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NOTICE: The Panel  on Causes and Prevent ion o f  Grain Elevator Explosions of 
the Commit tee on Evaluat ion o f  Industrial Hazard s  ha s made a study of  the 
c ause s and prevent ion o f  grain e levator explosions and has publi shed three 
report s :  NMAB 367-1 , The Invest igat ion o f  Grai n Elevato r Explosion s ;  NMAB 
367-2, Prevent ion of  Grain Elevator and Mil l  Explo sions; and NMAB 367-3, 
Pneumatic Dust Contro l  in Grain Elevator s .  

The panel obt ained some of  its  inf o rmation f o r  the report s from the work of 
an Explosion Investigation Subpane l . Members  of  the subpane l were selected 
by the pane l on the basis of recogni zed competence in the specific  areas 
pertinent to tha t  task. 

The subpanel report c ompr i se s  inf o rmation that was submi tted a s  background 
t o  the panel deliberat ions and , a s  suc h ,  ha s no t been reviewed in accordance 
with usual NRC review procedure s .  The vie ws presented in this  document a re 
those of  the subpanel members only . 

The pro ject was approved by the Governing Board o f  the National Research 
Counc i l , whose member s are drawn from the counc i l s  of the National Academy 
of Science s ,  the National Academy of Engineering , and the Insti tute of 
Medic ine . The members of  the pane l responsible for the report were chosen 
f or their special competences  and wi th regard f or appropriate balance . 

The Nat iona l  Research Counci l  wa s establi shed by the National Academy of 
Sciences in 1916 to associate the broad communi ty of science and technology 
wi th the Academy 's purposes of furthering knowledge and of advi sing the 
f ederal government . The Counc i l  operates in accordance with general 
polic ie s determined by the Academy under the authority of it s congressional 
chart er of 1863, which e st abli shed t he Academy as a private , nonprof it , 
sel f -governing membership  corpora t ion . The Counci l  has become the principa l 
operating agency of both the Nat i o nal Academy of  Sciences and the National 
Academy of Enginee ring in the conduct of their service s to the government , 
the public , and the scientific  and eng ineering communi ties . It i s  
admini stered jointly by both Academie s  and the Insti tute o f  Medicine . The 
Na tional Academy of Eng ineering and t he Insti tute of Medicine were 
established in 1964 and 197 0 ,  re spect ively , under the charter of the 
National Ac ademy of Sciences . 

--------------------------------

The pro ject by the Nat ional Materials Advisory Board was conduct ed under 
Contrac t No . J-9-F-8-0137 wit h  the Occupat ional Saf ety and Heal th 
Administration ( OSHA) . Funding was provided by OSHA, Na tional Inst i tute for 
Occupat ional  Safety and Heal t h ,  and the Department of  Agriculture . 

This report i s  for sale by the National Technical Informat ion Service , 
Springfield , Vi rginia 22151 . 

Printed in the United States of America . 
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ABSTRACT 

A methodology for investigating grain elevator explos ions i s  
pre sented . The informat ion that forms the bas i s  f or the methodology wa s 
gathered by a subpanel of the Panel on Cause s and Prevent ion o f  Grain 
El evator Explosions who inve st igated a number of  grain e levator explosions 
generally soon after they occurred . The pane l used the informat ion a s  an 
i nput t o  f orming i t s  conclusions and recommendat ions publ i shed in a series 
of  report s .  

In addition , several explos ion incident s a re described in detail  t o  
illustrate typical grain elevator e xplo sion scenario s .  
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PREFACE 

The Panel on Cause s  and Prevent ion o f  Grein E levator Explosions was 
constituted a s  a unit of the parent Commi t tee on Evaluat ion of  Indus trial 
Ha zard s .  The pane l's mis sion was t o  study due t  explosions in the 
grai n-hand ling industry and i s sue report s on the cause s o f  explosions and 
re commendations for the prevention of further i nc ident s .  The work was 
sponsored by the Occupat io nal Safety and Health Admini strat ion , the National 
Insti tute f or Occupational Safety and He alth, and the Department o f  
Agriculture . 

The panel published three report s: NMAB 367-1 , The Investigat ion of  
Grain Elevator Explosions;  NMAB 367-2, Prevention o f  Grai n Elevator and Mil l 
Explosions ; and NMAB 3 67-3, Pneumat ic Dust Control in Grain Elevators . 

The i nformation which formed the bas i s  for the pane l ' s  conc lusions and 
recommendations consi sted of publi shed material , prepared d iscussions o f  
invited speakers at pane l mee t i ng s , and the personal expertise of  the panel 
member s .  In addit ion , the panel formed an explosion inve st igat ion subpanel 
to conduc t on-site invest igations of  explos ions generally soon af ter they 
occurred . Inf ormation and e xperie nce gained from invest igat ing a number of 
explosion inc ident s were also used to  make some of the judgment s presented 
in the three report s of the pane l .  

Thi s  document i s  a descript ion o f  the methodo logy f or inve st igat ing 
grai n dust explosions  used by the invest igation subpanel . In additio n ,  
several e xplosion inc ident s are described in  detail t o  acquaint the reader 
wi th repre sentat ive sequence s of  event s and the informat ion that can be 
derived from them . Al l i nformation was considered by the pane l in reaching 
the conc lusions and recommendat ions stated i n  NMAB publicat ions 367-2 and 
367-3 . 

The subpanel report compri se s  i nformat ion that was submitted a s  
background to the pane l deliberat ions and , a s  such , ha s no t been reviewed i n  
accord ance with usual NRC revie w  procedure s .  The vie ws pre sented i n  this 
document are those of the subpane l members only . 
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Chairman 

CHARLES w. KAUFFMAN, Unive rsi ty o f  Michigan , Ann Arbor 

Members 

WILLIAM c. BRASIE , Dow Chemical Company , Midland , Michigan 

VERNON L .  GROSE , Tustin Inst itute of Technology , Sant a Barbara , California 

ROBERT F .  HU BB ARD, Ca rg ill , Inc . , Minneapoli s ,  Minnesota 

ROGER A .  STREHLOW , University of Illinoi s ,  Urbana-Champaign 

Li aison Re pre sentatives  

MARTIN A .  E SHLEMAN , Department of Agriculture , Washington ,  D . C . 

THOMAS H .  SEYMOUR , Occupat ional Safety and Health Admini stration, 
Wa shing ton, D . C . 

*Al l  subpane l members d id not visit every acc ident site . 

vii 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Guidel ines for the Investigation of Grain Dust Explosions: Report
http:/ /www.nap.edu/catalog.php?record_id=18698

http://www.nap.edu/catalog.php?record_id=18698


Copyright © National Academy of Sciences. All rights reserved.

Guidelines for the Investigation of Grain Dust Explosions: Report
http://www.nap.edu/catalog.php?record_id=18698

http://www.nap.edu/catalog.php?record_id=18698


PANEL ON 
CAUSES AND PREVENTION OF GRAIN ELEVATOR EXPLOSIONS 

Chai rman 

ROGER A. STREHLOW, University of Il linoi s ,  Urbana-Champaign 

Members 

JOHN E.  ALBE RTSON, American Federation of Gove rnment Emp loyees , 
Washingto n ,  D . C .  

