi ng 
a n  e xamination of conveyor belt 
conductivity and the cha rg ing of 
u ngrounded conductive a tructu re a .  

Efficacy 

L 

Feas ibil ity Efficiency 

M L 

Moat of the i gn ition aourcea i n  elevators and mille a re self-evident 
and the reaaona for the i r  occu r rence a re not myate rioua . The one exception 
i a  e lectrostatic d ischarg e .  Two research topica a re involved:  the build-up 
of elec tros ta tic cha rgee on conveyor belta and other poorly conducti ng 
mate r i als and the accumulation of a tatic chargee on grain and grain duat . 

'l'hia work ahould encaapaaa a number of diffe rent topica . Those readily 
appa re nt a re :  ( 1 )  the a tatic charg ing and re lease characteristics of 
conveying belta of va rious materials and va rious conductivities , (2)  the 
potential for build-up of chargee i n  dua t  clouda in ailos , bina , garners , and 
othe r enclosu res , ( 3 )  electros tatic phena�ena occurring in pneumatic aya te• 
c onve ying dua t and grainJ  (4 ) e lectrostatic conditione in lega ua ing metal 
bu ckets and ua ing plastic buckets of va rious conduct ivitie s , and ( 5 )  the 
e ffect of a tmosphe r i c  conditione on the bui ldup of chargee and on the energy 
needed to i gnite grain c:Juat . 

Among the a ima of wor k done concerning topic 5 ahould be to eatabl iah 
the facta concerning the dange r of low relat ive humidity and low absolute 
humidity .  (The e ffect on the expl os ion hazard due to agglutination of 
laye red dua t resulting from high humidity baa neve r  been examined. ) Othe r 
factors to be cons idere d  a re diffe re nces in  electros tatic properties for 
di ffe rent typea of c:Jua t and the baa ic electrostatic characte ristics of 
gra in-handl ing machinery ( i .e . , when the machinery ia operating but no grain 
ia be ing handled) . Cons iderable thou ght and ca re ahould be given to the 
dea ign of experiments in thia a rea a ince electrostatic phenomena in 
indus trial locations a re ao elus ive and ephemeral . The reaulta of thi a 
re search obviously ahould be accaapanied by recommendations for the 
el imination of any elec tros tatic haza rds uncovered . 
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FUTURE FACILITI ES 

Re commendations Efficacy 

Treat the avoidance of duet L 
e xplosion haza rds aa an initial 
des ign crite ria in the cons truction 
of new m ille and e levators and the 
modi fication of existing s tructu re s . 

Examine the overall functions of L 
mi lle and elevators to develop a 
t otally new a ya tem leaa subject to 
the haza rds of due t explos ions . 

Feas ibility Efficiency 

M M 

B B 

The first recommendation on the des ign of futu re facilities requ ires 
l ittle diaeuaa ion . New facil ities should be des i gned to incorporate adequate 
due t control , to avoid duet generating operations , to facili tate housekeeping , 
and to be wel l  vented . Des ign crite ria should re flect these concerns ao they 
a re not cons idere d  only a fter the f inal des ign ia completed when any changes 
becaae expena i ve . 

One problem to be cons idered in the des ign of elevators and mille ia 
the •re apona e •  of the facil ity i f , for acme reason , there ia a prima ry 
e xplosion. Th ua , des ign cr i teri a should cons ider the isolation of a itea 
where primary explos ions may occu r from those that may produce seconda ry 
e xplos ions . The uae of outs ide lege , pressu ri zed electr ical vaults ,  and 
isolated dryers are examples tha t  readily come to mind . 

Conservative des ign haa been the rule in the grain-handl ing industry 
and al though moa t new elevators and mUla incorporate advances in technology 
(e . g . , television surve illance , electr i cal interlocks , and due t collection 

ayatema ) ,  they still handle and proceaa grain in fundamentally the aame manner 
a a has been uaed for the paa t 10 0 years . A a tudy of the functions of 
elevators and mille (e . g . , grindi ng ,  blending , and storing of grain) i a  . 
needed to serve aa the baa ia for totally new elevator and mil l deaigna that 
will reduce the explos ion haza rd wi thou t  decreas ing e fficie ncy or increas ing 
costa ,  both capital and ope rating . Th ia s tudy should be limited only by the 
fact tha t grain mua t  be transported from the fa rm to the ultimate eonawaer 
w ith var i ous processing operations occurring along the way . The rapid 
increase in grain production in the paa t 20  to 25 years , in a broad aenae , 
ch anged the function of elevators from s torage facil ities to surge tanka in a 
pipel ine . The gradual evolution of elevators to accommodate thia change 
u nfortunately car ried along the haza rdous featu res and , in aome caaea , 
intens i f ied them . Cons ide ring that the grain-handl ing indus try accounts for 
more explos ions than any other s ingle industry , it would seem worthwhile to 
re-examine the ent ire grai n-handling proceaa . 
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GOVERNMENT REGULATIONS 

Re commendations for actions by governments a t  any leve l--federal , a tate ,  
or local--in JDattera of haza rd reduction cannot be ignored , e specially in 
caaea pertaining to empl oyee safety . Gove rnment regulations applying to 
grain-handl ing facilities a re no di ffe rent in pu rpose than those applying to 
other induatr i ea having aafety problema : they a re intended to point out 
atate-of-the-art practices that wil l provide a aafe working environment and 
they aerve aa •1 awa• whose willful violation will reault in punishment that , 
in tur n ,  will convi nce other poaa ible violators not to follow the aame path . 

Gr ain i ndus try and government understanding of aafe operating practices 
in elevatoca and ailla ia minimal . Al though la rge grain corporations will 
d isagree vigorously with thia point , the re a re l iterally thouaanda of 
elevators and mille operating aa independent entities whose understanding of 
the hazard ia at bea t l imited to a knowledge that elevator expl os ions a re 
fueled by grain duat . The federa l ,  a ta te , and local occupational safety 
e nforcement agenc ies a re in no better pos ition to decrease the dua t expl os ion 
ha za rd for a numbe r of reaaona . Firat , there a re no regulations that appl y 
speci fically to e levators and mille . Second , the protection of elevators and 
mi lle from explos ions ia only a amall portion of the ir  respons ibil ity and , 
consequently,  they have allocated onl y a amall port ion of the ir a ta ff ' a  t ime 
and e ffort to the problem . (The maj ority of contacts between indus try and 
s afe ty enf orcement agenc ies occur e ither a fter the fact--following an 
explos ion--or du ring infrequent aafety inapectiona . The pane l  waa pr ivatel y 
a ct.ri aed that i n  one a tate the a vailable manpower waa auch that only about 
2 percent of the elevators and mille could be inspected each yea r . ) Third , 
a nimos ity exiata between industry and regulatory agenc ies and ,  whether for 
real or imagined cauae a ,  it ia a hindrance to aafe ty .  

Fortunately ,  aame progreaa i a  be ing made i n  alleviating the contentious 
s i tuat ion between indus try and government (OSHA) . Thia may reau lt in progrea a 
i n  reducing the expl os ion hazard . S i nce thia  panel ' s  formation, OSHA baa 
ta ken two pos itive atepa . Firat , i t  baa developed a training program for ita 
e xpl os ion investigators to enable them to determ ine bette r the •cauaea• of 
explos ions . I f  theae investigators cons ide r  the i r  pr ima ry taa k to be a 
determ ination of cauae , the mys tery a ttached to explosions ahould be reduced 
and better relatione with indus try may result . Second , it conducted a aeriea 
of meetings (New Or leans , Superi or ,  and Kanaaa Ci ty) in 1 9 80 on haza rds in  
grain-handl ing facilities that demons trated ita willingneaa to accept 
i nduatry 'a inpu t .  Incllatry , i tself , c ited the need for performance a tandarda 
at theae mee tings . It  ia , however , too early to aaaeaa the reaulta of thia 
e ffort . 

Appendix D cona iata of a report on recommended atandarda prepared by 
thia pane l ' s  SU bpanel on Recanmended Standa rds and Regula tiona . Tha t report 
a hould be cons idere d aa a beg inning a tep in  formulating atandarda by a 
cooperat ive action between indus try and government . 
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Changing the gra in  grading aystem ao aa to penali ze for the aaount of 
dus t ,  w ith the objective of decreas ing the explosion haza rd , haa often been 
Mntioned . The pane l ia of the opinion that , bea idea •eting cons iderable 
objection from aellera , buyers , and handlers of grain,  the definition of a 
s tandard aolely for thia pu rpose ia iapractical . The only effect would be to 
paaa part of the hazard cost back to the del iverer of  the gra in a ince the 
grain would be accepted , clean or  dua ty . It ia recognized that the return of 
dua t to the grain a tream placea a heavier burden on the downs tream handlers 
of grain and the i r  dua t control aysteaa . A standa rd , baaed on the aaaumption 
that the degree of cleanl ineaa of the grain (aa now del ive red to elevators 
and mille ) ia di rectl y proportional to the aafety of the facil ity ,  ignores 
the hazard due to duat generation i n  the facility .  

Ame r ican Insurance Aaaociation , Specia l Losa Control Bulletin , Ne w  Yor k 
Ci ty ,  N. Y . , 1 9 7 8 .  

Ca nadian Gr ain Ha ndl ing Aa aociation , Fi re and Explos ion Ta ak Force Report 
No.  1 ,  Winnepeg , 197 9 .  

Cybulsk i , w . , Coal Duat Explos ions and The ir Suppreaa iona , NTIS TT 
7 3-570 01 , Rationa l Technical Infonaation Service , Springfield , 
Vi rg inia , 1 9 75 .  

Eckhoff , R . K . , Towards absolute minimum i gnition energ ies for duat 
clouda , Combustion and Flue 2 4  (197 5 ) : 5 3-64 . 

Fi M ,  W . D . , Report of the Collllliaa ion on Health and Safety in  Grain 
Elevatora--Bu r rard Termina l  Fire and Explos ion of Octobe r 3 ,  197 5 ,  
un iversity of Br itish Columbia , va ncouve r ,  1976 . 

Liebman , I . , Carry , J . , and Richmond , K . , a2o Bar riere for SUppreaaing 
Coa l Dua t Explos ions , u.s. Bu reau of Minea , Washington , D .C . , 197 6 .  

Sa fety Consu lting Eng ineers , Inc . , Rosemont , Il linois , Electrostatic 
Characte r i zation of Grai n  Products , prepa re d for the Rationa l  Grai n  and 
Fe ed As sociation , Washington , D .C . , October 1 ,  1980 . 

PalM r , K . N. , Dua t Explos ions and Firea , Chapaan and Bal l Ltd. , London , 
19 73 . 

un ive r s i ty of Southhaapton , England , Study of Static Electr icity on Gr ain 
Conveying Belta , prepared for the Rational Grain  and Fee d Aaaociation , 
Wa shington , D .C . , Novembe r ,  1 9 80 .  
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Appendix A 

RANKING GRAIN ELEVATOR HAZARDS 

The panel , together w ith i ts  l ia ison representatives and othe r 
special ists from the gra in-handl ing indus try , prepared ove r  150  haza rd 
scenarios as the pr imary mechanism to identify grain e levator explos ion 
ha za rds . A representative group of those scena r ios is  presented s o  that the 
method used by the panel for syateaatically ranking the ir  recamaendations can 
be descr ibed . 

The syatema approach to hazard cantrol , as shown in Fi gu re A-1 , 
requ i res two things--that al l poss ible ha za rds be identified and that thos·e 
i denti fied hazards be ranked for s ign i ficance . The panel rea l i zed that the re 
are more than 150 explos ion haza rds in a grain elevator . However , by 
assuring that scenarios were wri tten for every function or block in  the FPBD 
( Figu re 2 ) , the pane l was confident that they had a low probabil ity of 
ove r look ing any maj or hazard and the reby had a real istic base for preventive 
action recamaendatiana . OYer hal f the scena r ios included he re represent 
actual accidents , and every recCIIIIMndation by the pane l i s  related to one or 
more of these scena r ios . 'l'be re fore , the rank ing me thod i a  baaed on a high 
degree of real ism . 

Each scenario was reviewed for appropr iate preventive actions (PA) by 
experts in the grai n-handl ing indus try , us ing the 3 5  di ffe rent codes in 
Fi gure A-2 aa a s timulus to cons ider a w ide range of poss ibilities . The 
appl icable code for each preventive action ia shown unde r the PA CODE Column 
for each scenario ( for example , aee Scenario No . 11 with i ts fou r proposed 
preventive actions) . A cos t waa the n estimate d  for each preventive action . 
Even though seve ral preventive actions were proposed for each haza rd 
scena r io ,  the panel did not always e lect to approve al l such actians for 
implementation. Those actions s hown with an • x •  in the APPROVED PA column 
were chosen for implementa tion , and the cumulative costa of those actions are 
l is ted aa CUMULATIVE PA COSTS . The panel then judged the haza rd control 
potential for each scenario aa descr ibed i n  Chapte r 6 by averaging onl y those 
preventive actions approved for implementation. 

Once these atepa were caapleted , eve ry scenario could then be judged 
aga ins t  the three crite r ia in  Fi gu re A-3 : seve r i ty (codes A through D) , 
probabil ity (codes J through M) , and control resources (codes P through S) . 

Once each scenario had i ta 3-letter code , i t  was placed in the Ha za rd 
Totem Pole of Figu re A-4 to dete rmine its s igni ficance among all other 
scena rios . The hazard s ign i ficance code ia the numbe r oppos ite each 3-le tter 
code in the Pole , e . g . , the code for CIP ia 1 9 .  ( Por an explanation on the 
canstruction of the ordering of the 3-letter  code in the Totem Pole , aee 
Grose 197 2 . ) 

6 3  
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To illus trate th e  proces s , Haza rd Scenario No .  1 1  in this appendix has 
four proposed preventive actions . The panel selected only 2 of the 4 for 
imple•ntation . 'lbe cumlative coa t of these two was *7 , 00 0 .  'lbe overall  
potential for controlling that part icular scenario when only imple•nting 
preventive actions 1 and 4 was judged to be �diua . • Even though this 
scenario is ranked high on the Ha zard Totem Pole (s ign i ficance code 6 ) , the 
pane l did not cons ider i t  reasonable to imple•nt preventive action 3 (which 
would have raised the control potential to •high• ) for an additional $10 0 , 0 00 
in an old country elevator . This should clearly show that hazard control 
potential and hazard s ign i ficance a re totally independent of one another .  

Whe n  al l the scenar ios had been ranked i n  the Pole , the panel 
determined which preventive actions s hould be reccaaended , baaed on the aoat 
coa t-e ffective use of resou rces to eliminate or control explos ions . Starting 
w ith thoae acenarioa at the top of the Pole , the specified preventive actions 
became the panel ' a  highes t rec�ndationa . Proceeding downwa rd in  the Pole , 
there ia  a point where i t  ia no longer prudent to continue inveat.nt--e ither 
because control resources uy have bee n expended or the reuining r is k  ia 
acceptable . That point ia s hown in Fi gure A-4 aa a cutoff .  

The pane l  ' a  rec�ndationa for preventive actions were governe d by 
this approach , and i t  can be used by thoae respons ible for safety in  
elevators and mills in  developing , evaluating , and imple•nting cor rective 
actions . 

REPEREICES 

Groae , v. L .  Systems Safety i n  Rapi d Trans it ,  lllller ican Society of Safety 
Eng ineers Journal , 17 ( 8 )  (19 72) a l8-26 
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THE SYSTEMS APPROACH DEMANDS BOTH: 

GLOBAL PERSPECTIVE (To identify all problems) 

AND 

RANKED PROBLEMS (To enable effective decisions) 

FIGURE A- 1 Systems approach management . 