WILLIAM c. BRASIE , Do w Chemical Company , Mid land , Michigan 

ROBERT M. FRYE , MAC Pneumatic Systems , Inc . , Kansas City , Mi s souri 

VERNON L.  GROSE , Tu stin Institute of Techno logy , Santa Barbara , Cal i fornia 

ROBE RT F .  HUBBARD, Cargill , Inc . , Minneapoli s ,  Minne sota 

C HARLES w. KAUFFMAN, Univers ity of  Michigan , Ann Arbor 

ERNE ST c. MAGISON , Honeywell Inc . , Fo rt Washingto n ,  Pennsylvani a 

ALLE N I .  ORMSBEE* , University of Illinois , Urbana-Champaign 

ALBE RTs . TOWNSEND ,  National Agra Unde rwriter s ,  Inc . , Camp Hil l ,  
Pennsylvani a 

Liaison Representative s 

EDWARD J .  BALLITCH, Food and Drug Administration , Washington ,  D . C .  

PETER BOCHNAK, National Institut e  f o r  Occupat ional Safety and Health , 
Morgantown , We st Vi rg inia 

MART IN A. E S HLEMAN, De partment of Agriculture , Washing ton ,  D .C .  

*Ap pointed during t he course o f  the study . 

i x  

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 .

G u i d e l i n e s  f o r  t h e  I n v e s t i g a t i o n  o f  G r a i n  D u s t  E x p l o s i o n s :  R e p o r t
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 8 6 9 8

http://www.nap.edu/catalog.php?record_id=18698


DON GOODWIN, Environmental Protection Agency, Research Triangle Park, 
North Carolina 

DONALD D. HERRING, Department of Agriculture, Washington, D.C. 

JOHN F. McANULTY, u.s. Coast Guard, Washington, D.C. 

THEODORE A. PETTIT, National Institute for Occupational Safety and Health. 
Morgantown, West Virginia 

JO SEP H E. P IPKIN, Occupational Safety and Health Administration, 
Washington, D.c. 

YESHAJAHU POMERANZ, Department of Agriculture, Manhattan, Kansas 

THOMAS H. SEYMOUR, Occupational Safety and Health Administratio n, 
Washington, D.C. 

BERNARD T. WOLFSON, U.S. Air Force, Washington, D.C. 

NMAB Staff 

STANLEY M. BARKIN, Staff Scientist 

NELSON T. GRISAMORE, Staff Scientist 

X 

Copyright © National Academy of Sciences. All rights reserved.

Guidelines for the Investigation of Grain Dust Explosions: Report
http://www.nap.edu/catalog.php?record_id=18698

http://www.nap.edu/catalog.php?record_id=18698


COMMITTEE ON EVALUATION OF INDUSTRIAL HAZARDS 

Chairman 

HOMER w. CARHART ,  Naval Re search Laboratory , Washington,  D . c .  

Member s  

F REDERICK R .  E IRICH , Po lytechnic Institute of  Ne w York,  Ne w Yo rk 

LELAND J.  HALL , The Mil l  Mutual s ,  Chicago , Illinois  

ERNEST c. MAGISON , Honeywe ll Inc . , Fo rt Washington ,  Pennsylvania 

J. ARTHUR NICHOLLS , University of Michigan , Ann Arbor 

PETER J .  SCHRAM, Underwri ters Laboratorie s ,  Inc . ,  No rthbrook, Illinoi s  

ROGER A.  STREHLOW , University of Illinoi s ,  Urbana-Champaign 

Li aison Representat ive s  

PETER BOCHNAK, Na tional Institute f or Occupational Safety and Heal th,  
Morgantown , West  Vi rginia 

CHIA CHEN, Occupational Safety and He alth Administrat ion,  Washing ton , D . C . 

ANDREW M.  COWAN , Department of  Agriculture , Be lt svi lle , Maryland 

JOHN A. G ERARD, Na t ional Institute f or Occupat ional Saf ety and Health,  
Morgantown , West Virginia 

RICHARD w. Mc QUAID, David w. Tay lor Nava l Ship Re search and Development 
Center , Annapolis , Maryland 

JO SEPH E .  P IPKIN, Occupat ional Safety and Health Admini strat ion , 
Washingto n ,  D . C .  

THOMAS H .  SEYMOUR, Occupat ional Safety and Health Admini st ration , 
Washing ton , D . c . 

xi 

Copyright © National Academy of Sciences. All rights reserved.

Guidelines for the Investigation of Grain Dust Explosions: Report
http://www.nap.edu/catalog.php?record_id=18698

http://www.nap.edu/catalog.php?record_id=18698


Technical Advisors 

ERSKINE HARTON, Consultant, Fall s Church, Virginia 

MURRAY JACOBSON, Mine Safety and Health Administratio n, 
Arlington, Virginia 

NMAB Staff 

STANLEY M. BARKIN, Staff Scientist 

xii 

Copyright © National Academy of Sciences. All rights reserved.

Guidelines for the Investigation of Grain Dust Explosions: Report
http://www.nap.edu/catalog.php?record_id=18698

http://www.nap.edu/catalog.php?record_id=18698


CONTENTS 

Page 

Chapter 1 INTRODUCTION 1 

Chapter 2 INVESTIGATIVE METHODOLOGY 5 
Nature of Explosions 5 
Methodology 7 

Chapter 3 SUMMARY OF ON-SITE INVESTIGATIONS 13 

APPENDIX: INVESTIGATIONS 17 
Incident No. 1 17 
Incident No. 2 21 
Incident No. 3 23 
Incident No . 4 25 
Incident No . 5 27 
Incident No . 6 30 

xiii 

Copyright © National Academy of Sciences. All rights reserved.

Guidelines for the Investigation of Grain Dust Explosions: Report
http://www.nap.edu/catalog.php?record_id=18698

http://www.nap.edu/catalog.php?record_id=18698


Chapter 1 

INTRODUCT ION 

Du st explosions have occurred with c ons iderable fr equency in  grain 
proces s i ng  facili t ie s  s i nce the incept ion of the industry . All grain
handling f ac i li t i es that receive and t ransf er grain , f rom country elevators 
collec t i ng  directly from the farm to  hug e export t erminals , have been 
susceptible to  explo sions . A number of explosions near the end of 1 977 and 
in early 1978, which caused many fatalitie s  and t ens of mi llions of  dollar s 
worth o f  damage , prompted ac tion on the part of f ederal agenc i es to look for 
ways t o  reduc e the frequency o f  explosions . Part of thi s ac t ion was the 
convening o f  a panel under the auspices o f  the National Mat erials Advi sory 
Board (NMAB) of the National Research Counci l  t o  study causes of grain 
elevator �xplosions and recommend ways t o  prevent them.  Th e charge of this  
pane l inc luded conduct i ng  on-site investigat ions of explosions occurring 
duri ng the panel's t enure. The purp ose of the invest igations was both to 
det ermine the causes of the explos ions and to  develop inve s t igative 
methodology . Th e pane l ' s  inves tigat ion subpanel went to a number o f  
explosion s i te s  generally soon af ter the the occurrence of the explosion s .  
Substantial expert i se was d eveloped by the subpanel members , some of whom 
were already familiar with explosion inves t igat ion , and they identified the 
probable s equenc e o f  event s i n  all but one of the incident s investigated . 
The panel ha s  published three report s on i t s  s tudy ( Nat iona l Materials 
Advi sory Board 1980 , 1982a , 1982b ) .  Th e purpose of thi s r eport i s  t o  r elate 
the methodology and philosophy of invest igation based on the experi ence of 
the investigation subpanel and to descr i be some typical exp losion scenario s .  

Chapt er 2 of thi s report di scusses the investigation methodology and 
philosophy ; Chap t er 3 contains a summary of report s  on some o f  the explo sion 
event s tha t  the t eam investigat ed , and the Appendix contains more detai l on 
those i nc ident s .  In each i nvestigat ion the purpose was to d et ermine the 
mos t plausible ini tiation and s equence of event s ,  not t o  plac e blame for the 
explosion.  Th e int ent of thi s effort is to help identify the generic 
element s that l ead to dus t explosions in grain elevator s and , thus , provid e 
addi t ional ins ight and kno wl edge t o  those in the indus try s o  that explosions 
may be prevented . 

Considerable l i t erature has been d eveloped in r ec ent year s on the causes 
of grain elevator explosions . One very ext ensive study ( Verkade and Chiott i 
1 976) ident ified 12 6 explosions and r eport ed that for 40 p erc ent of them the 
cause s were unknown . Many in the industry still believe that a large 

1 
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percentage of explosions are not explainable. However, the investigating 
subpanel believes that the causes of previous explosions were not identified 
either because there was no investigation or because there was no effective 
effort to determine the patterns of the explosions. 

There are various reasons for the lack of investigation of individual 
explosions. In some cases management may not be committed to finding the 
cause. Insurance companies may simply pay off the loss without serious 
investigation due either to their own internal policies, the lack of time, 
or not being able to provide enough experienced investigators at the site. 
People not directly associated with the elevator often have no motivation to 
learn exact details other than to submit a report to a state agency on the 
most likely cause. Many times state or local agencies have no real 
commitment to ferret out the precise cause. 

The grain industry in its dedication to determining the general causes 
and improving the preventive measures that are necessary to reduce the 
number of explosions could benefit from procedures established by other 
industries. For example, the chemical industry has always shared 
information concerning accidents that caused fatalities, injuries, and 
property damage. That sharing requires the willingness to expose to their 
fellow industry members those scenarios and events that could happen in 
other locations. It has helped the chemical industry to establish a safety 
re cord that is commendable. The grain industry is only beginning to look 
upon this sharing as a valuable procedure. 

"Prevention of Grain Elevator and Mill Explosions" (National Materials 
Advisory Board 1982a) describes the major causes of grain dust explosions 
and recommends preventive measures based in part on investigations of the 
type described in this report. Many of the causes can be eliminated 
immediately, some require retrofitting, and others may be impossible to 
eliminate without rebuilding entire structures. Many of the major causes 
that now are repeated year after year (for example, overheating of bearings) 
could soon become minor causes. For example, microprocessors are now 
available to monitor even some of the simplest functions in a grain 
elevator, including whether or not belts are moving at proper speeds or are 
properly loaded or that bearings or bins are overheating, etc. In the near 
future, even small elevators will be able to afford some sort of micro
processor sensing. Already a small system can be installed for under 
$10,000. Nevertheless, the investigation of causes of grain dust explosions 
m ust be a continuing endeavor as a ll causes cannot be totally eliminated. 

The panel hopes that in the near future a suitably placed, pe rmanent 
i nvestigating capability will be established to continue the work of grain 
elevator investigation and provide the industry and government with reports 
on incidents as they occur. The panel has already presented a positive 
recommendation for such an action (National Materials Advisory Board 1980). 
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A permanent , professionally recogni zed and accepted , object ive 
inve st igating body would not be hampered by some of  the problems f aced by 
the i nvest igati ng  subpanel . For example , because of their professional 
commi tment s ,  the subpanel members were not always able to respond 
immediately whe n notif ied of an explo sion . Also , although the subpanel 
assured grain e levator manager s t hat i t s  sole purpose was to seek causes and 
ident ify ways to prevent future explosions and not to place blame , some 
managers viewed the subpane l ' s activi t ies as haras sment . 

Thi s repor t describe s  the type of  investigat ion that i s  envisioned for a 
permanent body t o  conduc t .  
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Chapter 2 

INVESTIGATI VE METHODOLOGY 

NATURE OF EXPLOSIONS 

The inve stigation of dus t explo sions begins wi th a basic understanding 
of what i s  involved in the explosion proces s .  The be s t investigat ion plan 
i s  based on prior knowledge of the probable chain of event s invo lved in the 
explosions . Although there are differences in  explosion pat terns at 
different locations , there is a general pattern that is repeated over and 
over again .  Event s  a t  different locat ions often differ only in minor 
detail s .  

Du s t  explosions occur when s truc ture s rup ture due t o  the pre s sure 
generated by the very rapid combustion of suspended dust in air af ter 
i gni t ion by a source with energy suf f icient to  igni te dust . In most case s  
igni t ion sources with energies o f  a t  leas t 10 t o  20 mi lli j oule s are 
re quired , but , upon inve stigat ion , one f ind s that the primary i gni t ion 
sourc e s  have generally many time s  the minimum ene rgy required . When dus t 
burns i n  a conf ined space i n  air , pressure s of  80 to 120 p s ig are attained .  
In mos t  case s  the structure explode s since the mos t  common membrane 
materials u sed i n  the construction of grain e levators fail a t  pres sures 
ranging from 2 to 3 psig up to  30 psig ( Brasie 1979). As the combust ion 
proceed s ,  the pre s sure in the bui lding and all the interconnected spaces 
increases a t  a rate that i s  a func t ion of the type of fue l ,  the amount of 
fuel per uni t volume , and the s i ze of  openi ngs or vent s that permi t s  the 
pressure to be relieved . Whe ther or no t a struc ture rupture s i s  t hen simply 
a f unc tion of the c ompe tit ion bet ween the rate of  pres sure i ncrease and t he 
abil i ty of the vent spaces to  keep the pre s sure from ri sing above the 
failure point . Unfortunately , the basic design in mos t  grain elevators i s  
such tha t  most o f  the conf ined space s ( for example , tunne l s  and legwe ll s )  
have virt ually n o  vent area . Some headhouses are virtually windowles s ,  and 
combustions originat ing i n  those headhouse s generally cause part ial i f  no t 
c omplete destruc tion . 