0\ 
Ul 
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PA Code 

1 PERSONNEL Se lection - Cr i ter i a  
2 PERSONNEL Selection - Me thods 

6 6  

3 PERSONNEL Tr aining - New Empl oyee Indoctr ination 
4 PERSONNEL Tra ining - In-Service Courses , Hazard Education 
5 PERSONNEL OUal i fication Va lidation - Formal Examination 
6 PERSONNEL Qualification Val idation - Informa l Per iodic Review 
7 PERSONNEL Supervi s ion - Job As signMnt Ve rsus Sk ill Le ve l  
8 PERSONNEL Supervis ion - Assurance of Wor k Effectiveness 
9 PHYSICAL FACILITIES Des ign - Layout/Ar rangeMnt/Modification 

10 PHYSICAL FACILITIES Des ign - PUnctional capacity 
1 1  PHYSICAL FACILITIES Operations - Re l iability/Operabil i ty of FUnctions 
12 PHYSICAL FACILITIES Operations - Sequencing/Schedul ing of !Unctions 
13 PHYSICAL FACILITIES Ma intenance - Techniques 
14 PHYSICAL FACILITIES Maintenance - Inspection 
15  ADM[ NISTRATION Pol icies - Non-Ex istent or  Inadequate 
16 ADMINISTRITION Pol icies - Res tr ict ive Scope 
17 ADM[ NISTRATION Procedures - Operational 
18 ADMINISTRAT ION Procedu res - Ju r isdictiona l  
19 EQUI IMENl' FUnction or Design - Ut ility or Phys ical Characteristics 
20 EQUI PMENT !Unction or Des ign - PUnctional capabil i ty 
21 EQUI BMENl' Operational Pa raMters - FUnctional Re l iability 
2 2  EQUI PMENT Operationa l  Parameters - Human Operator P.actors 
2 3  EQUI BMENl' Ma intenance - Availabil ity of FUnction (downtiM factors ) 
2 4  EQUI PMENT Maintenance - cal ibration 
2 5  ENIJIR<HotENl'AL ASPECTS Gove rnment Requ ire•nts - OSHA 
2 6  ENVIRONMENTAL ASPECTS Governaent Requ i re•nts - DoA 
2 7  ENIJIR<HmNl'AL ASPECTS Gove rnment Requ ire•nts - EPA 
2 8  ENVIRONMEN"l'AL ASPECTS Socia l - Loca l  ec.munity 
2 9  ENVIR<HotENTAL ASPECTS Social - Gra in Industry Organizations 
3 0  ENVIRONMENTAL ASPECTS IAtgal  - Tor t Law 
31 ENVIR<HotENTAL ASPECTS Legal - International AgreeMnts 
3 2  ENVIRONMENTAL ASPECTS Politica l - IAtgislative Action 
3 3  T ECHNOLOG ICAL ASPECTS Research 
3 4  TECHNOLOGICAL ASPECTS Development 
3 5  ECOlD4I C ASPECTS Gr ain Du st 

FIGURE A-2 Ha zard preventive action codes .  
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llaaa rd Seve r i t y  

laaard &I fac t Oft &Ifact oa E f fec t oa 

� lever t t y  lle•ator Objec t ive• Junc t ional Capobi l i t y  Peroonne l Sofety 

• Cataot rophtc foul loeo of produc t vi th no Phyoicol plant io de o t royed lle•otor • .,loy••• • byot ODde ro , 

....... . Al l  cuot - r  or d ... a•d beyoad e f fec t i •• or o t he ro o re ki l led • 
Hniceo teniu ted uoe . 

I Crt t tcol Majority of produc t loot . Two or 80re func t i on• ore Major tnj urieo occur to 
Oft l y  par t i o l  oolova• poooi ble . d i oobled ; • l••otor .uot be • ., loy••• or byotaadero . 
Cuot ... r oenicH reduced to ohut � .  
1- leve l .  

c llo rainal Oftly 751 o f  produc t io ool- Te.,orary dioruption of Minor i nj urieo occur to 
••a•ble . Groin Hrviceo o re e l•••tor f unc tiono; nono l  •8Ployeeo o r  byot .... ro. 
po .. tbl• by t.,ro•ioot toa . ope rot lono COD be reotored 

ill 1 day . 

D •aUatble llo o i tn i f i cont e f fec t oa llo apparent d..... to llo apparent ban to .., 1., ... 
produc t or oervice to e levotor ope ro tton . or othe ro . 
cuot - ro . 

Hoaord P robobi l i t y  

� De oc r l_2t 1 CIIIl of S t tuati CIIIl 

J 1M tden t t f ied haaord oceurto could occur on the •••r•a• of once a weir. . 

I Tho i den t i f ied hoaord oceur to. could occur oa the •••r•a• of oace • - t h .  

L 1M tdeat i f ied hoaord OCODorio could occur 011 tho over•a• o f  once • yeo r .  

" • tdent t f ted hoaord ocenorio could occur on tho over•a• of once • decode . 

llaaord l l t�utioa Coat rol leoourceo 

IU* Calclllatod DDllar lquhalODce (Volue of all reoourceo roqutred to eltber e l hdnote or coat rol tbe 
t ... t l f i ed  haaord ocenorto ; re•toioa of pol ic y ,  procedureo, .... p� r ,  dollero , techllolotJ , fac t l t t teo , 
.. ter ta lo ADd ochedule . )  

• PrevOD t ive oc t toa for tho i dOD t t f ted haaord will require 1••• than $2 ,500. 

Q PnYellt he oc t ton for the ldent i f ted baaard vtll requi re bet wen $2 , 500 ODd $50 ,000 . 

• Preven t i ve  ec t ton for the tdOD t t f t ed  haaard vl l l  re4tulre he twen $50,000 and $250 ,000. 

s P re,.nt h e  ec t loa for the l dent l f ied haaord vU l req u i re 80re thea $250,000. 

FIGURE A-3 Hazard scenario ranking criteria . 
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FIGURE A-4 Hazard totem pole . 
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PUNCTIONa Elevate Grai n  Load 

HAZARD SCENARIO D!'SCRI PTIONa 

6 9  

SCENARIO NO . 1 
PPBD NO .  1 0 , 
14 , 2 0 ,  2 7  

At a small country e levator a p iece o f  tramp metal in a grain l oad i s  dumped 
into the pi t and to a • ta l  bucke t leg . The •tal becaaes wedged in the boot 
area and the metal buckets rub aga inst i t .  The buckets heat the tramp metal 
by fr iction and this  ignites the dus t in  suspens ion in the leg . The explos ion 
ruptu res the leg cas ing but i t  is not susta ined for lack of fuel in the 
sur rounding environment . 

PRCPOSED PREVENTIVE ACTIONS 1 

1 .  Install magnet a t  point where all tramp metal would be picked up be fore 
enter ing the leg . 

2 . In stall heavy screening in  conjunction with the grate to halt the flow 
of tramp

· 
•tal . 

3 . In stall plas tic buckets on the leg belt .  

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POTENTIAL 

High 

PA CODE 

9 

9 

9 

CUMULATIVE 
PA 
COSTS 

.3 , 500 

HAZARD 
SEVERITY 
CODE 

8 

TOTAL COST OP PA 

• 2 , 000 

1 , 500 

10 ,000 

HAZARD 
PROBABILITY 
CODE 

M 

HAZARD 
RESOUBCE 
CODE 

Q 

APPROVED PA 

X 

X 

HAZARD 
SIGNIFICANCE 
CODE 

37 
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FUNCTION s Transpor t Grain to IAtg 

HAZARD SCENARIO DPSCRI PTIONs 

7 0  

SCENARIO NO .  2 
PPBD NO . 2 6 

At a dirty interior sub-terminal e levator , the head pulley on belt conveyor 
works looee on shaft and aoves ove r  aga i ns t  the s ide of the cas ing creating a 
s hower of sparks that ignites a dus t cloud over the conveyor discharge . Th is 
initial ignition propagates sel f  throughou t hea4house and gallery . Elevator 
virtually destroyed , several casualties and ccaplete loas of grains . 

PROPOSED PREVENTIVE ACTIONS s 

1 . Ea tabl ish a preventive maintenance program des igned to pol ice equipment 
for prope r functioning . (new function) 

2 . Ea tabl ish per iodic housekeeping inspection parameters . (new function) 

3 .  l!lltabl iah housekeeping system involving a •chanical dus t collection 
system supplemented by manual means . 

PREVENTIVE ACTION (PA) DISPOSITIONs 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POTENTIAL 

High 

PA CODE TOTAL COST OP PA 

13  

14  

17  

CUMULATIVE 
PA 
COSTS 

$1 5 , 000  

$ 15 , 0 00 (total coat 
of PA nos . 1 ,  2, 3 )  

H AZARD  
SEVERITY 
CODE 

A 

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RESOURCE 
CODE 

Q 

APPROVED PA 

X 

X 

X 

HAZARD 
SIGNIPICAICE 
CODE 

13  
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PUHCTIONa Move Grai n  Load into Selected Storage Bin 

HAZARD SCENARIO DJ!'SCRI PTIONa 

SCENARIO NO .  3 
P!'BD NO .  1 1  

Th is is  a d irty export e levator . A new conveyor was added to service new 
storage bins . 'l'he frue of new conveyor not attached to existing system 
thereby not grounded . As tripper f ills b in ,  a billow of dus t reaches the 
ignition leve l which is ignited by s tatic electr icity from ungrounded frame , 
arc ing to grounded frame . 'l'he pr i11ary explos ion propagates sel f throughout 
headhouae and gallery . Elevator des troyed , casualties resul t and inventory 
l aa t .  

PRCPOSBD PREVENTIVE ACTIONS 1 

1 .  Ground al l conveying and e lectrical equ ipment . 

2 .  Inspect systea during construction . 

3 .  Ins tal l  dus t collection system on tr ippers . 

4 .  Es tabl ish a housekeeping program involving a mechanical dus t collection 
system aupple•nted by 11anua l •ana . 

PREVENl' IVE ACTION (PA) DISPOSITION& 

PA NO. 

1 

2 

3 

4 

HAZARD 
CONl'ROL 
POTENTIAL 

High 

PA CODE 

19 

14 

10 

13  

CUMULATIVE 
PA 
COSTS 

.2 01 , 10 0  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OP PA 

• 500 

600 

3 5 ,000 

16 5 , 0 00 

HAZARD 
PRcmABI LITY 
CODE 

L 

HAZARD 
RESOURCE 
CODE 

R 

APPROVED PA 

X 

X 

X 

X 

HAZARD 
SI GNIPICA!CE 
CODE 

22 
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7 2  

!'tJICriON: Mcwe Grai n Load into Selected Storage Bin 

HAZARD SCENARIO DESCRIPTION:  

SCENARIO NO. 4 
PFBD NO .  11  

Th is is a clean export house . Dust accumulated under conveyor belt produces a 
fr iction fire . Burning dus t ignites dus t cloud . As elevator is clean , dallage 
i s  isolated . Du st source traced to inadequate dust col lection on trippe r .  

PROPOSED PREVENTIVE ACTIONS : 

1 .  Es tabl ish a housekeeping program involving a mechanical dus t collection 
system supplemented by manual means . 

2 .  In stall reclaiming device a t  tail pulley.  

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 
1 
2 

HAZARD 
CONl'ROL 
POTENTIAL 

Hi gh  

PA CODE 
13 
19  

CUMULATIVE 
PA 

HAZARD 
SEVERITY 
CODE COSTS 

.2 2, 0 00 c 

TOTAL COST OP PA 
• 2 0 ,000 

2 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

L 

HAZARD 
RESOUICE 
CODE 

Q 

APPROVED PA 
X 
X 

HAZARD 
SIGNIPICA!CE 
CODE 

40 
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FUNCTIONs Elevate Grai n  Load 

HAZARD SCENARIO DESCRIPTIONs  

73  

SCENARIO NO. 5 
P!'BD Ill . 10 , 
14 , 2 0 ,  2 7  

In a large , clean interior sub-te�inal e levator , a bucket on t he  leg rubs 
against leg cas ing caus ing fr iction and heating which ignites dus t cloud , 
blowing out cas ing . NO furthe r  daaage . 

PROPOSED PREVENTIVE ACTIONS s 

1 .  Conduct r igorous preventive aaintenance , especially on all parts of 
bucke t elevators . 

2 . Install plastic buckets . 

3 . Us e  motion sensors to indicate bel t  s lippage and misal ignment . 

PREVENTIVE ACTION (PA) DISPOSITIONs 

PA NO. PA CODE TOTAL COST OP PA APPROIJED PA 
1 13 • 6 , 000 X 
2 9 10 , 0 00 X 
3 20  4 , 000 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD HAZARD 
CONTROL PA SEVERITY PROBABILITY RESOURCE SIGNIPICAICE 
POTENTIAL COSTS CODE CODE CODE CODE 

High $16 ,000 c L 0 4 0  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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PUNCTIONa Transpor t Grain to IAtg 

HAZARD SCENARIO DPSCRI PTIONa 

7 4  

SCENARIO NO .  6 
PPBD NO .  2 6  

This i s  a small , d irty country e levator . Contractor wor k ing i n  tunnel . 
Molten me ta l  falls into dust . Personne l leave for lunch . Molten metal i n  
grain dus t produces flame resulting in  dust explos ions (no dust control ) 
propagating throughou t facility .  Elevator substantially des troyed , no 
i njuries and total loss of inventory . 

PROPOSED PRBVEN'l'IVE ACTIONS : 

1 .  Us e  a pre-establ ished and enforced perait procedure whenever welding , 
cutting ,  or othe r open flame wor k is to be done . 

2 . Qu antify housekeeping s tandards for cleanl iness in grain-handl ing 
facilities to prevent fires and explos ions . 

3 .  Es tabl ish a housekeeping program involving a mechanical dust collection 
system supplemented by 11anua l •ana . 

PREVENTIVE ACTION (PA) DISPOSITION : 

PA NO. 

1 

2 

3 

HAZARD 
CONTR<X. 
POTENTIAL 

Medium 

PA CODE 

17 

34 

1 3  

CUMULATIVE 
PA 
COSTS 

as , soo 

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OP PA 

• 50 0 

s , o oo 

10 0 , 000  

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RBSOUBCE 
CODE 

0 

APPRCJIIED PA 

X 

X 

HAZARD 
SIGNIPICAR::E 
CODE 

13 
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PUNC'l'IOl h 0\load Grain vehicle 

HAZARD SCENARIO D!SCRI P'l'IONa 

7 5  

SCENARIO NO .  7 
FPBD R:> .  8 

This is  a small , dirty country elevator . A truck bas ca.pleted unl oading . In 
dusty environment , the truck backfires when s ta rted and ignites grain due t  and 
produces exploaiona throughout the e levator . Total des truction, several 
casualties and caaplete lees of inventory . 

PRCPOSED PREVENTIVE ACTIONS 1 

1 .  Es tablish and enforce a procedure whe reby trucks are s tarted only a fte r 
signal is given to indicate that due t concentration is  abated.  

2 .  Qu anti fy housekeeping s tandards for cleanl iness in grain-handl ing 
facilities to prevent fi re s  and exploa iona . 

3 .  Es tabl ish a housekeeping program involving a mechanical duet collection 
eyatea eupple•nted by manua l •ana . 

PREVENTIVE ACTION (PA) DISPOSITION a 

�· 
1 

2 

3 

HAZARD 
CONTROL 
POTEN'l'IAL 

Mediua 

PA CODE 

17 

3 4  

1 3  

CUMULATIVE 
PA 
COSTS 

• 5 , 500 

HAZARD 
SEVERITY 
CODE 

A 

'1'0'1' AL COS'l' OF PA 

• 50 0 

s , o oo 

10 0 , 000 

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RESOURCE 
CODE 

0 

APPROVED PA 

X 

X 

HAZARD 
SIGNIFICANCE 
CODE 

13 
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FUNCTION : Unloading Grain 

HAZARD SCENARIO DESCRIPTION& 

7 6  

SCENARIO NO .  8 
!'PBD R> .  8 

We lding is  being done on a new truck dumping hoist in a 2 , 000 , 000 bushel 
country elevator dump pi t shed . Brackets are added and re11oved , bu t  welding 
i s  s topped when trucks are dumped . In the Manti.M , the pit is  protected with 
a tarp . A truck is dumped shortly afte r several brackets are cut with a 
torch . One piece is  j ol ted off a bea11 whe re i t  was placed by the welder .  It 
falls into the truck unnoticed and i s  car r ied to the boot . A smolder ing f i re 
s tarts and is  car ried up the leg , s tarting a spreading flaM . Explos ion 
occurs in the leg . 'l'be leg is  des troyed but no seconda ry explos ions occu r . 
The e levator was noted for being exceptionally clean and virtually free of 
laye red dust . Dallage was li11ited to replacing the le g cas ing . One e11ployee 
re ce ived minor burns . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Us e  a pre-establ ished and enforced per11it procedure whenever welding , 
cutting , or othe r open flue wor k is to be done . 

2 .  Conduct r i gorous preventive maintenance , especially on all parts of 
bucke t elevators . 

PREVENl'IVE ACTION (PA} DISPOSI TION & 

PA NO. 