There i s  no "explosion" unt i l  some part of the s tructure actually 
rupture s . The boom or noise heard exterior to the explod ing structure i s  
the noi se cau sed by the air re turning t o  the reduced pre s sure zone created 
by the explosio n .  I n  very large , complex structure s , particularly those 
f ound in terminal or export e levator s ,  the volumes of  the interconnected 
space s are very large . Tunnel s  running underneath silos may be hundreds of  

5 
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f ee t  long . Galleries are of comparable leng ths . The interior de sign o f  
headhouses varies from some i n  which the bucket elevators a re in s teel 
enclosures  in open areas to  tho se in  which the e levat ion equipment i s  insid e  
hollow c oncrete wel l s  or shaf t s . Al l elevator s contain s torage bins , either 
for primary storage or for use as " working bins , "  that are generally within 
the f rame work of the headhouse . Sine� the purpose of  the e levator i s  to 
move grain into and out of all of  the se places ,  f ire and pre s suri zed 
c ombus tion produc ts can go through the various interc onnec tions and reach 
many of  the bins and working space s . Since the rate of f lame propagation 
and movement of pre s suri zed gases i s  f ini te , an  explosion in  a given 
building complex may actually be a se rie s  of explosions wi th t ime interval s 
o f  frac tions to  greater than 1 second bet ween them , depending on the 
distances and the preci se ci rcumstance s .  

I n  the mos t  general scenari o a bucket elevator casing will exp lode 
because of a f i re inside and the resulting ove rpressurizat ion . The 
re sulting f ireball that i s  emi t ted causes air movement , which rai se s the 
local dus t that i s  lying around. Thi s suspended dust burns , causing a 
greater f ire and the accelerat ion of the movement of air throughout the 
facili ty , thus increasing the combustion zone volume . The ho t gase s 
generated c an penetrate up , down ,  or laterally in the elevator complex ,  
depend i ng  o n  the ini tial loca t ion.  For example , the combustion front may 
traver se t o  the top o f  the headhouse , down a long the gallery and into empty 
bins whe re ne w dus t "fue l "  may be found . One or more bins may then explode , 
generating more combustion gase s ,  which then may enter the tunnel and 
proceed in both di rections down the tunne l ,  enter more bins through spout i ng 
or perhaps proceed to other sect ions of the e levator complex . The entire 
proc e s s  can easily las t several second s .  Sturdier part s of the e levator may 
sustain pre ssure s a bove 10 or even 20 psi . Other port ions of less rugged 
cons truc t ion may fail at lower pres sure s .  When sel f -venting occur s ,  i . e . , 
rupture o f  membrane s to the exterior , the ra te o f  expansion of the 
combust ion gas i s  slowed down substantially and pene tration along furthe r  
interconnec ted space s  may not occur , particularly if  there i s  insufficient 
fue l  to be suspended to keep the concentration above the lowe r f lammabi lity 
limi t of that part icular dust combinat ion.  

One cannot predict with any accuracy what the pat tern will be in a given 
e levator complex . However , an inve st igation of the no rmal amount of ambient 
dust in different locat ions ( which i s  a func t ion of housekeeping and dus t  
collection procedure s )  will g ive s ome indication of  the potent ial f or an 
explos ion and the likely extent of damage . The

· 
amount s and locat ion of 

ambient dust that survive the f ire and explosion process  i s  some t imes a 
valuable c lue in helping t o  pinpoint the original source . Sometime s  f lame 
front edge s may be seen a long dusty walls or on other surf ace s  delineating 
the size and extent of f lame propagation . Obviously , if  a f lame front die s 
part way d own a t unnel the origin o f  the f lame mus t be at the burned end of  
the s t ructure . These type s of c lue s  may be helpful in  pinpointing the 
origin. 

The above remarks are intended to help c larify wha t is a dust 
"explosion" in a grai n-hand ling comp lex . Kno wing that the basic process i s  
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one of  pres surizat ion with out ward movement of  gase s toward s availabl e 
openings helps the inves t igator understand from which d irec tion t he 
pres suri zat ion occur red . In the cases in  which an explos ion reache s 
shock-speed levels , the propagat ion of  the shock wave radially a way f rom the 
source may be quite evident by the deformat ion of struc tural members in the 
pa th of the expanding high-speed shock wave . He nce , i t  is fairly important 
tha t  the investigator have a menta l picture of  what the physics of  the 
explosion proce ss were in order to  help locate the origin and ident ify the 
d i rect i ons of propagat ion. 

METHODOLOGY 

The purpose o f  the investigation i s  to identify the original source of 
ignit ion and couple thi s  with informat ion concerning the available dust 
load ing ( i . e . , quantity of layered dust per unit volume ) to describe the 
explosion event in ap propriate de tai l . Many different sou rce s o f  fact s mus t  
be inve s t igated i n  order to  put t oge ther a c oherent , logical and defendable 
sce nario for the explosion . There are seve ral basic mechani sms: 

1. The d irec t  investigation of the site and examination o f  all of the 
areas and identif icat ion of  those c lue s and piece s of  inf ormat ion 
that help in describing the basic explosion process at  this site . 

2. Intervie wing and talking wit h  anyone who can provide some 
inf ormation on the event . These people inc lude operating personne l 
on the s i te , people in  nearby buildings such a s  office s ,  home s , or  
other i ndustrial fac i li t ie s , and even passers-by . 

3. The pos t -explosion examinat ion of individual items in a 
laboratory. Thi s  s tep might inc lude , f or example , the 
inve s tigat ion of marks , frac ture surface s ,  deformation of pa rt s , or 
things related to electrical component s .  In thi s  phase , care must 
be taken to determine whethe r  the damage to  the individual 
c omponents being examined resulted from the explosion proce ss being 
inves tigated or from some earlier event . Individua l judgment must 
be used in the se examinat ions . 

The general approach to inve s t igation i s  to  have a team of experienced 
invest igation people . The tasks of the speci f ic inve stigation are logically 
d ivided into  the areas di scus sed above . Depending on the c i rc umstance s and 
the ava i labili ty of witnesse s , it may be des i rable to have one or t wo team 
member s do al l the appropriate interviewing . Intervie wing i s  not wi thout 
i t s  d if f icult ies since witnesses may assume that an inve st igator is an 
adversary . In some cases i t  may no t be possible to determine anythi ng  
because o f  the potent ial f o r  l i t igation. 

Site Investigation 

Those d irectly invo lved in  looking at the struc ture and surroundings 
have a complex tas k .  It is de sirable to mee t f irst wi th the owners and 
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manage rs of the facility and local off ic ials to appri se them of the mi ssion 
and i ntent of t he inve st igating team. The t eam can e stablish rapport wi th 
management by stat ing who they are , why they are at the fac i lity , and what 
they plan t o  do and accomplish. Af ter t heir preliminary investiga t ion the 
team should once again meet wi th management to  share info rmation and 
f indings. This wi ll be helpful in the event t hat the t eam wishes t o  rev i sit 
the damaged site to  witness , for example , salvage operat ions . 

If p ossible , the t eam should o btain a building o r  drawing p lan s howi ng 
the various space s and inte rconnect ing de sig n. The layout o f  the comp l e x  i s  
sometime s not obvious i f  destruct ion i s  seve re . Needless t o  say the 
invest igating team should be properly prepared f rom the standpoint of  
safety. Hard toed shoes ,  protec tive c lothing, and hard bat s a re mandatory. 
Glove s should be wor n. Excellent , po rtable l ight ing i s  ext remely 
desirable . A powe rful s ix-cell f ocusing f lashlight is invaluable since 
there is of ten no powe r at the site and at night ext ra illuminat ion is 
a lways needed . Furthermore , tunne l s , the inside of bins , and gallerie s may 
be dimly lighted , i f  at al l .  The invest igat ive team should have it s own 
l iabi lity insurance and should a s sure management t hat t he t eam i s  
partic ipating i n  the investigation a t  i t s  own risk. Rule s and re st rict io ns 
of local o f f ic ials , such as f i re marshals o r  other safety people , should be 
followed . It may be necessa ry , howeve r ,  to  negotiate wi th these off ic ial s 
i f  the re strict ions a re a rbit rary and unnecessari ly severe . In some cases 
the re i s  a preoccupat ion with immediate removal of rubble and wrec kage t o  
c lean u p  the site . It  i s  desirable t o  photograph and examine the wrec kage 
before rubble and wrec kage are removed , unle ss  the re i s  a t ime consideration 
i nvolved ( f or example , injured personne l in t he wreckage ) .  

The site invest igat ive team should go through the ent i re structure 
sy stematically f r om t op t o  bottom and from end t o  end as accessibility 
permit s .  Photographs should be taken of any p lac e s  on  the site  that have 
any p ossi ble c lue s .  A record o f  the locat ion of the photographs should be 
maintained as  they are obtained. It i s  de si rable , i f  possible , t o  indicate 
the location of  photographs on a s ite or e levat ion drawing . There are many 
things for the inve st igating team to see k. Some of the important c lue s 
i nc lude the d i rect ion rubble i s  thrown and the extent of damage of various 
st ructural element s such as !-beams , conc ret e  wall s ,  reinforcing bars , o r  
o ther i tems . 

In locations such a s  tunnels  o r  gallerie s ,  where t here may be light 
const ruc t ion items such a s  spouting , part icular a ttention should be pai d t o  
the extent o f  deformation and i ndicat ions o f  t he direc tion of the pressure 
wave . Even smal l  details should not be ove rlooked,  such a s  which p iece s  of 
rubble or wreckage are on top o f  which other pieces , whether g lass  is blown 
in or out , and whether  the roof ba s been lifted and re sett led . 

Ge neral ly , a f ter several tours through the accessi ble part s of the 
complex the basic explosion pat te rn should be discerni ble and the point of 
ori gin o f  the combust ion can be determined . It i s  then import ant to go back 
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to the area of o rigin and look for  possible sources of  ignit io n. 
Unfort unately , the damage in the area of o rigin may be so bad t hat i t  is not 
possible to f ind the crit ical evidence before clearing away the debr i s. 
Bucket e levator casing s ,  bucket s , belt s ,  e tc . may be buried under tons of 
wreckage . Fo r  example , the bot tom bearing in the boot , which might be 
s uspected a s  an igni t ion sourc e ,  f requent ly i s  not accessible . In some 
case s the boot not only may be under wreckage , it  may be under water f rom 
the f irefight ing act ion. In s uch case s ,  cooperation with those involved in 
removing the wreckage or demoli shing the fac i lity i s  requi red to be sure 
that a t  the t ime the critical e lement s are exposed someone i s  avai lable to 
obtain them for invest igat ion before they are thrown away . It  may not 
always be easy to  obtain this c ooperat ion. 

The second phase of the initial  investigat ion can be described as 
looking f or small detail s. Thi s  phase may inc lude t he col lec t ion of p ieces 
and part s ,  ( fo r  example , component s of elec t rical systems) or othe r  things 
that may require detailed off-s ite examinat ion . At the s i te the team should 
met iculous ly go through the wrec kage and note minute detai l s  of the 
pl acement and locat ion of wrec kage wi th respect  t o  the sequence in which the 
items are piled on top of each othe r .  The team should carefully look for 
and examine evidence o f  f lame f ront s a nd the d irection in  which the f lame 
f ront s advanced . For example , f requently light s in tunnels  wil l  show char 
marking s on one side o f  the l ight only. The deformat ion, bending or 
twisting of light-gauge metal objec t s  i s  of ten a clue t o  the d i rection f rom 
which f orces were app lied . Photographs of these detai ls a re extreme ly 
valuable and suf f ic ient record s should be kept to indicate the location of 
the se i tems . 

Fre quent ly t he fai lure of e lec tric c omponents  may be j udged t o  be the 
cause of the initial ignition . Howeve r ,  one must be caref ul to be sure that 
b roken or  damaged e lec tric c omponent s show posit ive evidence t hat they 
failed prior t o  the explosion. It i s  easy t o  mi s j udge a smashed , 
short ed-out sec t i on of c onduit o r  wire a s  being re spons ible for  t he igni tion 
when in fac t  the damage wa s done during the explosion proce s s. 

The placement and layering o f  rubble , a s  ment ioned bef ore , can provide 
important clue s  as to the sequence in which different po rt ions of structure s 
failed . Da mage exterior t o  the main st ruc t ure may a lso provide c lue s in  
some case s . Dif ferences in damage ad jacent to  various opening s in the mai n 
e levator s t ruct ure can provide c lue s t o  the intensity of the pressure wave 
coming f rom the various aperture s .  Thi s in turn can provide insight int o 
the d irect ion and st rength o f  the pre s surization process d uring the main 
explosion event ( s) . 

Al though t hese comment s a re broad and gene ral , once some f ield 
experience is developed , i t become s relatively easy to  so rt out the various 
factor s  and to begin to p inpoint the probable initial zone of the explosion 
proces s. It i s  then impo rtant to  t ry t o  est imate wha t wa s the sing le 
ini tial f ire-explosion event t hat s tarted the whole sequence . The 
expe rience of the invest igat ing subpane l was  that thi s wa s a di scernible 
event in almost all of the cases i nvestigated . 
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Sometime s  the igni t ion source i s  a factor external to  the basi c 
operation of  the terminal i t self . For example , the leakage of  propane into 
parts of struc ture s  associated with grain elevators and the subsequent 
ignition of the propane were the f irst  steps in the destruc t ion of  a 
facility . The e levato r ,  pri marily of wood , was burned to  the ground leaving 
no evidence of bla st effects that may have occurred due t o  an init ial dust 
explosion. Howeve r ,  from late r examinat ion and informat ion provided by 
people associated with the operat ion, i t  was determined that there was an 
ini t ia l  leakage of propane--from a line recently instal led to provide fuel 
f or a dryer--into an adjacent struc ture where ignit ion occurred during grain 
loading and unloading operations . The propane explosion propagated into the 
e levator proper and the rap id expansion of  the propane f ireball init iated a 
dus t explos ion. Indeed a dus t explosion occurred and did heavy damage t o  
the e levator , which, being made of wood , was soon totally engulfed i n  flames 
and destroyed . In a case like thi s , one must look at  the operat ion of a 
total e levator complex to inc lude not just those things a ssociated with the 
movement or  processing of  grain but all those element s tha t are required t o  
operate the c omplex . 