1 

2 

HAZARD 
CONTRCL 
PO'l'EN'l'IAL 

High 

PA CODE 

17 

13 

CUMULATIVE 
PA 
COSTS 

$5 00 

HAZARD 
SEVERITY 
CODE 

c 

TOTAL COST OF PA 

• 500 

6 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

M 

HAZARD 
RESOOICE 
CODE 

p 

APPROVED PA 

X 

HAZARD 
SI GNI!'ICAII:E 
CODE 

41 
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FUNCTIONa Clean Grai n Lot 

HAZARD SCENARIO DI!'SCRI P'l'IONa 

77  

SCENARIO NO. 9 
Fl"BD 11) .  18 

This is  a clean e xport e levator . Tr amp aetal in grain sent to cleaner causes 
spar k which ignites grain dust ,  resulting in an explos ion .  Shake r aate r ially 
des troyed but no further damage . 

PROPOSED PREVENTIVE AC'l'IONS a 

1 .  Us e  devices to extract fore ign aater iale from the incoming grain s tream .  

2 .  Control due t generation and airborne dus t at  al l grain trans fe r and 
d ischarge points . 

PREVENTIVE ACTION (PA) DISPOSITION a 

PA NO. 

1 

2 

HAZARD 
CONTRCL 
POTENTIAL 

High 

PA CODE 

9 

20 

CUMULATIVE 
PA 
COSTS 

• 3 , 5 00 

HAZARD 
SEVERITY 
CODE 

D 

TOTAL COST OF PA 

• 2 , 000  

1 , 500 

HAZARD 
PROBABI LITY 
CODE 

M 

HAZARD 
RESOUBCE 
CODE 

0 

APPROVED PA 

X 

X 

HAZARD 
SI GNIFICAte£ 
CODE 

60 
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FUNCTION : Clean Grai n  Lot 

HAZARD SCENARIO DESCRIP'l'ION:  

78  

SCENARIO NO. 10  
FPBD 1«> .  18 

Th is i s  a dirty export e levator . Pa inting in the cleaning gallery us ing a 
high vapor pressure solvent produces fl .... ble vapor cloud which is ignited by 
s tatic e lectric  spark . Reverberations produce additional explc. iona which 
destroy cc.plex . Several casualties and s ignificant lc.a of inventory . 

PRCPOSED PREVENTIVE ACTIONS a 

1 .  Es tabl ish a housekeeping program involving a mechanical dus t collection 
system supple•nted by unua l •ana . 

2 .  Ea tabl iah procedure to ensure diss ipation of vapor cloud . 

PREVENTIVE ACTION (PA) DISPOSITION a 

PA NO. PA CODE TOTAL COST OF PA 

1 13 • 4 5 , 000 

2 1 7  500 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD 
CONTRCI. PA SEVERITY PROBABI LITY RBSOtmCE 
PO'l'EN'l'IAL COSTS CODE CODE CODE 

H i gh  $4 5 , 5 00 A L 0 

APPROVED PA 

X 

X 

HAZARD 
SI GNIFICAICE 
CODE 

13 
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FUNCTION : Elevate Grai n  Load 

HAZARD SCENARIO DBSCRI P'l'ION: 

79  

SCENARIO NO . 11  
PPBD NO .  10 , 
1 4 ,  2 0 ,  2 7  

Th is is  a n  old , dirty country e levator . Le g  belt e levating grain becomes 
OYerloaded and caaea to a complete atop . Bead pulley continues to rotate . 
The mechanic j ogs the e levator attempting to restart the leg . A dus t cloud is 
gene rated and ignited by the a rcing of old , non-Class II Group G switches , 
motors , e tc .  Su bsequent exploe ion destroys all . Th ree casualties and 
complete loes of inventory . 

PRCPO SED PREVENTIVE ACTIONS : 

1 .  US e  motion sensors to indicate bel t  s l ippage and llisal ignMnt . 

2 .  use only equ ipment and standa rds Meting Nationa l  Electrica l  Code 
requirements . 

3 .  Es tabl ish a housekeeping program involving a 11echanical dust collection 
syste11 supplemented by manua l means . 

4 .  Conduct rigorous preventive 11aintenance , especially on all parts of 
bucke t elevators . 

PREVENTIVE ACTION (PA) DISPOSITION : 

PA NO. PA CODE TOTAL COST OF PA APPROVED PA 

1 20 • 1 , 000 X 

2 16  so , o oo 

3 13 10 0 , 000  

4 13 6 , 0 00 X 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD HAZARD 
CONTRCL PA SEVERITY PROBABI LITY RESOURCE SI GNIPICMCE 
POTENTIAL COSTS CODE CODE CODE CODE 

Me dium S7 , o oo A K 0 6 
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80 

FUNCTION: Elevate Grai n Load 

HAZARD SCENARIO DESCRIPTION: 

SCENARIO NO. 1 2  
FPBD NO .  10 , 
1 4 ,  2 0 , 2 7  

This ia  a s•ll , clean country elevator . A ••11 non-Class I I  Group G motor 
is coupled to head pulle y  abaft to move leg slowl y while inspecting buckets . 
Motor not s ized properly and of wrong class which produces a rcing and ignition 
of dus t which is j olted into position by •chanica! shock . Because of lack of 
fuel , f ire burns sel f out in abort period w ith ainiul daaage . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  us e  only equ ipment and ins tallation s tandards Me ting National 
Electr ical Code requ irements . 

PREVENl'IVB ACTION (PA) DISPOSI TION a 

PA NO. 
1 

HAZARD 
CONTROL 
POTENTIAL 

Medium 

PA CODE 
16 

CUMULATIVE 
PA 
COSTS 

Sl , OOO  

H AZARD 
SEVERITY 
CODE 

D 

TOTAL COST OF PA 
s 1 , 000 

HAZARD 
PROBABILITY 
CODE 

M 

HAZARD 
RESOUICE 
CODE 

p 

APPROVED PA 
X 

HAZARD 
SIGNIFICANCE 
CODE 

54 
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FUNCTION : Elevate Grai n Load 

HAZARD SCENARIO DESCRI PTION: 

81 

SCENARIO II> .  13  
!'PBD NO .  1 0 ,  
14 , 2 0 ,  2 7  

This i s  a relative ly new , but d irty, sub-terminal e levator . Elevator leg 
stops . Tr ipped c i rcui t  breake r reset . Breake r tr ips again after a few 
minutes . Al though a mal functioning motor is  suspected , the e lectrician 
removes circuit breake r enclosure cove r to obse rve the ci rcuit breaker 
i tse l f . The breaker is reset and aanually held in place momentarily.  
Meanwhile , flashove r occurs in a dus t lade n a rea which produces subsequent 
expl os ion des troying the bulk of the complex . Several casualties and 
significant inventory loas . 

PRCPOSED PREVENTIVE ACTIONS : 

1 .  Ba tabl ish a housekeeping program involving a aechanical dust collection 
systea supple•nted by manua l aeans . 

2 .  Conduct rigorous preventive maintenance , especially on all parts of 
bucke t elevators . 

PREVENTIVE ACTION (PA) DISPOSI TION : 

�- PA CODE TOI'AL COST OF PA APPROVED PA 
1 13 $15 0 , 000 X 
2 13 8 , 0 00 X 

HAZARD CUMULATI VE HAZARD HAZARD HAZARD HAZARD 
CONTR<L PA SEVERITY PRCEABI LITY RESOUBCE SI GNIFICAI«:E 
POTENTIAL COSTS CODE CODE CODE CODE 

Hi gh  $1 5 8 , 0 00 A L R 22 
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P'UNC'l'ION: thload Grai n Vehicle 

HAZARD SCENARIO DI!SCRI PTION: 

82  

SCENARIO NO . 1 4  
FPBD NO .  8 

This is  an old but clean sub-terminal e levator . ca r  rece iving belt  is  
overloaded and s talled . Slowdown device fa ils to operate and does not abu t 
down the bel t .  The bead pulley spina in be l t  causing burning rubber t o  drop 
into leg boot which in turn causes an explos ion in the leg . Leg explosion 
blows seve ral cas ing panels off aa well  aa the explos ion vent and disables 
leg . No fu rthe r damage . 

PRCPOSED PREVENTIVE ACTIONS : 

1 .  Us e  motion sensors to indicate belt s lippage and aiaaligl\lllent . 

2 .  Use hea t sensors on cr itical bea rings and pulleys . 

PREVENTIVE ACTION (PA) DISPOSI TION& 

PA NO. 

1 

2 

HAZARD 
CONTRCL 
POTENTIAL 

Hi gh 

PA CODE 

20 

2 0  

CUMULATIVE 
PA 
OOSTS 

$9 , 0 00 

HAZARD 
SEVERITY 
CODE 

c 

TOTAL COST OF PA 

• 4 , 000 

s , o oo 

HAZARD 
PROBABI LITY 
CODE 

L 

HAZARD 
RESOUBCE 
CODE 

0 

APPROVED PA 

X 

X 

HAZARD · 
SI GNIFICAICE 
OODE 

40 
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PONC'l'IONa Tranapor t Grain to Leg 

HAZARD SCBHARIO DESCRI P'l'IONa  

8 3  

SCBHARIO NO. 1 5  
FPBD R> .  2 6  

Th i s  is  a n  old , large , dirty country elevator . Roof leak causes grain to 
heat . Monitor ing syatea indicates non-cr itical teJII)erature , but cable fails 
to pick up core beat . Spontaneous cCIIbustion takes place . To save saae 
grain , operator pulls the bin . aarning grain also gets on the belt . Fire 
propagates to tunnel and legboot . Legwell blows and des troys beadbouse . Two 
casualties and same inventory loss . 

PRCPOSED PREVENTIVE ACTIONS 1 

1 .  Conduct r igorous preventive maintenance , especially on all parts of 
bucke t elevator s . 

2 .  Es tabl ish a housekeeping prograa involving a aecbanical dus t collection 
syatell supplemented by ��anua l •ana . 

PREVENI'IVE ACTION (PA) DISPOSI TION a 

�· 
1 

2 

HAZARD 
CONTRCL 
POTENTIAL 

Hi gh  

PA CODE 

13 

13 

CUMULATIVE 
PA 
COSTS 

$1 5 5 , 0 00 

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

• 5 , 000 

150 , 0 00 

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RESOtmCE 
CODE 

R 

APPRCNED PA 

X 

X 

HAZARD 
SI GNIFICAICE 
CODE 

22 
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FUNCTIONs ll'lloed Grain Vehicle 

HAZARD SCENARIO DESCRI PTION: 

84 

SCENARIO NO. 16 
FPBD }II) . 8 

This i s  a modern, sub-terminal e levator . Du st collection s ys tea becc.es 
inoperative . EKplos ive suspens ion of dus t develops in truck receiving tunne l 
and th roughout rest  of e levator . Worker  enters truck rece iving tunnel , turns 
on light switch which activates an a rc in broken light fixtu re . Suspended 
dust is ignited and subsequent explos ions propagate throughout cmaplex . 
Seve ral casualties and s igni ficant loss of inventory . 

PR<POSED PREVElfl'IVE ACTIONS : 

1 .  Conduct rigorous preventive maintenance , especially on all parts of 
bucke t elevators . 

2 .  Es tabl ish a house keeping program involving a mechanical dus t collection 
system supplemented by manua l Mans . 

3 .  Appl y  s tate-o f-the-a rt techniques to reduce the concentration of 
a irborne dus t below the lowe r explos ive l imi t where poss ible in 
e nclosures othe r than legs . 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. PA CODE TOTAL COST OF PA APPRO'IED PA 

1 13 • 8 , 000 X 

2 13  13 5 , 0 00 X 

3 19 5 , 000 X 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD HAZARD 
COH'l'RCI.. PA SEVERITY PROBABILITY RESOUBCE SIGNIFICANCE 
POTENTIAL COSTS CODE CODE CODE CODE 

High $14 8 , 000  A K R 12  
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PUNC'l'IONz Weigh Grai n Load 

HAZARD SCENARIO DESCRI PTION & 

8 5  

SCENARIO Rl .  17 
FPBD Rl .  9 

This i s  a rathe r new export elevator . Scale is  vented to surrounding 
at.osphere in scale room producing dus t concentrations in suspens ion as wel l 
as a large accumulation in scale room. New employee enters this a rea with 
lighted ciga rette setting of f se ries of explos ions th roughou t the complex . 
Seve ral casual ties a nd  a s igni ficant inventory l oss . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Appl y s tate-o f-the-a rt techniques t o  reduce the concentration of 
ai rborne dus t below the lowe r explos ive l iai t whe re possible in 
e nclosu re s  other than legs . 

2 . Es tabl ish a housekeeping program involving a aechanical dus t collection 
system supplemented by manua l means . 

3 .  J!'a tabl ish and enforce •no smok ing• rule . 

PREVENTIVE ACTION (PA) DISPOSITION& 

PA NO. 

1 

2 

3 

HAZARD 
CONTRCL 
POTENTIAL 

High 

PA CODE 

19 

13  

8 

CUMULATIVE 
PA 
COSTS 

$19 0 , 500 

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

• 5 , 000  

18 5 , 0 00 

500 

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RESOUR:E 
CODE 

R 

APPROVED PA 

X 

X 

X 

HAZARD 
SIGNIFICANCE 
CODE 

2 2  
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FUNCTION: Transpor t Grain to JAg 

H AZARD SCENARIO DESCRI PTION: 

8 6  

SCENARIO Ill . 1 8  
FPBD NO .  2 6  

Th i s  i s  a small , old , clean country e levator . A non-pressu r i zed control room 
has an electric heate r .  An adjacent spou t has seve ral leaks causing dus t in 
s uspens ion.  S tatic dust is removed peri odically. The door of the control 
room remains ope n and the heate r ignites the dus t cloud . No seconda ry 
e xplosions occur . Minimal damage sustained in the a rea . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Pressu rize control room . 

2 .  In stall self-clos ing door i n  all r OCIDS  having e lectr ic heaters . 

3 .  Redes ign and re-route spouts . 

PREVENl'IVE ACTION (PA) DISPOSI TION : 

PA NO. 
1 
2 
3 

HAZARD 
CONTRCI. 
POTENTIAL 

Medium 

PA CODE 
9 
9 
9 

CUMULATIVE 
PA 
COSTS 

$2 ,000 

HAZARD 
SEVERITY 
CODE 

D 

TOTAL COST OF PA 
• 1 , 500  

5 00 
10 , 000  

HAZARD 
PROBABILITY 
CODE 

M 

HAZARD 
RBSOO-=E 
CODE 

p 

APPROVED PA 
X 
X 

HAZARD 
SIGNIFICANCE 
CODB 

54  
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rtni:TION : Store Grai n Lot 

HAZARD SCENARIO DPSCRI P'I'ION t 

8 7  

SCENARIO Ill . 19 
FPBD NO. 19  

In a small country e levator , e�loyee is  sent to measure bin .  To check grain 
type and leve l , he drops ungua rded extens ion light bulb down into the bin . Be 
leaves the l ight bulb in the bin when he is cal led away . Additional grain is 
then dumped into the bi n and breaks the bulb which a rcs and ignites dus t cloud 
in the b in .  Th i s  i ni tial expl os ion trigge rs a aer ies o f  explos ions which 
destroy the elevator . 

PRCPOSED PREVENl'IVE ACTIONS : 

1 .  Replace all drop cords with approved f ixtures for Cl ass I I ,  Group G , 
Divis ion I operations . 

2 .  Enforce grain i nspection procedure prohibiting uee of unattended drop 
cords . 

3 .  Requ ire visual inspection o f  all b ins for extraneous equ ipment pr ior to 
loading the bins . 

PREVENl'IVE ACTION (PA) DISPOSI TION: 

�-
1 

2 

3 

HAZARD 
CONTRCK. 
POT!BI'IAL 

High 

PA CODE 

19 

17  

12 

CUMULATIVE 
PA 
COSTS 

$1 , 200  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

• 50 0 

200 

500 

HAZARD 
PROBABILITY 
CODE 

J 

HAZARD 
RESOUBCE 
CODE 

p 

APPRO'IED PA 

X 

X 

X 

HAZARD 
SIGNIFICAICE 
CODE 

1 
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8 8 

FUNCTION: Convey Grain to Des ignated Transportation Vehicle 

H AZARD SCENARIO DPSCRI P'l'ION: 

SCENARIO Ill . 2 0  
FPBD NO .  3 2  

As g ra in i s  being conveyed into a s hip,  dus t accumulates unde r the loading 
belt of an export elevator . As the dus t increases , i t  prevents the return 
roller from turning , the reby deve loping fr iction between the roller and belt . 
The friction sta rts a smal l fire . Employee smells smoke , sea rches for fire , 
but does not s bl t  down conveyor . Fi re eventually ignites dus t cloud at  
discha rge end of  conveyor . This explos ion des trC¥• the loading gallery and 
k ills two e�loyees . 

PROPOSED PREVENTIVE ACT IONS : 

1 .  Es tabl ish a housekeeping program i nvolving a mechanical dust collection 
sys tem suppleMnted by manual Mana . 

2 .  Ap pl y  s tate-of-the-a rt techniques to reduce the concentration of 
a i rborne dus t be low the lowe r explos ive l imi t where poss ible in 
e nclosures other than legs . 

3 .  Re des ign conveyor to reduce vulnerabi lity to dust accumulation . 

PREVENTIVE ACTION (PA) DISPOSITION : 

PA NO. PA CODE TOTAL COST OF PA APPRO'IED PA 

1 13 $10 0 , 00 0  X 

2 19  15 , 0 00 X 

3 20 5 0 ,000 X 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD HAZARD 
CONTRCL PA SEVERITY PROBABILITY RESOU.:E SIGNIFICA.:=E 
POTmn'IAL COSTS CODE CODE CODE CODE 

High $16 5 , 000  A L R 2 2  
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FUNCTION :  Dry Grain  Lot 

HAZARD SCENARIO DPSCRI P'l'ION: 

8 9  

SCENARIO !I> .  21 
FPBD NO. 17 

In a l arge country e levator , eiiPloyee uees a j umper on the dryer controls to 
aain bu rne r to start the burner wi thou t the blowe r running because he cannot 
s tart i t  whi le the blower is on . Dryer catches fire and flame travels up 
spout to leg feeding the drye r .  Because a fire door in the leg head is 
blocked open,  flame enters the leg and ignites dus t cloud . Resulting 
explos ion des trOfs the leg and drye r . No one is inju red . 

PRCPOSE D  PREVENI'IVE ACTIONS : 

1 .  Repl ace or redes ign dryer controls t o  allow burner s tart with blower on . 

2 .  Issue and enforce operating procedure which prohibits shunting of 
controls . 

3 .  Enforce codes on fire door ope ration. 

P�IVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POT EN'l'IAL 

High 

PA CODE 

21 

17  

17 

CUMULATIVE 
PA 
COSTS 

$3 , 700 

HAZARD 
SEVERITY 
CODE 

c 

TOTAL COST OF PA 

$ 3 , 000  

500 

200 

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RESou-=E 
CODE 

APPROIJED PA 

X 

X 

X 

HAZARD 
SIGNIFICAICE 
CODE 

4 0  
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FUNCTION: Dry Grain Lot 

H AZARD SCENARIO DESCRI PTION: 

9 0  

SCENARIO Ill . 2 2 
FPBD NO . 17  

A dryer i n  a mediu� ize country elevator d ischarges grain by an enclosed 
auger onto an open bel t conveyor to an inhouse leg . Drye r overheats , allowing 
s mou lder i ng  grain to be car ried to the l eg .  Employee sees burning grain on 
conveyor , se i zes ABC fire extinguishe r ,  and sprays hot grain on the belt . 
This ext inguisher d ischarge raises a gra in dus t cloud which is ignited by 
smouldering grain . Resulting explos ion destroys tunne l and propagates up the 
e levator leg . The e levator i s  destroyed and two employees a re k il led . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Couple dryer temperature sensor to auger control to shut  down conveyor 
when dryer is overheated . 

2 .  Qu ant i fy and e nforce housekeeping s tandards for cleanl iness . 

3 .  Establ is h procedure for and train employees in handling burning grai n 
including s hu tdown and handling of fire extingu ishers . 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POTENTIAL 

High 

PA CODE 

20 

3 4  

17 

CUMULATIVE 
PA 
COSTS 

$9 , 000  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

$ 2 , 000 

6 , 0 00 

1 , 00 0  

HAZARD 
PROBABILITY 
CODE 

HAZARD 
RBSOUBCE 
CODE 

APPROVED PA 

X 

X 

X 

HAZARD 
SIGNIFICA-=E 
CODE 

6 
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91 

FUNCTIONs Convey Grain to Des ignate d Transportation Vehicle 

HAZARD SCENARIO DESCRI PTION: 

SCENARIO !I> .  2 3 
FFBD !I> .  3 2  

Ra il cars a re being loaded at  a large terminal e levator with grain that has 
been processed with equ ipment that is malfunctioning , making the grain suspect 
o f  cmtaining f ire . The f ire depa rtment has responded to the location of the 
process ing equ ipment . As the bin empties , an updraft enters the bin and 
cre ates a dus t cloud that is  ignited by res idual burning grain in the bin . 
The resulting explos ion destroys the bin and triggers additional explos ions 
that des troy the e levator . Four f iremen and s ix employees a re k illed . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  De ve lop f ire procedure for i ne rt ing bins with suspected f ire . 

2 .  E9tabl is h eme rgency procedu res and training for evacuation of personne l  
and removal o f  burning gra in. 

3 .  Issue procedu res for process ing equ ipment that include shutdown 
instru ctions and methods of handl ing hot products . 

4 .  Institute preventive maintenance for process ing equ ipment . 

PREVENl'IVE ACTION (PA) DISPOSI TION : 

PA NO. PA CODE TOTAL COST OF PA APPROIJED PA 

1 

2 

3 

HAZARD 
CONTRCL 
POTENTIAL 

Me dium 

17 

17 

22 

2 4  

CUMULATIVE 
PA 
COSTS 

$8 , 5 00 

HAZARD 
SEVERI TY 
CODE 

A 

$ 2 , 00 0  

1 , 0 00 

500 

5 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

L 

HAZARD 
RESOUR:B 
CODE 

Q 

X 

X 

X 

X 

HAZARD 
SI GNIFICAI«:B 
CODE 

1 3  
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9 2  

FUNCTION: Move Loade d Grain Vehicle into Place 

HAZARD SCENARIO DESCRI PTION: 

SCENARIO NO . 2 4  
FPBD NO .  2 

A truck i s  bri ng ing grain into a large country e levator . As i t  moves into the 
dump area , ita engine catches fire . The dr ive r juape out and attempts to 
extinguish the f ire . Bu rning material from eng ine drops into the pit whe re 
the conveyor car r ies it  to the elevator boot . Dus t in the leg is igni ted , 
pr oduciDCJ an initial explosion that propagates additional explosions due to 
dus t accumulated through poor housekeeping in the galle ry . The elevator is 
des troyed a nd  there a re 10 casualties . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Es tabl ish procedure to close dump pit gate whenever grain i s  not be ing 
dumped . 

2 .  Is sue emergency procedures cove r i ng  f ire in dump area and providing fire 
equ ipment . 

3 .  Es tabl ish a housekeeping program involving a mechanical dus t collection 
system supplemented by manual means . 

PRBVENl'IVE ACTION (PA) DISPOSI TION : 

PA NO. 

1 

2 

3 

HAZARD 
CONTRCI. 
POT Elft'IAL 

High 

PA CODE 

17 

17 

13 

CUMULATIVE 
PA 
COSTS 

$9 6 , 500  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

• 500 

1 , 0 00 

9 5 , 000  

HAZARD 
PROBABILITY 
CODE 

M 

HAZARD 
RBSOOR::E 
CODE 

R 

APPRO'IED PA 

X 

X 

X 

HAZARD 
SIGNIFICA-=E 
CODE 

2 3  
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FUNC'l'ION1 Weigh Grai n  Load 

HAZARD SCENARIO DESCRI PTION: 

9 3  

SCENARIO NO .  2 5  
FFBD NO .  9 

The lower surge bin in  a maj or export e levator that is relative ly clean breaks 
loose from ita mounting and falls 2 0  fee t to ground leve l during a ship 
l oading operation. The iapact of the surge bin on the floor violently shakes 
the entire elevator , setting static grain dus t into suspens ion throughout the 
e levator . The surge bin breaks several 4 40-volt conduits when i t  falls , and 
these exposed wi res a rc wildl y  and ignite grain dust . Rmleroua aubeequent 
e xpl os ions throughout the e levator des troy the headhouae and k il l  seve ral 
people . 

PRCPOSED  PREVENI'IVE ACTIONS 1 

1 .  Re design and rebuild surge bin s tructure to sustain anticipated s tatic 
and dynamic loads . 

2 .  Re locate a nd  recess e lectrical conduit where i t  i s  not vulnerable to 
•chanical damage . 

3 .  Enforce housekeeping for dus t collection. 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

3 

HAZARD 
CONTRCI. 
POT!BI'IAL 

High 

PA CODE 

10 

10  

17  

CUMULATIVE 
PA 
COSTS 

$2 7 , o o o  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

• 2 5 , 00 0  

20 , 0 00 

2 , 000 

HAZARD 
PROBABILITY 
CODE 

M 

HAZARD 
RESOUK:E 
CODE 

APPROVED PA 

X 

X 

HAZARD 
SIGNIFICAICE 
CODE 

2 3  
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9 4  

FUNCTION s Locate and Move Grain�ving Equ ipment into Place 

H AZARD SCENARIO DESCRI PTION: 

SCENARIO HO .  2 6  
FFBD HO .  2 2  

Tw o  empl oyees a re repa i r i ng  a loose flange and doubler plate on a belt loading 
spout in a major export elevator tunne l preparatory to loading a ship . 
Be cause of poor housekeeping , cons iderable dust has accumulated . One of the 
employees inadve rtently strikes the spou t while the other is drilling with a 
hand dri ll , and dus t is shaken loose into suspens ion whe re i t  is ignited by 
the arcing motor brushes . The resulting explos ion travels down the tunne l , up 
the leg a nd th rough the gallery . Two employees die and the e levator is 
destroyed . 

PRCPOSED PREVENl'IVE ACTIONS a 

1 .  Re move a ll e lectr ical dri lls and replace with pneumatic . 

2 .  Establ is h a housekeeping program involving a mechanical  dus t collection 
system supplemented by manual means . 

3 .  Establ is h and enforce a maintenance pol icy that prohibits major repa i r  
o f  equ ipment w ithout pr ior dus t c leanup . 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POTENTIAL 

Medium 

PA CODE 

19 

13 

1 5  

CUMULATIVE 
PA 
COSTS 

$1 1 6 , 500  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

$ 1 , 00 0  

1 15 , 0 00 

500 

HAZARD 
PROBABILITY 
CODE 

HAZARD 
RESOURCE 
CODE 

R 

APPROVED PA 

X 

X 

X 

HAZARD 
SIGNIFICAICE 
CODE 

12 
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9 5  

FUNCTIONs Al ign Grain Moving B;Ju ie-nt 

HAZARD SCENARIO DESCRI PTIONs 

SCENARIO Ill . 2 7  
FPBD Ill . 7 

Du r i ng  harvest , a part-t ime empl oyee in  a small country elevator ove rhears 
that , be fore the next truck can duap into the pit , the tr ippe r  wil l have to be 
re located . He knows that such align•nt will take at  leas t f ive minutes , and 
s ince he has not had a ciga rette for saae ti• , he decides to light up . The 
e levator i s  ful l  of dust from the previous truck load .  When he s tr i kes a 
match , dus t explodes and des troys the headhouse . 'l'bree people are killed . 

PRCPOSED PREVENI'IVE ACTIONS : 

1 .  In stitute new employee indoctr ination regard ing smok ing . 

2 . Establ is h a housekeeping program involving a .. chanical dus t collection 
system supplemented by manual means . 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

HAZARD 
CONI'RCL 
POTENTIAL 

Low 

PA CODE 

3 

1 3 

CUMULATIVE 
PA 
COSTS 

$5 00 

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

$ 500 

2 5 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

J 

HAZARD 
RESOUR:E 
CODE 

p 

APPROVED PA 

X 

HAZARD 
SI GNIFICAI«:E 
CODE 

1 
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FUR::TIONa Weigh and Inspect Grai n  Lot 

HAZARD SCENARIO DESCRI PTION: 

96 

SCENARIO NO . 2 8  
FPBD R> .  2 8  

This i s  a maj or i nl and terminal e levator . A welder i s  repairing a broken 
metal part in the headhouse abo'le the scale , withcu t a protect ive shield or 
e nclosure nor i s  the a rea cleared of dust . While grain is elevated to 
we ighing on the scale floor , it is creating a dus t cloud . Bot •tal droppings 
from the welding ignites the dust cloud as the grain is emptied from the 
garner  into the scale bin .  This resu lts in an explos ion that destroys the 
headhcuse and propagates down the gallery . "l'b ree people a re k illed . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Us e  a pre-e stabl ished and enforced permit procedure whenever welding , 
cutti ng , or othe r open fl•e wor k is to be done . 

2 .  Es tabl ish a hcusekeeping program involving a mechanical dus t collection 
system supplemented by manua l means . 

PREVENI'IVE ACTION (PA) DISPOSI TION : 

PA NO. 

1 

2 

HAZARD 
CONTRCL 
POTENTIAL 

Hi gh 

PA CODE 

17 

1 3  

CUMULATIVE 
PA 
COSTS 

$1 5 2 , 0 00 

HAZARD 
SEVERI TY 
CODE 

A 

TOTAL COST OF PA 

$ 2 , 00 0  

1 50 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

HAZARD 
RESOUR:E 
CODE 

R 

APPROVED PA 

X 

X 

HAZARD 
SIGNIFICAICB 
CODE 

12 
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P'UNCTIONa Loading and Unloading Grain 

HAZARD SCENARIO D!'SCRI P'l'IONa 

9 7  

SCENARIO NO. 2 9  
F!'BD ll) • 8 , 31 

A l arge ,  3 , 0 00 , 0 00-buahel regional terminal e levator ia loading corn into 
rai lcars and accepting truckloads s imu l taneously . 'l'bree of fou r legs are 
operating . The house has subs tantial quantities of layered dus t in all 
a reas . An operator in the basement suddenl y  aeea a ball of t i re ccai ng 
t owards h im from a corner area . A a er ies of explos ions follow that cause 
ma j or dallage throughou t the headhouae , Texas galle r ies , and bins . 
Post-e xpl os ion i nvestigation found a bin level i ndicator torn frca the a ide of 
the bin being emptied into the railcars . The electr ical leads showed s i gna of 
a rc ing and were cons idered the probable cause of the ini tial expl os ion in the 
bin that spread fire and hot gases into spou ting and legs th roughou t the 
s tructure . In spection s howed that the leve l  device had been improperly 
secu red to the bi n wal l and the electr ical  connections we re not according to 
g ood  w ir i ng  practice . An i nspector and three employees were i nj u red and a 
fou rth was k i l led in thi s  $5 , 0 0 0 ,000  los s .  

PRCPOSED PREVENl'IVE ACTIONS a 

1 .  Es tabl ish a housekeeping program i nvolving a mechanical dus t collection 
system supplemented by manua l means . 

2 . us e  onl y equ ipment and i ns tallation s tandards meeting National 
Electrica l  Code requ i rements . 

PREVENl'IVE ACTION (PA) DISPOSITION a 

�· PA CODE TOTAL COST OP PA APPROVED PA 

1 13 $15 0 , 00 0  X 

2 1 6  10 , 0 00 X 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD HAZARD 
CON!'Ra. PA SEVERI TY PROBABI LITY RESOUR:E SIGNIPICA!CE 
POTENl'IAL COSTS CODE CODE CODE CODE 

Hi gh $1 6 0 , 0 00 A L R 22 
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9 8  

FUNCTION: Move Grai n Load into Selected Storage Bin 

HAZARD SCENARIO DESCRI PTION: 

SCENARIO NO . 3 0  
PPBD NO .  11 

A new screw conve yor ia  added to a cracked corn b in i n  order to feed a new 
chicken feed l ine in a mill . The corn grinde r ia allegedly locked ou t .  
However , the e lectr i cian/mechanic locka out 48 i ns tead o f  4 D  (mis taking an 
orde r yelled to him by a fore•n) • Shortl y afte r  the conveyor chute ia  welded 
on,  the fore•n s ta rts another conve yor i n  a separate area but mis takes the 
s tarters s i nce one i a  locked out . Ground corn ia pu t  into the bi n with the 
fre sh weld . Residual spa rks from welding have i gnited acme corn in  the bottom 
of the bin .  The fresh ground cor n  and ita dus t explodes . Seconda ry 
e xpl os ions des troy much of the mill and adj oining headhouae . Fi ve people 
inju red , loaa $1 , 40 0 ,00 0 .  

PRCPOSED PREVENriVE ACTIONS : 

1 .  Us e  a pre-e stabl ished and e nforced permit procedure whenever welding , 
cu tting ,  or othe r open flame wor k 1a to be done . 