Interviewing of Witne sse s 

Another major port ion o f  the i nve stigation i s  the interviewing o f  all 
wi tne s se s who may have informat ion leading to  the determinat ion of the caus e 
of the exp losion. Those who should be interviewed inc lude ope rational 
people d i rectly on the site , people in nearby off ice s or o the r functional 
bui lding s , truck drivers or rai l road employee s who may have been in the 
vicini ty , maintenance people , people who may have been driving by or wbo 
l ive or work nearby . When an approximate t imetable o f the event s  lead ing up 
to the explos ion has been determined , i t  may be advi sable to re-interview 
some of the people in order to f i l l  in details as the total p icture begins 
to emerge . Hence , several different interviews may be de sirable wi th 
vari ous people. I t  i s  part icularly desirable t o  interview peop le one at  a 
t ime and to  the extent possible not reveal statement s of one ind ividual to  
o ther witnes ses. 

After the f irst round of interviewing , it is important t o  try to 
reconc ile the storie s and vie wpoint s expre s sed by those interviewed . 
Di screpanc ies in  descriptions o f  what happened will frequent ly occur and 
need to be resolved . The resolution of di screpanc ie s generally require s 
very tac t ful re interviewing . Witnesses may have hazy recollect ions and may 
exaggerate or present faulty opinions . They may collaborate on a "saf e "  
scenari o ( i .e ., nonincriminating ) .  Therefore , to  g e t  the bes t  cooperat ion 
from all concerned , it is important to convey to t he interviewee s that the 
i nterviews are nonpuni tive and nonthreatening . 

Other source s of informat ion are those involved in the eme rgenc y 
proce ssing a f ter the explosion. They inc lude f ire fighter s ,  police or o ther 
local off icials , and those who have treated the injured in case s whe re 
i njuri es occur . Frequent ly inf ormat ion i s  pas sed from those injured to 
those he lpi ng ,  such as  ambulance driver s .  The subpane l noted that a t  later 
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time s injured witnesses have a tendency t o  b e  nontalkat ive , pa rticularly if 
there i s  any perceived liability threat . Wi tnes ses t end t o  be vocal and 
cooperative soon after the event but tend to become mo re reticent a s  t ime 
pa sse s .  

After inte rviewing , an i ntegration sess ion should b e  held in which a l l  
of the investigators pool the inf o rmation obtained . At thi s t ime , it  may be 
possible t o  const ruct a sce nari o t hat appears to  be reasonably ve rif iable . 
Howeve r ,  discrepanc ie s  frequently exi s t  and i t  may be that no specif ic 
scenari o c an be s tated . It  is then nece ssary to  go back f or additional site 
investigat ion or inve s t igation of piece s o r  part s t hat may supply the 
missing c lues a nd  to conduc t addi tional interviews to t ry to f i ll in the 
gap s .  

In s ome c ases i t  may not be possible t o  pinpoint t he actual initial 
event unt il rubble and wreckag e are remove d from key part s o f  the equipment 
that may y ield c l ue s .  The removal may t ake p lace wi thin hours or  may be 
delayed for weeks for various reason s . If the origina l invest igator s canno t 
be pre sent when t he rubble i s  remove d, the cooperation of  some local person 
in segregat ing key evidence is impo rtant . Management personne l ,  if 
cooperat ive , may se rve this f unc t ion , or OSHA f ield people may be 
avai lable . Ins urance people may also want to be involved . 

La boratory Investigation 

In s ome cases the c ritical evidence f rom i tems obtained from the s i te 
j ust  after the explosion or when the rubble i s  cleared cannot be asce rtaine d  
by vi s ual examination alone . Labo rat ory tests may b e  necessary to  de termine 
f rac ture mechani sms , burn sequence , etc . It i s  important tha t appropriate 
laboratory f ac i lities be avai lable to t he investigat ing team .  The 
inte rpretation of laboratory data , of course , requi re s  professiona l  judgment 
and c orre lat ion with t he rest of the inf ormat ion f r om the explosion s i te. 

A report is  the logical output of an invest igat ion .  Suc h a repo rt 
s hould doc ument the d a ta and logic t hat led t o  t he conc lusion on probable 
c hain of event s .  Photographs , site  drawing s ,  or related graphical 
information are valuable portions of  such reports . Report s issued by the 
Nat ional Transportat ion Safety Board ( NTSB ) on transportat ion di saster s ,  
p ipeline exp losions , e tc .  a re g ood models t o  f ollow . The f ormat o f  the NTSB 
repo rt i s  describe d  in an earlier report by t he pane l ( Nat iona l Mate rials 
Advi sory Board 1980) . 
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Chap ter 3 

SUMMARY OF ON-SITE INVESTIGAT IONS 

In the Ap pendix detailed inf ormat ion i s  given on six explosion 
invest igat ions conduc ted by members of  the invest igat ion subpane l .  It i s  
useful to  point out how t he  previ ous ly di scussed methodology was used in 
these investigations . Recapitulat ing , the major steps of the investigation 
methodology i nc l ude physical site examinat ion of  pieces and part s of the 
elevator complex ; determinat ion from rubble , wreckage , etc .  of the direc t ion 
and origination of bla st and c ombust ion wave s ;  and interrogation of  
wi tne s se s .  In the six incident s described , all  of these step s were taken. 
In a ll cases the interviewing o f  wit ne sses played an important role in 
determi ning the probable scenario . On-s ite investigation wa s important in 
all except the second inc ident i n  whi ch the cause was i mmediately obvious 
upon interviewing . In the incident s 1, 3, 4, and 5 the di rec tion of blast  
and c ombust ion wave s a lso p layed an important role in  de termining probable 
seque nce of event s. 

In the f ir st inc i dent , cons iderable site inve stigation and int erviewing 
were neces sary bef ore the investigators were led to the conclusion that the 
ignit ion re sulted from an e lec trical equipment f ai lure in one of the bins. 
Although the precise cause of the ini t ial propagation of the explosion i s  
not fully deducible , the end re s ult follows the a s sumpt ion of  a primary 
explos ion in a loading bin connec ted directly to o the r  portions of the 
fac i li ty .  

I n  the second i nc i dent , the major explosion was def initely attributable 
to the use of f i refigbting procedure s that stirred up d us t  and generated an 
exp losive a tmosphere. The ini t ial f ire was probably caused by a bot light 
f i xture . 

In the third inc ident , a l ight f ixture a lso was the probable ini t ial 
cause of  a f i re in the top of the headbouse cupola struc ture . The explosio n  
that occ urre d after f ire fight ers bad a rrived at  the scene was inevitable 
because of the s tate of housekeep ing of the building . 

The second and third inc i dents  were f airly easily ident i f iable event s .  
Howeve r ,  in the f o urth incident , considerable interviewing wa s neces sary t o 
a scer t ain the events that led t o  the explosion. The primary c ause was a 
failing bel t ;  howeve r ,  only af ter detai led investigat ion wa s the whole story 
obtained . The sing le bucket elevator in the complex bad been damaged so 
that choking and stoppage bad occurred . There may have been a loose bucke t 
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on the belt . Jogging procedure s apparent ly caused a friction f ire t hat 
burned through the belt. The main explosion occurred in an i nacces s ible 
concrete legwell through which the bucket e levator passed . The e xplo sion 
f orce propagated upward into the headhouse and downward into the t unne l .  
Because the concrete legwell shattered early i n  the explosion sequenc e , ve ry 
l i t t le pre ssure was transmitted t o  the bulk of the e levator itself. The top 
of the headhouse wa s damaged because i t  did not have enough vent are a  t o  
re lieve the explosion pre s sure s deve loped from the legwell directly below 
the headhouse . Howeve r ,  little damage was done in the tunnel as the 
explosion f orc e  had d iminished because of rupture of the main headhouse 
wall s .  In thi s  inve s t igation an apparent discrepancy in the event s jus t  
prior t o  the explosion was later explained when a hosp i tali zed witne ss gave 
a diffe rent version of what had happened and refuted earlier testimony. 
Thi s  i llustrates the importance of  per sistence in interviewing to validate 
the most  probable scenario if it cannot otherwise be ve rif ied . 

In the f if th i nc ident , site i nvestigation soon revealed that the initial 
explos ion probably occur red in the headhouse i t self or was communicated into 
the headhouse from the legwell . The ini tial explosion occurred someplace in 
the buc ket elevator casing and propagated into the headhouse proper . The 
head pulley showed sign s o f  scorching and evidence tha t  the bel t  had caught 
on f ire and broken. Thi s wa s not conf irmed unt i l  the wreckage was removed 
from the boot area several weeks a f terward s .  In thi s  instance the 
communicat ion f rom the headhouse to  different bins through open spouti ng led 
to  add i tional damage. However , the direction of propagat ion f rom leg to  
headhouse to  o ther part s of the s t ructure became fairly obvious early in the 
i nve s t igat ion. The rup tured bucket e levator conf irmed the logical igni tion 
source . 

In the last event , witnesses conf irmed that a belt had broken. The s ite 
investigat ion simply conf i rmed the expec ted propagat ion of blast and 
combus tion wave damage after the leg and casing exploded on the bucket 
elevator. 

In summary , the logical methodology described for the invest igat ion of  
grain eleva tor explosions can be  successful . Observat ions at  the sites  and 
interviews with witnesses are the princ ipal mechani sms to determine c ause. 
No invest igat ion can be conside red complete unti l all of the f ac t s  coinc ide 
and e ssent ially veri f y  the sequence scenario. Major incons i stencies must be 
resolved , or the cause wil l  fal l into the unknown (unverifiable ) category . 
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APPENDIX 

INVESTIGATIONS 

During the period November 1978 t o  July 1981 , the sites of a number of 
grain e levator explosions were vis ited by member s  of  the Explo sion 
Inve stigation Subpanel o f  the Panel on Cause s  and Prevention of  Grain 
Elevator Explosions. The elevators ranged in  size f rom a smal l  count ry 
e levator with a c apac ity o f  approximately 20, 000 bushel s  t o  a l arge export 
elevator with a capacity of ap proximately 6 , 000 , 000 bushels.  In all case s ,  
excellent t echnical i nformat ion on grain dust explosions was obtained. If 
one inc lude s two recent European investigations--the Roland Flour Mil l  in 
Bremen and Euro silo in Ghent- -thi s inf ormation can probably be cons idered 
the most reliable contemporary data in existence . The si x incident s 
described here are typical. 

Informat ion from each acc ident is presented separately in the form of an 
i ncident report . In the f irst  sec t ion, Observations , factua l  information 
collected a t  the sit e  o f  the acc ident i s  given. In t he second section ,  
Scena rio , a plausible chain of event s leading up to the accident i s  
pre sented . Some o f  thi s material i s  speculat ive. In the third sec tion, 
Conclusions, i nformat ion relating to grain elevator safety and the 
succe ssf ul c ond uct of  inve st igat ions i s  d i scussed. 

Incident No . 1 

An explosion occurred at  a concre te i nland termi nal e levator of medium 
si ze . There were truck dump and load ing facilities and rai l dump and rai l  
loading f acilities. A large headhouse was located between, but separated 
from two silo complexes.  There were three bucket elevators within the 
headhouse having c ombi nation s teel and concrete double legwells. One truck 
d uap was ad jacent to the headhouse and not enclosed , another wa s located a 
abort d istance away and e nc losed . The rai l dump and loading areas were 
alongside the headhouse on two line s; the insid e line served the dump pita. 
There was a large drier between the headhouse and one s ilo complex with t wo  
bucket elevators. A machine shop wa s located on the opposite side of the 
beadhouse . The off ice was located a moderate distance from the main 
elevator accident . There was a primi tive dus t contro l  system. The leve l o f  
housekeeping ,  a s  j udged qual i tat ively by the subpanel ,  was not good . 