2 .  Es tabl ish a housekeeping program i nvolving a mechanical dus t collection 
system supplemented by •nua l means . 

PREVENI'IVE ACTION (PA) DISPOSI TION: 

PA NO. 

1 

2 

HAZARD 
CON!'Ra. 
POTENTIAL 

H i gh  

P A  CODE 

17 

13  

CUMULATIVE 
PA 
COSTS 

$6 5 , 5 00 

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OP PA 

$ 50 0 

6 5 , 0 00 

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RESOUR::E 
CODE 

R 

APPROVED PA 

X 

X 

HAZARD 
SI GNIFICAICE 
CODE 

22 
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PUNCTIONt Housekeeping 

HAZARD SCENARIO DESCRI PTION& 

9 9  

SCENARIO NO. 31 
FP'BD NO .  N/A 

Wh i le b lowing down dus t from ove rhead beams in a very large port terminal 
elevator gal le ry , a workman accidentally h its a l i ghting fixtu re with his wand 
and b re aks an  unguarded lamp . The e levator is  qui te dirty s ince i t  has not 
been cleaned for three weeks . The dus t  in  suspens ion exceeds the lower 
e xpl os ive l imi t  due to the blawdown operation. When the lamp breaks , 
•omenta ry a rcing allows hot particles to ignite the dust . The ensui ng 
f ire ball engulfs the d irty gallery , e nters seve ral empty b ins causing 
explosions wi thin the bins . The f i reball i n  the tunne l from the ruptu red bins 
trave ls to the headhouae through the fue l-l aden tunnel creating anothe r 
explos ion i n  the basement . Fou r  persona we re inju red , one fatall y r  los s 
$2 , 0 00 , 0 00 .  

PRCPOSED PREVENl'IVE ACTIONS 1 

1 .  Es tabl ish a housekeeping program involving a mechanical dus t collection 
system supplemented by manua l means . 

2 .  Us e  onl y equ ipment and i ns tallation s tanda rds mee ting Na tional 
Electrica l  Code requ irements . 

PREVENl'IVE ACTION (PA) DISPOSI TION: 

PA NO. PA CODE 

1 13 

2 16 

HAZARD CUMULATIVE HAZARD 
CONl'Ra. PA SEVERITY 
POTENTIAL COSTS CODE 

Hi gh $19 0 , 0 00 A 

TOTAL COST OP PA 

$18 0 , 00 0  

10 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

K 

HAZARD 
RESOUR:E 
CODE 

R 

APPROVED PA 

X 

X 

HAZARD 
SIGNIPICA!CE 
CODE 

12 
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FUtCTION: Unloa d Grai n Vehicle 

HAZARD SCENARIO DI!SCRI PTION: 

10 0 

SCENARIO NO. 3 2  
FP'BD NO .  8 

So y  beans a re bei ng u nloaded in the truck dump pit a t  a 4 00 , 000-bushe l  country 
elevator . The operator is  bus y ta k ing suplee when the leg j us and burns 
th rough a t  the head pulley.  The fall ing belt  i gnites dus t s ha ken loose in the 
concrete enclosed legwell , which explodes . The explos ion ruptu res the wel l  a t  
th e  dump leve l ,  the t op  metal leg hous ing , and t he  concre te legwell . A 
secondary explos ion seve rely damages the top of the headhouse and causes fire 
pene tration i nto several bins through spouting holes . Subs tantial quanti ties 
of laye red dus t contribu ted to the total damage . Pos t-explos ion investigation 
revealed faulty lagging on the head pul ley of the leg . The blas t caused 
$75 0 , 00 0  damage , inju red two employees , and killed the truck dr ive r .  

PRCPOSED PREVENTIVE ACTIONS : 

1 .  Us e  motion sensors to indicate bel t  s l ippage and misal ignment . 

2 .  Es tabl is h a housekeeping program involving a mechanical dus t  collection 
sys tem supplemented by manual means . 

3 .  Conduct r igorous prevent ive maintenance , especially on al l pa rts of 
bucket e levators . 

PREVENTIVE ACTION (PA) DISPOSITION : 

!!..J!Q. 
1 

2 

3 

HAZARD 
CONTROL 
POT ENTIAL 

High 

PA CODE 

20 

13  

13  

CUMULATIVE 
PA 
COSTS 

$3 0 , 000  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

s 1 , 000 

2 5 , 0 00 

4 , 000  

HAZARD 
PROBABILITY 
OODE 

L 

HAZARD 
RESOUICE 
CODE 

Q 

APPRO'IBD PA 

X 

X 

X 

HAZARD 
SIGNI FICANCE 
CODE 

13  
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PONCTION: Unload Grai n vehicle 

HAZARD SCENARIO DESCRI PTION: 

101 

SCENARIO t«>. 3 3  
PPBD t«> .  8 

A small wooden country e levator had been rece iving soy beans throughou t the 
day . At abou t 7 : 3 0  pm ,  du r ing the unloading of a truck , an explos ion occurre d  
that propagated through a tunnel from the basement o f  the office t o  the truck 
dullp pi t and i nto the basement of the headhouse . This was followed by a �mch 
l arger secondary e xplosion i n  the headhouse . The subsequent fire totally 
des troyed the headhouse and attached s i los . Investigation dete mined that the 
u nderground pipel ine leading from a propane tank to dryers had developed a 
leak . Propane flowed into an unde rground dra inage tile leading to the 
basement of the office . Propane col lected i n  the lower port ions of the 
basement , truck dump , and headhouse until i t  reached an ignition sou rce , a ga s  
water heater i n  the basement o f  the office . Th e  ensu ing expl os ion released 
laye red dus t i n  the headhouse caus ing a secondary explos ion tha t blew of f the 
top of the headhouse and i gn i ted the wooden i nterior .  Th ree people k i l led . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Examine the ove rall functions o f  mills and e levators to deve lop a 
totall y new system less subject to the hazards of dus t  explosions . 

2 .  Es tabl ish a housekeeping program involving a mechanical dus t collection 
system supplemented by manua l means . 

PREVENTIVE ACTION (PA) DISPOSI TION : 

PA NO. 

1 

2 

HAZARD 
CONTRCL 
PO'l'EN'l'IAL 

Me dium 

PA CODE 

9 

1 3  

CUMULATIVE 
PA 
COSTS 

$2 , 0 00 

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OP PA 

s 2 , 00 0  

so , o oo 

HAZARD 
PROBABI LITY 
CODE 

M 

HAZARD 
RESOUR::E 
CODE 

p 

APPROVED PA 

X 

HAZARD 
SI GNIPICAICE 
CODE 

14 
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FUNCTION : Ma intenance 

HAZARD SCENARIO DI!SCRI PTIONt 

10 2 

SCENARIO NO . 3 4  
FFBD NO .  N/A 

A country e levator i s  down for m inor maintenance . A relatively new employee 
is told to clean up acme bea r ing grease . He cannot find the high flas h-point 
a �vent he normally uses and subs ti tutes gasoline i ns tead . A fel low worker 
s ta r ts acme minor repa irs nearby us ing an electric dr il l . The gasol ine vapor s 
flash a nd  pene trate cracks i n  the leg cas ing that has a heavy coating of 
laye red dust . Fi re s ta rts in  the leg and seta off an explos ion . Seconda ry 
e xpl os ions des troy much of the headhouae and dump pit . Al though floor 
su rfaces were generall y kept clean , layered dus t  on beams , walla , and othe r 
s urfaces was not removed . Tw o  empl oyees seriously injured and $8 00 , 000 loss 
resu lted . 

PR<POSED PREVENTIVE ACTIONS : 

1 .  Us e a pre-e stabl ished and enforced permit procedure whenever welding , 
cu tti ng ,  dri l l i ng ,  or othe r open flame wor k is to be done . 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

HAZARD 
CONTRCL 
POTENTIAL 

Me dium 

PA CODE 

17 

13 

CUMULATIVE 
PA 
COSTS 

$5 00 

HAZARD 
SEVERI TY 
CODE 

8 

TOTAL COST OF PA 

• 50 0 

50 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

L 

HAZARD 
RESOUR:E 
CODE 

p 

APPROVED PA 

X 

HAZARD 
SI GNIFICA!CE 
CODE 

17 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Prevent ion of Grain Elevator and Mi l l  Explosions
http: / /www.nap.edu/catalog.php?record_id=10953

http://www.nap.edu/catalog.php?record_id=10953


10 3 

FtniCTIONt Select Storage Location and TYP! 

HAZARD SCENARIO DESCRI PTION: 

SCENARIO NO . 3 5  
FP'BD NO. 6 

An el!pl oyee i n  a concre te feed mill was using a drop cord l ight to dete naine 
i f  a bin was eapty . Be lowe red the l i ght into the ope rating discha rge screw 
conveyor . The resul ting e lectr ical a rc i gnited a dus t cloud in the bottc:. of 
a bin .  Pla.s erupted from the bottc:. of this bin and i gn i ted dus t  on the 
a U l  floor and walls . The secondary exploeion des troyed the ent i re mill . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  In stall grating cover ove r top of screw conveyor . 

2 .  Apply s tate-of-the-a rt techniques to reduce the concentration of 
a irbor ne  dus t below the lower exploeion l imit where poss ible in 
enclosures othe r than legs . 

PREVENI'IVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

HAZARD 
CORl'Ra. 
PO'.l'BNTIAL 

Hi gh  

PA CODE 

10 

19  

CUMULATIVE 
PA 
OOSTS 

$2 , 0 00 

HAZARD 
SEVERI TY 
CODE 

A 

TOTAL COST OF PA 

s 50 0 

1 , 5 00 

HAZARD 
PROBABI LITY 
CODE 

J 

HAZARD 
RESOUICE 
CODE 

p 

APPROVED PA 

X 

X 

HAZARD 
SI GNIFICA!CE 
CODE 

1 
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FUH::TION: Unload Grain Vehicle 

HAZARD SCENARIO DI!SCRI PTION: 

104 

SCENARIO NO. 36 
FFBD NO. 8 

A concre te e xport e levator was u nl oading grain from a rai l car . Ta il pulley 
bea ring on the ca r rece iving leg had fa i led to the point tha t when the oiler 
gre ased the leg , the lubri cant passed through the hot bea r i ng and flamed up 
ins ide the leg . The dus t cloud in  the operating leg exploded and spread to 
the bel t conveyor . Al though the wor k ing apace of the e levator was very clean , 
the newly cove red conveyor contained croea bracing& every 10 fee t on which 
dus t had accumulated to a depth of 6 i nches . The dus t fueled an explos ion 
that des troye d the ent i re elevator , k i l l i ng a t  leas t 10 people . 

PRCPOSED PREVENTIVE ACTIONS : 

1 .  Conduct r i gorous preventive maintenance , especially on all parts of 
bucke t elevator s . 

2 .  Es tabl ish a housekeeping program i nvolving a mechanical dus t collection 
sys tem supplemented by manua l means (pa rticularly for concealed areas ) . 

3 .  Us e  heat sensors on cr i tical bea rings . 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POTENTIAL 

High 

PA CODE 

13 

1 3  

20 

CUMULATIVE 
PA 
COSTS 

$19 3 , 00 0  

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

s 8 , 00 0  

180 , 0 00 

s , ooo 

HAZARD 
PROBABILITY 
CODE 

L 

HAZARD 
RESOUBCE 
CODE 

R 

APPROVED PA 

X 

X 

X 

HAZARD 
SIGNIFICANCE 
CODE 

22  
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PUHCTION: Maintenance 

HAZARD SCENARIO DESCRI PTION: 

lO S 

SCENARIO NO . 3 7 
PPBD NO .  N/A 

The office of a wooden country e levator was being rebuilt  fol lowing f i re 
&&.age . An unde rground propane l ine had developed a leak and propane 
a�au lated on the floor of the office a fter leaking from the l ine through 
sandy porous soU . 'l'he office baseaent was di rectly connected to the basement 
of the e levator . A painter e ntered the basement and l it a match to locate the 
l ight switch . 'l'he propane exploded and caused a seconda ry explosion 
th roughout the e levator fue led by layers of dus t on the walls and floors . 'l'he 
elevator was totall y des troyed in  the ensu ing f i re . TWo were killed.  

PR<POSED PREVENTIVE ACTIONS : 

1 .  Examine the ove rall functions of mills and e levators to deve lop a 
totally new system less subject to the hazards of dust explos ions . 

2 .  Es tabl ish a housekeeping program involving a mechanical dus t collection 
system supplemented by unua l means . 

PREVENTIVE ACTION (PA) DISPOSITION : 

PA NO. 

1 

2 

HAZARD 
CONTRa. 
PO'l'BN'l'IAL 

Hi gh  

PA CODE 

9 

13  

CUMULATIVE 
PA 
OOS'l'S 

$5 2, 0 00 

HAZARD 
SEVERI TY 
CODE 

A 

TOTAL COST OF PA 

s 2 , 00 0  

so , o oo 

HAZARD 
PROBABI LITY 
CODE 

M 

HAZARD 
RESOUR:E 
CODE 

R 

APPROVED PA 

X 

X 

HAZARD 
SIGNIPICA!CE 
CODE 

34 
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FUNCTION: Elevate Grain Lot 

HAZARD SCENARIO DESCRI PTION: 

106 

SCBRARIO NO. 3 8  
FPBD NO .  10 , 
1 4 ,  2 0 ,  2 7  

Cor n was being u nloaded from a concre te country e levator . La ye re d  dus t coated 
the walls , floors , and machine ry,  dus t from a l imited dus t control system was 
re tu r ned continuously back into the leg . The cas ing was completely concrete 
to the top of the head pulley . The head pulley became displaced on the shaft 
a nd  rubbed agains t the concre te hous ing . The fr iction between the pulley and 
concrete cas ing developed enough heat to ignite the dus t cloud exis ting in the 
leg .  The e xpl os ion broke out of the leg and caused secondary exploeiona 
throughou t the s tructu re . The elevator was vi rtually des troyed . TWo 
fa ta l i ties resulted . 

PROPOSED PREVENTIVE ACT IONS : 

1 .  Es tabl ish a house keeping program i nvolving a mechanical dus t collection 
sys tem supplemente d  by manual means . 

2 .  us e  heat sensors on cr i tical bearings . 

3 .  I f  dus t i s  re turned to the grain s tream , do i t  i n  the leas t hazardous 
manner . 

4 .  FO llow, to the extent practical , the Na tional Fi re Pr otection 
Association ' s  s tanda rd on exploe ion venting ( No .  6 8 )  for al l 
e nclosures . Ex isting concre te s tructures should be vented by windows or 
othe r openings of the s ize dictated by this standa rd . 

PREVENTIVE ACTION (PA) DISPOSI TION: 

PA NO. PA CODE TOTAL COST OF PA APPROVED PA 

1 13 • 4 0 , 00 0  X 

2 20 3 , 0 00 X 

3 11  500  X 

4 16  500 X 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD HAZARD 
CONl'Ra. PA SEVERITY PROBABILITY RESOUJCE SI GNIFICAICE 

POTEN'l'IAL COSTS CODE CODE CODE CODE 

Hi gh $4 4 , 0 00 A J Q 2 
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!'UNC'l'ION: Store Grai n Lot 

HAZARD SCENARIO DESCRI Pl'ION:  

10 7 

SCENARIO NO. 3 9  
FPBD t«> .  1 9  

In adequate housekeeping had been practiced i n  a n  old wooden e levator used 
pr ima r ily for grain s torage . A finned , space heater had been le ft on afte r 
the •IIIPl oyees had left for haae . Du r i ng the night a f ire broke out in a 
saal l ,  scale office i n  which the heate r  was located . Accumulated dus t  in the 
headhouse was placed into suspens ion and i gn i ted by burning debr i s .  Several 
subsequent explos ions des troyed the elevator . 

PRCFOSED PREVENTIVE ACTIONS : 

1 .  J!la tabl ish a f ire and e xplos ion prevention training program .  

2 .  Quantify and e nforce housekeeping standa rds for cleanl iness to prevent 
fire s and e xpl os ions . 

PREVENTIVE ACT ION (PA) DISPOSITION s 

PA NO. 

1 

2 

HAZARD 
CO NTRa. 
POTENTIAL 

Me diua 

PA CODE 

4 

3 4  

CUMULATIVE 
PA 
COSTS 

$2 , 2 00 

HAZARD 
SEVERI TY 
CODE 

A 

TOTAL COST OF PA 

$ 1 , 000 

1 , 2 00 

HAZARD 
PROBABI LITY 
CODE 

J 

HAZARD 
RESOUR:E 
CODE 

p 

APPROVED PA 

X 

X 

HAZARD 
SI GNIFICAICE 
CODE 

1 

, 
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108 

SCENARIO NO . 4 0  
FFBD R:> .  8 ,  3 2  

FUNCTION: Unload Grain vehicle/Convey Grain to Transportation Vehicle 

HAZARD SCENARIO DESCRI PTION: 

Cor n was being u nl oaded from a truck a nd rail cars were be i ng loaded . The 
elevator was reasonabl y clean and had a good dus t control s ys tem with the 
center of the headhouae being pressu r i zed . The leg became plugged and the 
foreman attempted to clea r the plugged boot by j ogging the dr ive motor . Afte r 
a a bort per i od  the leg belt parted a t  the head pulley and dropped down the 
leg . The dropping bel t created a dus t cloud i n  the leg tha t was ignited by 
the burning bel t .  The leg casing broke open and a ir ,  because o f  the 
pressu r i zat ion of the headhouae , rus hed up the cas ing and into the handli ng 
s ystem , car ry ing the burning dus t w i th i t .  The leg and the handl ing equ ipment 
we re damaged but no maj or s tructural damage occur red . Two people were k illed 
by the e xpl os i on .  

PROPOSED PREVENTIVE ACT IONS : 

1 .  Conduct r i gorous preventive maintenance , especially on all parts of 
bucke t e levator s . 

2 .  us e  motion aenaora to indicate bel t  s l ippage and misal ignment . 

3 .  Apply s tate-of-the-a r t  techniques to reduce the concentration of 
a ir borne dus t in and emanating from e levator legs . 

PREVENTIVE ACTION (PA) DISPOSITION : 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POTENTIAL 

High 

PA CODE 

13 

20 

19 

CUMULATIVE 
PA 
COSTS 

$1 1 , 000 

HAZARD 
SEVERITY 
CODE 

A 

TOTAL COST OF PA 

$ 3 , 00 0  

2 , 0 00 

6 , 000  

HAZARD 
PROBABILITY 
CODE 

J 

HAZARD 
RESOUBCE 
CODE 

0 

APPROVED PA 

X 

X 

X 

HAZARD 
SIGNIFICANCE 
CODE 

2 
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10 9 

SCENARIO R> .  41  
FPBD R> .  8,  3 2  

FUNCTION& U'lload Grai n Vehicle/Convey-Grain to Transportation Vehicle 

H�ARD SCENARIO DESCRI PT ION& 

Corn from trucks and rail  cars was being unloaded and a barge was being loaded 
at a s teel tank and me ta l -clad r i ve r  tel'Jilinal elevator . Housekeeping was fa i r  
w ith dus t col lection on the legs onl y .  El ectr icians , i ns tall ing new wir ing i n  
the elevator , ha d  ope ne d  some o f  the junction boxes in  the truck rece ivi ng 
tunnel . An e lectr i cal a rc from one box i gnited a dus t cloud i n  the tunnel 
resulting in  a se r ies of explos ions . Rupture of the me tal s heeting rel ieved 
the e xpl os ion pressure and s tructural damage was minimal . All the e levator 
legs exploded . The mos t seve rely damaged was the ba rge loading leg to which 
c ol lected dus t was being returned . A number of employees were injured but 
the re were no fatal itie s . 

PRCPOSED PREVENTIVE ACTIONS 1 

1 .  Us e  a pre -e stabl ished and e nforced permit procedure whenever welding , 
cutti ng , wir ing hookup , or open flame work is to be done . 

2 .  !'Ppl. Y s tate-of-the-a rt techniques to reduce the concentration of 
a irborne dus t below the lower explos ive l imi t where poss ible in 
e nclosures other than legs . 

3 .  If dus t i s  re turned to the gra in s tream ,  do i t  in the leas t hazardous 
manne r . 

PREVENTIVE ACTION (PA) DISPOSI TION: 

PA NO. PA CODE TOTAL COST OF PA APPROVED PA 

1 17 $ 50 0 X 

2 1 9  5 , 0 00 X 

3 1 1  3 , 000 X 

B�ARD CUMULATIVE H�ARD HAZARD HAZARD HAZARD 
<X>NTROL PA SEVERITY PROBABILITY RESOUR:E SIGNIFICANCE 
FOT ENTIAL COSTS CODE CODE CODE CODE 

High $8 , 50 0 ·  8 L Q 26 
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1 10 

FUNCTION: Convey Train to Des igna te d  Transportation Vehicle 

HAZARD SCENARIO DFSCRI PTION: 

SCENARIO ll) .  4 2 
FPBD ll) .  3 2  

The operation o f  grinding milo i n  a small , country e levator had been slowed 
du r ing the da y  because of a malfunctioning s i fte r . Two employees , working 
overt ime , repa ire d the s ifter and then loaded a truck with wheat from two of 
the elevator bins . Abou t midnight they noticed a l i ght in  a smal l enclosu re 
d ire ctly u nder the leg head . De ciding the l ight was a f ire they called the 
f i re depa rtment and then tr ied to extingu is h the f i re the•elves . After 
appl ying the contents of three small f ire extinguishers through a window in 
the enclosu re , one of the employees left  to ge t more extingu ishers while the 
other remained a t  the s ite of the f ire . Sens ing that an explosion was about 
to occu r ,  the employee a t  the s ite tu rned to leave and was blown of f the roof 
to the ground , a bou t  40 feet below. Grain dust in the s tructu re had been 
i gn i ted by a bare l i ght bulb .  The f i re burne d  through the leg belt , whi ch 
dropped , caus ing an expl os ion i n  the leg , damaging the head and boot a reas . 

PROPOSED PREVENTIVE ACTIONS : 

1 .  Us e  onl y equ ipment a nd i ns tallation s tandards mee ting Na tional 
Electrical Code requ i rements . 

2 .  Es tabl ish a f ire and expl os ion prevention training program . 

3 .  Conduct r igorous preventive maintenance , especially on al l pa rts of 
bucket e levators . 

PREVENTIVE ACTION (PA) DISPOSITION: 

PA NO. 

1 

2 

3 

HAZARD 

CONTROL 
POT ENTIAL 

High 

PA CODE 

16 

4 

13  

CUMULATIVE 

PA 
COSTS 

$1 , 700 

HAZARD 

SEVERITY 
CODE 

c 

TOTAL COST OF PA 

s 20 0 

5 00 

1 , 000 

HAZARD 
PROBABILITY 
CODE 

J 

HAZARD 
RESOURCE 
CODE 

p 

APPROIJED PA 

X 

X 

X 

HAZARD 
SIGNIFICANCE 
CODE 

10 
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1 11 

FUNCTION: Convey Grain to Des igna te d  Transportation Vehicle 

HAZARD SCENARIO DESCRI PTION: 

SCENARIO NO . 4 3  
FPBD NO .  3 2  

An old , wooden e levator and mill had been converted to handl ing grain dus t .  
Dust i n  one o f  the bins ha d  gone ou t  o f  condition ,  resulting in  a f i re . The 
f ire depa rt•nt responded and apparently extinguished the fire . The e levator 
resu•d loading ou t  dus t and when the bin was almos t empty s aDe burning dus t 
from the previous f ire e ntered and i gn i ted the dust cloud in  the bin . An 
explos ion and f ire resulted which ca�pletely des troyed the elevator . Thre e  
were s er i ously i njure d ,  but n o  deaths resulted . 

PROPOSED PREVENTIVE ACT IONS : 

1 .  Appl y  s tate-o f-the-a rt techniques to reduce the concentration of 
a i rborne dus t be low the lower explos ive l imi t where possible in 
e nclosures other than legs . 

2 .  Es tabl is h a f ire and explos ion prevention tra ining program . 

PREVENl' IVE  ACTION (PA) DISPOSI TION : 

PA NO. PA CODE TOTAL COST OP PA APPROVED PA 

1 19 $ 1 , 80 0  X 

2 4 500 X 

HAZARD CUMULATIVE HAZARD HAZARD HAZARD HAZARD 

CONl'RCL PA SEVERITY PROBABI LITY RESOUR:E SIGNIFICMCE 
POTENTIAL OOSTS CODE CODE CODE CODE 

Low $2 , 3 00 A L p 7 
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FUNCTION: Elevate Geai n Load 

H AZARD SCENARIO DFSCRI PTION: 

1 1 2  

SC ENARI O  NO. 4 4  
PFBD ll) .  10 , 14 
2 0 ,  2 7 

An e mpl oyee i n  a dus ty , small , country e levator smelled smoke and notified the 
manage r . Be orde re d eve ryone to evacuate the elevator and called the 
volunteer f ire department , which a r r ived in abou t f ive minu tes . Seve ral 
employees accaapanied the f i re•n into the elevator to locate the f i re . Smoke 
was pour i ng  out from the edges of 3 '  X 3 '  door i n  the floor leading into the 
leg pit . Afte r  opening the door s l i ghtly,  an employee saw f i re in the pit . A 
f ireman adjusted his hoze nozzle to fog a nd told the employee to open the pit 
door . Whe n  the fog of wate r was played into the pit , i t  dislodged a mass ive 
amount of dus t that expl oded . Four men were i njure d ,  one ser i ously,  and the 
elevator sustained ma j or damage . The dus t had been ignited by a l i ght bulb 
that was bur ied a bou t  7 '  i n  a 14 ' depth of dus t that had been allowed to 
collect i n  the pit . 

PRCPOSED PREVENl'IVE ACTIONS : 

1 .  Conduct r i gorous preventive maintenance , especially on all par ts of 
bucke t elevator s . 

2 .  Es tabl ish a housekeeping program i nvolving a mechanical dus t collection 
system supplemented by manual means . 

3 .  Es tabl ish a f ire and e xpl os i on  preve ntion training program for employees 
and local f i re officials . 

PREVENl'IVE ACTION (PA) DISPOSI TION : 

PA NO. 

1 

2 

3 

HAZARD 
CONTROL 
POT ENTIAL 

High 

PA CODE 

13 

13 

4 

CUMULATIVE 
PA 
COSTS 

$1 1 , 30 0  

HAZARD 
SEVERITY 
CODE 

B 

TOTAL COST OP PA 

• 800 

10 , 0 00 

500 

HAZARD 
PROBABILITY 

CODE 

K 

HAZARD 
RESOUICE 

CODE 

Q 

APPROVED PA 

X 

X 

X 

HAZARD 
SIGNIFICANCE 

CODE 

16 
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FUNCT ION : Elevate Grai n Load 

H AZARD SCENARIO DESCRI PTION: 

1 13 

SCENARIO a:> .  4 5  
PPBD tl) .  10 , 14 
2 0 ,  2 7  

A s ma 1 1  e levator o f  e ight bins uses a screw auger to feed the leg boot . SOllie 
ainor repa irs are being done in  the tunnel conta ining the auge r . The leg is 
s tarted and the repa ir man l ays his tools on the tunnel floor . The bin chute 
on whi ch he was work ing falls off a t  the bin exi t and the grain fall ing from 
the b in aweepe his tools i nto the auger opening . A p ipe wre nch is car r ied up 
the 1eg and j ams the head pulley . The bel t bu rna th rough and falls down the 
leg , the center por t ion of the leg being a catcrete s ha ft conta ining 20  years 
of accullllla te d  dust . The dust , i gn i ted by the burning belt , explodes and 
des troys the m idsection of the headhouae . The top house is damaged beyond 
repa i r .  Two employees i n  the top house are blown through the windows . One 
empl oyee i s  k il led , the other s er i ously i njure d .  The elevator reopens 1 8  
aontha late r a fte r $1 , 0 0 0 , 00 0  o f  repa irs and recons truction . 

' 

PRCPOSBD PREVENI'IVE ACTIONS a 

1 .  Instal l gratings ove r the auge r openings . 

2 .  In stall motion sensors on the leg bel t  and pulley .  

P�IVE ACTION (PA) DISPOSITION : 

PA NO. 

1 

2 

HAZARD 
CONTRCL 
POTEWriAL 

Me dium 

PA CODE 

10 

20 

CUMULATIVE 
PA 
a>STS 

$1 , 5 00 

HAZARD 
SEVERI TY 
CODE 

A 

TOTAL COST OF PA 

$ 50 0 

1 , 0 00 

HAZARD 
PROBABI LITY 
CODE 

K 

HAZARD 
RESOUR:E 
CODE 

p 

APPRO\TED PA 

X 

X 

HAZARD 
SIGNIFICAR:E 
CODE 

3 
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Appendix B 

DUST EXPLOSIONS 

EXPIA>SIBILITY OF GRAIN DUST 

The dus ts generated i n  gra in processing a re composed of mois ture , s tarch , 
prote i n ,  fat , and as h .  The chemical elements a re typical of all natural 
organic subs tances der ive d from plants ( i . e . , carbon ,  hydrogen, n itroge n ,  and 
oxygen) plus traces of va rious minerals . The grain dusts col lected in dus t  
control s ys tems a re 6 0  to 8 0  percent combustible ( the balance is a s h  and 
moistu re )  and have mean diameters of from 17 to 120 �m . The heat of combustion 
of s uch dus ts ranges from 1 2 , 0 00 to 2 0 , 0 00 J/g ( for compari son ,  a paraffin 
hydrocarbon , CnH2n+ 2 ' releases at  leas t 4 5 , 000  J/g) . 

When grain dus t is  suspended i n  a i r  at a concentration of about 1 5 0  g/m3 , 
the m ixture compos i tion i s  cor re ct for complete combustion of the dus t 
( i . e . , the mixtu re is s toi chiome tr i c) . Howeve r ,  in actual dus t explos ion 
tests ,  it is found that the energy re lease and rate of energy release is a 
aaximum at concentrations well above the stoichiome tric concentration 
(u sually a t  least 3 to 4 t imes that concentration) . Addi tional ly,  dust 

explos ions , i n  contras t to gaseous explos ions , show a ra the r fla t response in  
terms of max imum pre ssu re and rate of pressure r ise ve rsus concentration .  
Thus , for a dus t-a i r  mixture there is a la rge range o f  concentrations from 
approximately s toi chiome tric (15 0 g/m3 ) to approximately 10 t imes 
s toichiometr i c  ( 1 5 00 g/m3 ) ove r which the pressu re r ise i n  an e nclosure is 
approximately independent of dus t concentration . Unde r these ci rcums tance s ,  
a n  e xpl os i on  o f  a dus t-a ir m ixtu re i n  the e nclosure i f  not re l ieved by 
ruptu re of the e nclosure will  gene rate a pressure r ise of approximatel y 6 to 
10 a tm ,  which i s  the same as that generated by a vapor or gaseous fuel 
explos ion ( Ba r tkne cht 19 81) . Thus ,  once a system conta ins the minimum amount 
o f  dus t needed to sus tain an  explos ion ,  the bas ic explosion haza rd potential 
has been establ ishe dJ  additional amounts of dus t increase the damage 
potential by onl y a minor amount and even large excesses do not reduce i t  
s i gn i ficantly . The measu rable prope rties pe rtinent to a n  unde rstanding of 
the i gn itabil i ty and explosibi l i ty of a par t icular dus t  a re the following :  

1 .  Minhum Temperature for Auto- Ignition in  a Combustible Cloud--The 
apparatus typically used to measu re this property is  the Godbert-Greenwald 
fu rnace (Godbe r t  195 2 , Godbe rt and Greenwald 193 6 ) . A sample of dus t  in a 
dus t holder i s  blown downwa rd through a ve rt ical furnace of spec i f ied 
dimens ions and cons truct ion tha t has been heated to same ini tial temperature . 
If a s heet of flame appears a t  the exi t of the furnace , the furnace 
temperature is  said to be above the auto-ignition temperatu re of the dus t  

1 15 
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cloud . If  no flame appears , the fu rnace tempe ratu re is assumed to be below 
the aut�i gn ition temperature . 'ftle expe r iment is  performed ove r a range of 
dus t  concentrations by va rying the amount of dus t in  the dus t  holde r .  The 
m inimum value of the aut�i gn ition temperature and the concentration at which 
i t  occurs are then recorded . 

2 . Layer Ignition Temperature--A s tandard expe r iment has been devised 
( Na tional Mate r ial s Advisory Board 198 2 )  to measure the su rface tempe ratu re a t  

which a s tanda rd thick ness o f  a dus t will  i gn ite within a specified t ime 
(usually 3 0  min) . In this expe r iment , a layer of dust of a speci fied 
th ick ness is pl aced on a the rmos tated hea ted metal surface . The ignition 
temperatu re i s  determined by noting the su rface tempe rature a t  which a glow or 
flame appea rs or a the rmocouple pl aced in the dus t sample reads a speci fied 
hi gher temperatu re (usually 5 0°C )  than a the rmocouple imbedded in the hot 
sur face . 

3 .  Maximum Pressure and Max imum Ra te of Pressu re Rise in an Enclosure 
a nd  Fl ammabil i ty Limi ts--In the tes t for maximum pressu re r ise and maximum 
rate of pressure rise , a dus t sample is dispersed into a vessel by a burst of 
hi gh-pressu re a ir .  Af ter s ome delay t ime the dus t is ignited with a 
high-ene rgy electr ical spa r k  and the pressure-t ime cu rve of the explos ion 
process is recorded . Tw o  types of vessel have been used for these 
measu rements . One is the Ha r tmann tes t apparatus that cona iats of a smal l 
( 7 5 i n . 3 ) ver t ical tube approximately 1 f t  long . The othe r cons ists of a 
sphe rical vessel with central ignition . Ba rtknecht ( 19 8 1 )  baa used di fferent 
s ize sphe r i cal vessel s  and he has found that for a suf ficientl y large vessel 
(greate r  than 2 0  l i te r  capaci ty)  one can de fine a cons tant : 

ka t • (dp/d t >max vl/3 , 

based on the max imum rate of pressu re r i se , (dp/d t) max ' a nd the vesse l  
volume , v .  The cons tant , ka t ' is  unique for each dus t  type . It  essentially 
g ive s  a n  i ndication of the combus tion rate of that dus t and there fore the 
relative damage due to an  explos ion associa ted with tha t dust . Ba rtknecht 
points out that for vesse l volumes less than approximately 2 0  l iter , kat 
ceases to be a cons tan t and becomes smaller aa the vessel s ize decrease s .  
Th us , the rate of pressu re r i se observed i n  small vessels ia  less than the 
potential rate of pressure r iae tha t one would observe in a la rge vesse l ( i t  
i s  probable that radiative losses t o  the wall cons iderably lower the 
combustion rate i n  the smalle r vesse l ) . In the tes t for explos ibility l imits , 
a bomb i a  used and the minimum dus t concentration that can be ignited by a 
high-ene rgy spark is  determined . The LELa for common grain dusts are shown i n  
Ta ble B-1 . 

4 .  Ign ition Energy--The i gn ition energy of a combustible mixture 
usually is measu red by dete rmining the amount of ene rgy requ i red in a 
capacitance spa r k  to just cause i gn ition of the combustible mixture . Th is 
also is true in the case of dus t i gn i tion .  Eckhoff (197 5 )  has concluded tha t 
the i gn ition energ ies of dus t a re d iffere nt from those of vapors and gases in 
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TABLE B-1 Explos ive Properties of Common Grai n Dusts . 

Maximm 
Rate of Miniwmm Lower 

Max iliUm Pressu re Ignition Temperature Ignition Explos ive 
Pressure Rise Cloud Layer Energy Limit 

Type of Dust (kPA} ( MPa/s ) ( oC} ( 0 )  ( J )  (g/m3 ) 

Al falfa meal 4 55 7 . 6  460 200 0 . 3 2 100 

Ce real grass 360 3 . 5  5 50 2 20 o . 8o  200 

Cor n 6 55 41 400 250 0 . 0 4  5 5  

COrncob grit 760 21 450  240 0 . 0 4 5  4 5  

Corn dextr i n  pure 725 48 40 0 370 0 . 0 4  40 

COrns tarch com.e rcial 
product 7 45 4 8  380 330 0 . 0 4  45 

COrns ta rch 
th rough 3 2 5  mesh 790 62 390 350 0 . 0 3  40 

Flax shive 5 60 5 . 5  430  230  0 . 08 80 

Gr a in dus t ,  w inter  
w heat , corn,  oats 790 38 430 230 0 . 0 3  55 

Grass seed , blue 165 1 . 4 490 180 0 . 2 6 290 

Ri ce 6 40 18 440 220 0 . 0 5  50 

Rice bran 4 20 9 . 0  490 o . o8 4 5  

Saf flower meal 580 2 0 460 210 0 . 0 25 55 

Soy flou r  540 5 . 5  540 190 0 . 10 60  

Soy prote in 660 6 5  520 260 0 . 0 5  35 

Wheat , untreated 7 10 2 5  5 0 0  2 20 0 . 06  65  

Wheat flour 6 55 2 6  380 360 0 . 0 5  50 

Wheat s ta rch , edible 690 4 5 420  0 .0 2 5 4 5  

Wheat s traw 680 41 470 220 0 . 0 50 55 

SOUICE :  u.s. Bu reau o f  Mi ne s  19 61 . 
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tha t  the i gn i t ion process is  dependent on de ta ils of the spar k shape and 
d isch arge c ircu i try . The i gn ition e ne rg ies of dus ts a lso have been found to 
be cons iderabl y  la rger than those of typical vapors or gases . However ,  the 
pa ne l  dur i ng  i ts  e xpl os ion i nvestigations noted that typical ign ition sources 
in grain elevators exceed these values by seve ral orders of magnitude . 

The u.s. Bu re au of Mines ( 19 61 )  performed extens ive experiments in  the 
.1960s and measu red many of these prope rties for a la rge number of dus ts 
i ncluding many common agr i cultural dus ts ( Table B-1 ) . It devised an 
explos ibil ity index baaed on these measu rements that is used to rank duats · i n 
terms of the i r  e xpl os ion haza rd . Un fortunately,  this index was based on 
Ha r tmann bomb measu reme nts and the re fore tends to unde r -rank the most 
dangerous dus ts i nc luding certain agr i cultu ral dus ts .  Ba rtknecht ( 1 981 ) baa 
taken a di ffe rent approach . He measu res ka t and then se gregates all dus ts 
into three categorie s . His approach , which is baaed only on the rate of 

pre ssu re r ise i n  a sphe r i cal vessel ,  can be used to determine proper vent 
a reas for dus t explos ions ( Na tiona l  Pire Protection Associat ion 197 8 ) . 

EXPLOSION DYNAMI CS 

Combustion e xpl os i ons of the type that occur in  grain elevators take 
place because a combus tible mixture of grain dus t ( fue l )  and a i r (oxidize r )  
e xi s ts i ns ide an e nclosure (e . g . , an  e levator leg , a garne r  bin , or even the 
bu ilding i tse l f )  ( Strehlow 198 0 ) . As mentioned above , a mixture of gra in 
dus t  a nd a ir can be combustible i f  the dus t concentration exceeds same 
minimum value . Combus tion of the explos ive mixture in an enclosu re wil l 
re lease s ufficient hea t to produce a pressure r i se of approximately 6 to 10 a tm  
i f  the enclosure is  s trong enough t o  contai n  the mixtu re du r ing the ent i re 
c ombustion process . 

For combustion to occu r ,  an ign i tion sou rce is necessary . Th is can take 
many forma ( Table B-2) . It  is important to note , howeve r , that in grain  
e levator expl os i ons ,  the i gn ition s ou rce almost invar iably is  a •soft• one 
tha t has an ene rgy cons iderabl y  above the minimum ignition ene rgy of the 
dust-a ir m ixtu re . Th is means that the i gn i tion sou rce initially causes a 
low-velocity flame to propagate away from the sou rce region . The subsequent 
behavi or of the flame and the explos ion process that occu rs a fter such soft 
i gnition is very s trongl y dependent on the geome try of the enclosure and the 
l ocation and s ize of the various pieces of equ ipment , e tc . , that a re located 
ins ide the e nclosure . 

Two differe nt flame and explos ion process behaviors have been observed 
and mos t grain elevator explos ions fall somewhere between the two extremes 
( Bartknecht 1 9 81 ) . Fi ra t ,  i f  the vessel has a very small length to diameter 
(L/D )  ratio ( i . e . , i s  almos t spherical in shape ) , the flame will  not 

a cce lerate to high velocity and the pressure will r ise rathe r slowly in the 
e nclosure ( i n  la rge vessels the pressure r ise may take as long as 10 s ) . 
Onder these c ircums tances , all the wal la of the vessel will be pressu r i zed 
uni formly and , if of relatively equal s trength , will fall away a t  about the 
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TABLE B-2 Probable Igni tion Sou rces 

Source 

USDA Data• 

Un known 
We 1ding 
E1 ectr i cal failure 
Tramp •tal 
Pi re other than welding 
Other fore ign objects 
Fr i ction, choked leg 
OVerheated bea ringe 
Un identi fied spark 
Friction spa rks 
Li C#'ltning 
Extena ion cords i n  lege 
Fa ul ty motors 
Static electricity 
Fi re from s l ipping leg bel t 
FlUIIIIlble vapor 
Smoldering grain 
Smok ing material 
Fi re cracker 

1 19 

Vol tat ile chemical from soybean process ing 
Ex ter nal cob p ile fire 
Beating system 
Ga s  i n  bin i gn i ted 
Exti ngu ishing f i re 
Le ak in  gas p ipe ignited 
Elec trical control panel explos ion 
Sl ipping conveyor belt 

Un known 
Welding 
Fr i ction in elevator leg 
Fire othe r than welding 
El ectr i cal 
Lightning 
Motors 
Spontaneous callbus tion 
Other fore ign objects 
Static electricity 

NOTE: Data probably are not mu tually exclus ive . 
a u. s. Depa rtment of Agr i culture 1980 . 
b Ve r kade and Ch iotti 1 9 76 . 

No. of Faci l ities 

10 3 
4 3  
10 
10 
10 

9 
8 
7 
7 
7 
6 
4 
4 
3 
3 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 

_! 
TOTAL 250 

8 5  
14 
12 
1 1  

6 
4 
3 
2 
1 

_1 

TOTAL 13 9 
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s ame  t ime . Ce rtain headhouse exploe ions exhibit this behavi or . On the other 
hand , i f  the vesse l has a la rge L/D ratio (e . g . , a Texas house or galle ry) or 
c onta ins many obs tacles (e . g . , the usual tunnel of a slipped formed facility) , 
an ordina ry s low combus tion wave can induce gas motion ahead of i tself . This 
causes turbulent e ddy s hedding and growth of turbulent wal l  boundary layers . 
When the fl ame reaches these , i t  accelerates and generates a more rapid 
pre ssu re r i se ,  which causes even more violent eddy shedding and turbulent 
boundary laye r growth . This behavior results in extremely high propagation 
rates (up to detonation ve locities ) • 

A detonation is a s table , super sonic canbustion wave that travels at a 
ve locity dete rmined by the amount of hea t released in  the fue l-a i r  mixture . 
These velocities can be aa high aa 2000  m/s . FU rthermore , once such a wave 
is s ta rted i n  a la rge L/D-ratio vesse l , i t  usually propagates the length of 
the vessel or unt il i t  runs out of fue l .  I n  general , large L/D-ra tio regions 
or spaces w i th obs tacles su ffe r  much more devas tating gra in dus t  explos ions 
th an l ow  L/D veaaela because the supersonic wave nature of the detonation 
process produces a local pressu re r ise of abou t 20  atm with a r ise time of 
l eas than 0 . 1 s .  Under these c ircums tances , the walla cannot rel ieve in time 
to s top the pressure from ris ing to ita maximum value , the facil ity ia 
s ha ttere d w ith p ieces th rown great d is tances , and a s izable external blas t 
wave ia produced . The miss ing bins i n  the Hous ton incident undoubtedly 
e xper i enced this type of a canbus tion e xpl os i on .  

As was s ta ted above , grain due t and a i r  mixtu res can support a 
propagating flame above a certain concentration l imit . Th is l imit ia well 
above the leve l that is tolerable to man (e . g . , grain due t in suspens ion at 
the LEL w il l  not transmit l ight over a d is tance of abou t 3 ft) and is not 
permitted i n  personne l a reas . I t is , howeve r ,  tolerable in  process equ ipment 
and qui te frequently ia  reached i ns ide pieces of machinery . In general , the 
inte rnal explos ion of a piece of process equ ipment , pa rticularly i f  i t  ia of 
weak construction (e . g . , s hee t metal walls tack welded or clamped with weak 
clamps ) , will  not cause extens ive external damage because pressure relief 
a llows much of the canbustion to occur e xternally in a much larger vessel 
( the room) and the pressure neve r bu i lds to a damaging leve l .  

Gi ve n  th is s ituation, one m ight aak why damaging due t expl os i ons occur 
in  the grai n-handl ing indus try . The answer is tha t even though high 
c oncentrations of a ir borne dus t a re not tolera ted in  personne l a reas , dust 
accumulates on exposed su rfaces ( i . e . , the laye red dus t )  and cons titutes a 
fuel s ou rce for a n  expl os ion in the personnel a rea i tsel f .  Two caamon 
sequences of events can be used to illus trate what can occu r .  In the firs t  
s equence , a spa rk i s  inadver tently gene rated in a piece o f  process equ ipment 
and the due t concentrat ion is high enough to support combus tion . The weak 
p iece of equ ipment rupture s ,  aa it waa des igned to, at a very low 
overpressu re . The explos ion produces a reasonably la rge fireball of burning 
dust nea r the p iece of process equ ipment and ,  because of vibration and a ir 
motion ahead of the burning region , stirs up due t tha t was layered in the 
personnel a rea and the entire atmosphe re of the a rea becomes canbuatible . 
This leads to a major seconda ry explos ion in the fac i l i ty .  I n  the second 
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sequence , a hot piece of equ ipaent (e . g . , a l i ght bulb)  in an explosionproof 
hous inc) or an expl os ion-proof llotor is cove red w i th sufficient layered dust 
to 1ead to laye r i gn i t ion and smolde ring . A work•n discovers the smoldering 
p ile a nd e ither he or a f ire•n a ttempts to extinguish i t  w i th a water spray 
or Chellical extinguisher spray . This st irs up a cons iderable amount of dust , 
a aae  of which a l ready is  burning , and causes a pri•ry explosion that can 
then tr igge r a seconda ry explos ion i f  the res t of the a rea is di rty. 
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Appendi x C 

EXPLOSIONS IN MILLS HANDLING GRAIN PRODOCTS 

Mi lls of any type ( feed ,  flou r ,  s oy ,  r ice ,  e tc . ) a re subject to the 
same dus t explos ion haza rds as grain elevators s i nce the i r  i npu t  is grain 
and, before process ing , it is handled i n  the same manne r as in elevators 
(e . g . , movement in legs and on conveyor belts , drying , storage in silos) . 

Mi lle , howeve r ,  a re subject to additional dus t expl os ion haza rds because of 
the actual process ing of the grain . The ha za rds a r ise because , at  some 
point in the process ing , the gra in is  ground into fine particles of 
dus t-l ike s i ze ,  and flammable concentrations cannot be avoided . ( Exceptions 
to th is process ing will be discussed later . )  

The f irs t point of dange r is the gr inding operation , usually a hammer 

or roller m il l , where expl os ions can occur for two reasons . Fi rs t ,  
i nges tion o f  tramp • tal or s tones can produce sparks su fficient to ign ite 
the ground mate r i al . Second , the moving parts of the mill can break and 
produce sparks . Even i f  such events do not cause an explos ion in the mil l , 
they can i gn ite the ground material that then is transported to a point 
where a prima ry explos ion can occu r .  

Af ter the grinding operation the mate r ial usually i a  moved to the next 
process ing point by pneumatic conveyors s imilar to those used in dust 
collection s ys tems . Transport ing the material by means of bucket conveyors 
has all of the haza rds attendant to an elevator leg wi thou t the poss ibi l ity 
of dus t col lecti on .  Au ge rs and drag conve yors a re cons iderably less 
hazardous . 

FU rther process ing i n  mos t cases involves treatment with water in  same 

form , e i the r l iquid or  s team . The explos ion haza rd at  this point is remote 
e xcept for one factor . Ma te r i al that escapes fraa the process ing apparatus 
settles on floors , walls , beams , e tc . , and , i f  not removed , eventually dries 
to form a dangerous laye r of due t .  

The product next i s  dr ied and moved w ith in the mill in the same manner 
and with the same haza rds as grain in an elevator . FOrtunate ly ,  the product 
e nter i ng  this por t ion of the mill s ys tem does not contain fine dus t in the 
same concentrat ion as grain ente ring an elevator . 

Operations such as flour production that do not i nvolve a wet process 
are extremely haza rdous . In the ea rly pa r t  of this centu ry i t  was realized 
that the e xpl os ion potential of flou r and corn s tarch was very great . 
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Consequently , there is cons iderable emphasis on housekeepi ng , re inforced by 
the hygienic s tandards requ ire d  for processing mate r ial for human 
consumpt ion . The cme exception noted by the panel while vis iting a mil l 
producing flour  was i n  the bagging operation . The bagging machine was 
located i n  a separate small bu i lding and a layer of flou r ,  inches deep , was 
on the floor i n  s ame  places . 

Ri ce m ills and pel le t  mills a re s omewha t unique and mus t be discussed 
separately . The be l ie f  that r ice mills will not explode is widespread, 
howeve r ,  rice mills have e xpl oded i n  the pas t (e . g . , in Jonesboro,  Ar kansas , 
on May 2 8 ,  196 4 )  ( u .s. Depa rtment of Agr iculture 197 9) . Rice dus t  and corn 
d us t  of the same moistu re ccmtent have s imilar expl os ive characteristics . 
One of the r ice mills vis i ted by the panel ope rated in two ways that 
cootri buted greatly to reducing the hazard . The mill shut down operations 
jus t  pr ior to the harvesting pe r iod to ove rhau l all of the equ ipment and to 
clean the m il l  totally . The owner-ope ra tor also d iscarded all the dus t 
accumulated by the col lection system . 

Du st pel le t  m ills a re i n  a class by themselves because the ir input is 
the explos ive mate r ial , grain dust . In the one mil l vis ited by the panel it 
was obvious that the maj or haza rd exis ted in the rece iving ope ra tion. Dust 
from rai l  cars or tru cks was dumped into a pi t and pneumatically conveyed to 
s ilos . The introduction of an ign i tion source at th is point would have 
caused an immediate explos ion e i the r in the pneumatic system or in the 
a ilo. Du ri ng  the panel ' s  vis i t dus t was be ing unloaded from a closed-body 
truck by means of a fron t-end loade r . Ignition sou rces on the loade r we re 
re adily appa re nt--no protection from ign ition by the motor exhaustr 
headlights (on ) with onl y a l i ght protection r standa rd , batte ry operated , 
s ta rt ing s ys temr a nd no grounding ( rubber t ired wheels) . Dust from the 
s i los was fed to a hamme r mill , we t  processed , pelletized , dr ied , and s tore d 
i n  b ins . The operations following the hammer mill were not part icularly 
ha za rdous and there was l i ttle opportunity for dus t to accumulate in layers . 

A seed plant ' s  mate r i al handling equ ipment operates at s low speeds so 
as to handle the grain gently . Dls t cloud generation and the explos ioo 
haza rd is there fore ccms iderably l owe r  than in othe r mills . 

Some mi lls contain explos ion and fire haza rds greate r than those due 
t o  dus t  (e . g . ,  the use of hexane i n  oil e xtraction) . Howeve r ,  the panel ' s  
concer n  was l imited t o  the haza rd du e  to dust .  

Re commendations for the safe operation of the elevator port ion of 
mills a re ,  of cou rse , the same as those discussed in the main text of this 
re port . The pr i nc ipa l  d i f ference between recanmendations appl ying to the 
elevator and to the process ing system is that dus t collection cannot be 
appl ied to the process ing machinery ,  manual housekeeping assumes a greater 
role due to •leaks • from the process ing machine ry . The one recommendation 
speci fic to mills coocerns ccmveying s ys tems and hamme r mills . 
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All mill operators ques tioned b y  the panel abou t  what they bel ieved 
s �ld be des igned differently i n  new mills to improve safe ty indicated that 
the hammer mill should be ou ts ide the s tructure containing the general work 
a re a .  Al though the panel bel ieves that this response was influenced greatly 
by the uncomfortable level of noise produced by a hamme r mil l , it agrees with 
the sugges tion on a safety bas is . Ita implementation not only would place a 
dangerous process ou ts ide the general wor k a rea but also would increase the 
e JIIPl oyeea • aware ness of any sounds produced by othe r mal functioning 
equ ipment . 

Be cause of the prevalent use of pneumatic conveyance in mills , 
suppress ion devices assume an important role in explos ion prevention . 
Sys tems involving pneumatic conveying of large amounts of expl os ive dus ts in 
high concentrations should always be protected by explos ion suppress ion 
devices . Al though explosion suppress ion devices a re not cons idere d  and 
flour mill safety is emphas i zed , the Incorporated Nationa l  Association of 
Br i tish and Ir i sh Millers (1973)  general publ ication on protection agains t  
du s t  explosions is recommended reading for a l l  involved in the operation of 
e levators and mills . 

In summary , although feed mil ls , flour mills , and grain e levators 
d i ffer  substantially from one anothe r ,  they sha re , in va rying degrees , the 
s ame  dus t expl os ion haza rds . The emphas is for hazard reduction in each type 
of facil ity is the re fore on dus t control , and the panel recommends that 
hammer mills , othe r grinding equ ipment , and the ir dus t col lection s ys tems be 
isolated phys icall y and pneumatically from the main fac i l i ty .  The e fficacy , 
feas ibi l ity, and e fficiency of this recommendation were j udged to have a 
medium haza rd control potentia l .  

REFERER::ES 

Incorporated Na tional As sociation of Br i tish and I r ish Millers , Ltd , Dust 
Explos ions in nou r Mills and Bul k nou r Conta iners , Second ( Revise d) 
Ed ition , London , 1 9 7 3 .  

u . s .  Depa rtment of Agr i cu l ture , Prevention of Dust Expl os ions in Grain 
Elevator--An Achievable Goal , USDA, "-abi ngton , D . c . , 197 9 .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r e v e n t i o n  o f  G r a i n  E l e v a t o r  a n d  M i l l  E x p l o s i o n s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 0 9 5 3

http://www.nap.edu/catalog.php?record_id=10953


Copyright © National Academy of Sciences. All rights reserved.

Prevention of Grain Elevator and Mill Explosions
http://www.nap.edu/catalog.php?record_id=10953

http://www.nap.edu/catalog.php?record_id=10953


Appendix D 

REPORT OF 'l'RE SUBPANEL ON 
RECOIRNDED STANDARDS AND REGULATIONS 

A aubpanel of the Panel on causes and Prevention of Grain Elevator 
Expl os ions was foraed to review existing regulations and s tandards and to 
aaake recaamendationa that will reduce loeaea . The wor k  was l imi ted to grai n 
e levators and d id not include feed mills and process ing plants although much 
of the information is trans ferable . The recaamendationa are not of gra in 
e levator des ign nature , though it was recognized that a need exis ts , but 
rathe r  a re d i rected a t  exis ting operating grain elevators . 

The aubpanel accompl ished the fol lowing : 

1 .  Reviewed existing regulations and standa rds 

2 .  Fa tabl iahed facta about explos ions that would be a bas is for 
creditable regulations 

3 .  Made re gulation recamnendationa 

REVIEW OF EX ISTING REGULATIONS 

There does not exist a regulation spec i fically for grain e levators , but 
there are a cme standa rds , ale rts and ins tructions which have been reviewed . 
The following matters were reviewed: 

1 .  Occupational Sa fety and Health Adminis tration Grain  Elevator 
Indus try Ha za rd Alert - Ja nua ry s ,  1978  

Letter  5/19/7 8  
Le tte r 7/18/7 8  

2 .  u . s . Depa rtment o f  Agricultu re 
Fe deral Gr ain Inspection Servi ce  
FG I S  Ins truction 370-3 Re v .  1 
Al ert Gu idel ine Procedures and Policies upon Encountering 
•saza rdou a Conditione • in Grain Elevators .  

3 .  Na tional Fi re Protection As sociation Grain El evators Bul k  Handl ing 
Faci l i t ies 197 3 
NFPA 61B 

1 2 7  

\ 
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4 .  Indus try Sa fety Standa rds 
- Continental Grain Company 
- Bunge Corporation 
- ca rg il l ,  Inc . 

s .  State of Mi chigan Depa rtment of Labor 
Ocoupa tional Sa fety Standards Co1111isa ion 
Part 7 7  Grai n Elevators and Mills 

6 .  Occupa tional Sa fety and Heal th Adminis tration 
Ha za rdous Mate r ial s Fi re Protection 

7 . Occupational Sa fety and He al th Administration 
Longahor ing - Draft 

8 .  Na tional Electr ical Code - Ar ticle 500 - Ha zardous Locations 
Pane l 14 - Review draft 

The maj or i ty o f  the regulations reviewed were e ither inte r im in  concept or 
are be ing reviewed at this time . For this reason , the au bpane l opted to avoid 
specific review of individual documents , but make general comments only and 
move on to the pos i t ive work of recommendations for effect ive regulations . 

Re � lationa a re too lengthy , containing support data , opinions ,  
statist ics and des ign crite r ia i n  addit ion to the regulations . More than 
hal f  of all gra in e levators have two or leas empl oyees who mus t handle all  
the management functi ons including loss control , and the y requ i re a a imple 
clear re gulation . When pa rt of the regulation is baaed on controve r s ial 
opinion , the ent ire regulation loses credibi l ity and resu lts in a low leve l 
of canpl iance and court coa t ,  d iss ipating capital that shou ld be employed in 
loss control . Efficient regulation focuses on reduction i n  loss of l i fe ,  
1 imb and property.  

BASIC FACTS 

To dra ft an e fficient regulation i t  is first requ ired to establ ish the 
bas ic facta to suppor t the regulation . At present , s tatistics in the 
i ndus try a re poor and s ane additional research is needed to el iminate the 
controve rs y ove r such ques tions as the role of me tal sparks in dus t clcud 
i gn ition .  The following a re facta on which an e fficient , creditable 
regulat ion can be w r i tten and enforced today . 

1 .  The leg or bucket e levator is the number one location for pr imary 
gra in dust explos ion . 

2 .  Poor housekeeping and inadequate dust control leads to disastrous 
seconda ry explos ions with high loss of personnel and prope rty . 

3 .  There i s  l ittle record of pr imary expl os ion in wor k ing spaces of 
the elevator and none in la rge bins , flat wa rehouses or ship holds . 

4 .  Dl8t cloud ign ition sou rces may be divided into high and low 
incidence : 
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- Bot Bearings 
- Welding and cu tting 
- Belt s l ippage and 

misalignment 
- Open flaaes 
- Fore ign objects caught 

in machinery 

REGULATION RBCCMMBNDAT ION 

129 

- Electr ical 
- Static electricity 
- Lightning 
- Metal and s tone sparks 
- Spontaneous cCIIbustion 

A s �le regulation a imed a t  the bucket elevator and the high incidence 
i gn i tion sou rces should el iminate 9 0  pe rcent of the priaa ry explos ions . 
Re CJU lation of the dus t s ys te• and house keeping will reduce the loss resulting 
frOID the few reaaining dus t cloud ignitions and the seconda ry explos ims . 

1 .  Le gs  (bucket e levator ) w ith in closed elevator spaces 

a .  Should be equ ipped with motion switches that sound an 
alarm when bel t  speed fal ls 10  percent and shut the leg 
down i f  the condition is not cor rected in 30 seconds . 

b .  Bear i ngs should not be mounted ins ide the leg cas ing .  

c .  A me thod mus t  be provided to check bea ring teaperatu res 

each ope rating day and a record maintained . In smal l 
elevators a s imple log will su ffice . 

d .  The leg d ischarge should have a plug switch to shut down 
leg feed or s ound an alar• when discha rge becomes plugged . 

e .  Re ce iving leg feeds s hould be protected by a grate where 
the greate r dimens ion is less than the cup project ion and 
the lesser dimension is 1/2 the cup projection. 

f .  Le g  should have explos ion vents to the ou ts ide . The vent 
shou ld be at leas t the ful l  s ize of the head . ve nt as 
nea r ve rtical as poss ible . It is not impl ied that venting 
of the head pulley a rea w ill be e f fective for explos i ons 
othe r than thos'e or iginating in or nea r the head . 

g .  A w ri tten maintenance program including a wor k log dating 
bel t  inspect ion , cup inspection , pulley lagging 
i nspection , motion and plug swi tch checks should be 
unde rtake n .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r e v e n t i o n  o f  G r a i n  E l e v a t o r  a n d  M i l l  E x p l o s i o n s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 0 9 5 3

http://www.nap.edu/catalog.php?record_id=10953


130  

2 .  Electrical 

a .  Al l closed a reas o f  the gra in e levator hous ing 
grai n-handl ing equ ipment should have dus t control and 
housekeeping so as to qual i fy as Class I I , Divi s i on  2 
locations . This will i nclude loading and unloading sheds 
w ith two or more walls . 

b .  The following will be cons ide red ordina ry locations (not 
as hazardous as Division 2 locations ) : 

- Open roof , dock , and ya rd a reas 
- Bu ildings conta ining no grain-handling equ ipment 

and separated from those containing grai n-handling 
equ ipment by f ire wal ls and f ire doors 

- Pressu r i zed roams 

c .  El ectr i cal equ ipment located within conveyor hous ing or 
othe r conta iners where dus t  concentrations may reach the 
l ower expl os ive l imit dur i ng normal ope ration s hall be 
su i table for Class I I ,  Divis ion 1 .  

d .  Al l  replacement belts and pul ley lagg ing should be 
conduct ive having 1 5  megohm or less res istance to ground . 

e .  Al l  motors s hould be grounded i n  accordance with Na tional 
Electrica l  Code . 

3 .  Dls t Control 

a .  With i n  closed e levator spaces , trans fer points and 
free-fal l a reas should be dus t t i ght or dus t control 
s hou ld be provided . Al l  interior legs should have dust 
control . 

b .  A maintenance program and wor k l og  should be kept on all 
dus t systems wi thin the elevator closed spaces . 

c .  Pe r formance of the dus t control system should be 
continuously monitored . 

4 .  Housekeeping i n  wor k a reas of the bui lding s  

a .  Housekeepi ng schedules and logs should be kept on al l 
closed a reas conta ining gra in-handl ing equ ipment . Each 
gallery ,  each tunne l , each headhouse shall be deemed an 
a re a .  

b .  As a guide l ine ,  layered dus t i n  each a rea s hould not 
exceed 1/6 4 •  and i f  made a irborne the concentration 

'
woul d 

not exceed 4 0  g/m3 ( 0 . 0 4  oz/ft 3) for the total volume 
of the a re a .  Grain spills a re not cons idered he re r only 
that material that will pass through a 20 0 -mesh screen 
(7 4 � or smal ler in diamete r ) . 
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5 .  Procedu res 

1 31 

a .  Welding and cutting s hould not be peraitted i n  the e levator 
when ope rat ing and a pe rmi t  syatea should be in e ffect . 

b .  El ectr i cal and a ir tools .  s hould not be used on 
grain-handl ing equ ipment while running , and a me thod of 
cootrol s hould be in place . 

c .  An emergency s i gnal sys tem should be in place . 

d .  Emergency procedures should be wri tten and poated . 

e .  Ql ta ide contractors working in  the elevator should be 
requ ire d to observe the above procedures . 

6 .  The following tra ining will be documente d :  

a .  Emergency procedure dri ll 

b .  Elcplanation o f  dus t explos ion pentagon 

c .  Explanatioo of thi s  regulation 

d .  Annual meeting with local f ire depe rt.nt 

This regulation will be acceptable to respons ible grain men , can be 
e nforced , and will el iminate more than 9 0  pe rcent of the grain elevator dus t 
e xpl os ion problem . 
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sc . D .  from Sou ther n cali fornia COllege . Be wor ked for Boe ing Corporation ,  
Li tton Industr i es , and taught in Ge rmany and Spa in on the facul ty o f  the 
Univers ity of Sou ther n cal i fornia . Presently he ia vice-pres ident of TUsti n 
In st i tute of Te ch nology . 

ROBERT E .  HUBBARD baa a B .Ch . E .  degree from the Un iversity of Minnesota . He 
baa been employed by ca rgill , Inc . for ove r 3 0  years and ia presently 
vi ce-pre s ident and manager of plant ope rations . 

CHARLES w .  KAUFFMAN rece ived a B . S . degree in phya ica from Pennsylvania State 
Un iversity and M . S .  and Ph . D .  degrees i n  aerospace eng inee r i ng from the 
Univers ity of Mi chigan . Be waa employed by Ma rtin Ai rcraft , HRB-Singe r State 
College and the Un iversity of Ci nc innati . He ia an associate research 
scient ist a t  the Univers ity of Mi chigan with resea rch activities in 
c anbuation phenomena . 
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ERNEST c. MAG ISON rece ived a B . S .  de gree in electr ica l  engineer ing a t  Tufts 
Un iver s ity. He has been act ive in s tandards writing activi ties of the 
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