Observations 

The e xplosion occurred in mid-afternoon. Severe structural damage was 
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done to almost all of the bins in the headhouse and moderate damage wa s done 
to  most of the headhouse structure . The tops of almost all of the headho use 
bins had blown off , e ssent ially de st roying the top  of the  bin f loo r and the 
t op of  the c leaner f loor . In addit ion , some of these bins around t he edge 
of the headhouse caused the failure of t he out side wal l .  In the headhouse 
structure above t he bin f loor t here we re a large number of casement type 
windows. All of these windows we re destroyed but the re wa s little damag e to 
the walls themse lves. Fireballs had propagated t hrough the basement , wo rk 
f loo r ,  bin f loo r ,  and scale f loor s. Seve re damage occurred to  a l l  e levato r 
legs. Where the legs p assed t hrough t he house bins in  concrete legwel l s  i n  
some areas the concrete had completely shattered . Thi s wa s e specially true 
on the gallery f loor where one of  the legs vented . On o ther f loo rs above 
and below the bins many of the the metal leg casing s  we re spl i t  wide ope n. 
The one e levator leg showed severe f ire damage with much of  the belt and 
many p last ic bucke t s  burned . The exterior wet and dry drier leg s also 
showed moderate exp losion damage . Ad jacent to the work f loor the rai l 
loading and dumping area showed f i re damage but only slight blast damage .  
The two truck dumps showed evidence o f  f i re and blast damage . The dust 
collection systems ad jacent to  the headhouse showed slight explosion 
damage . In t he one si lo c omplex severe explos ion damage occurred t o  t he 
catwalk connecting i t  t o the headhouse , the galle ry a t  the far end of the 
tunne l ,  and a small group of s i los centered around an a irshaf t approximately 
one-thi rd of the way along the gallery . Thi s  happened to be the locat ion 
where the belt t ripper was parted . Between the headhouse and thi s  location , 
galle ry sidewalls and the roof had been displaced and the windows we re 
dest royed . At the location of this airshaf t  the gallery wal ls and roof had 
been completely dest royed . Beyond thi s point the exp losion damage t o  the 
gallery was st ill s ignif icant but not as severe . At the locat ion of the 
airshaf t the grain in  the surrounding tanks was on f i re . The interior 
c oncrete bin wal l s  had been extensively shattered leaving i n  many p lace s  
only the reinforc i ng rod . The tripper rail s  above thi s area had been be nt 
straight up . Concrete f ragment s f rom this area of the e levator had been 
thrown several hund red feet int o the ad joining rai l yard . In the tunnel 
under thi s s ilo complex only the port ion f rom the a irshaf t to t he f a r  end 
showed any f ire or explosion damage . An extremely st rong blast wave had 
propagated down t his t unnel s heari ng of f t he grain spout s at t he level of 
the bin bottoms and completely de stroying the end of t he tunne l .  The 
ve rtical s lab had been moved several i nches back i nto the e arth. The other 
si lo complex showed prac tically no explosion damage wi t h  the exception of an 
empty bin near the f ar end ,  which had exploded and caused mode rate damage a t 
i t s  bottom . Damage to the tunne l wa s sl ight and a f i reba l l  had propagated 
down the gallery f rom the headhouse . Some damage f rom f lying debr i s  wa s 
done to the off ice bui lding and cars parked near the elevato r .  At the time 
of the exp losion mi lo had been unloaded f rom rail cars and corn wa s being 
loaded into rai l  car s. The leg that had been carrying the mi lo wa s runni ng 
empty and another leg was carry ing t he corn. Both of the basement bel t s  
we re running and ne ither galle ry be lt  was being used . The f irst evidence o f  
a n  explosion came f rom a n  employee i n  the basement near the north tunne l .  
He stated tha t  h e  hea rd a " po p" and saw a f ireball coming out of the boo t o f  
the leg that had been runni ng  empty . An employee o n  t he scale f loo r f e lt 
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the explosion and sought shelter unde r a desk in the scale shanty . An 
eaployee standing outside the off ice and looking at the basement of the 
beadbouse saw dust coaing out of the baseaent windows and heard f ive 
explosions. An eaployee on top of  the railroad car saw a f ireball come out 
of the loading spout and was knocked to the ground . He thought tha t  he 
heard three explosions. Concre te fragment s came through the roof of the 
office bui ld ing but d id not s trike any of the occupant s. An ind ividual here 
descri bed the explosion as sounding l ike a t rain wre ck or the bumping o f  
cars in a railroad yard . At thi s point the plant manage r attempted t o  cal l 
the f ire depa rtment but the telephone was inoperat ive . Pe rsonnel f rom 
surround ing indust ry called the f ire department , who ext inguished the f i re s  
in the headhouse but not in the grain t anks near the airshaf t .  Af ter t he  
explosion , regulatory agency personne l f ound extens ive tramp metal in two o f  
the e levator boot pits . El evator employees unloaded the hopper cars  that 
had been f illed near the t ime of the explosion and found a bindicator (bin 
ind icator) and a port ion of  elec trical condui t . The bindicator had been 
located in the loadout bin . The fuse as soc iated with thi s bindicator wa s  
blown a nd  the wiring a nd  conduit remaining i n  the b i n  showed evidence o f  
arci ng . 

Scenario 

A low level bindicator was installed in the loadout surg e bin ,  which vas 
be tween the scale and the ca r. Near the bot tom of  the bi n a bindicator was 
installed ins ide the bin wall cant ilevered on an elec trical c ondui t elbow. 
The bind icator weighed perhaps 10 pound s , was ap proximately 10 inche s in 
d iame ter , and had a dep th o f  approximately 6 inche s. The face was a rubber 
me ta l  diaphragm , which made mechanical contac t with a microswi tch. 
Ap propri at e  installat i on of thi s bind icator would have made the d iaphragm 
flush wi th the bi n wall . A load of grain that was dumped from the scale 
impacted upon the bindicator causing it to bre ak loo se from the condui t .  
Thi s  lef t exposed at the conduit the bindicator c i rcui t wire s  wi th a live 
potential of  110 vol t s. Af ter several add itiona l gra in dumps f rom the scale 
int o  the surge bin one of the dump s impacted upon the broken condui t and 
exposed wire s. Th is caused the wire s to contac t each other and the condui t ,  
producing an elec trical arc . As the scale was cont inuing to dump the surge 
that was ignited by the e lectrical arc , an explosion occurred in the loadout 
bin and propagated int o  the ad joining house bins and the bin floor area 
th rough the destruc tion of the bin walls and tops . The exp los ion was able 
to go out the loadout spout to  the ca r .  The explosio n also trave led up the 
spout into the scale and then through the common dust collec t ion system into 
the bucke t e levators . The leg s blew out at various levels in the 
headhouse. The leg blowout on the gallery f loor allowed the explosion to 
propagate in one direct ion toward the set of tanks where the airshaf t was 
located . Progress of  the advanc ing explosion down the gallery was impeded 
by the trippe r ,  and the advancing ai rf low vent down the vent i lat ion shaf t .  
This a irflow in a vert ical shaft  would be idea l for produc ing a well-mixed 
dus t-air mixture . The flame front then arrived as it too wa s de flec ted by 
the tri pper down thi s shaf t .  A very rap id rate of combust ion occurred . The 
combust ion wave then came back up the shaf t and returned toward the 
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headhouse and went down the shaf t  into the tunnel where i t  went out the far 
e nd . In the gallery a f lame f ront from the exploded leg casing t raveled 
into the other silo complex . Condit ions there were not as favorable for 
propagat ion and only a low velocity f lame front traveled near the f loo r .  
However ,  at  the end of the closed gal le ry i t  was ref lected into  the t o p  o f  
an empty tank. The dust inside the tank was disturbed and an explosion 
occur red . 

Conclusions 

Regulatory agenc ies have l i sted the t ramp metal in the boot p it as the 
cause of thi s explosio n .  All reasonable effort s  should be made to keep thi s 
f ore ign materi al out of the e levator equipment by the use of properly s ized 
grati ngs on all dumps and the use of magnet s  on bucke t elevator feed s .  
Regular c leaning o f  the boot pit will catch any foreign material that  
escaped the other collection system. Howeve r ,  there seems to be little 
i nformat ion re lating to  the detailed mechani sm of the heat ing and ignit ion 
of grain dust by tramp metal. 

The ign i t ion sourc e considered by inve stigators f rom the subpane l t o  be 
more likely i s  the fai led bindieator . Bind ieators should , of course , be 
installed in the spec if ied fashion . Moreover , only low voltage e lectrical 
c i rcui t s  should be used in bind ieator c ircuits to lessen the hazard caused 
by arc ing . Guidelines f or des ign of circuit s  that are incapable of igni t ing 
grain dust are contained in NFPA 493 , " Intrinsically Saf e Apparatus for Use 
in Divi sion 1 Ha zard ous Locat ions. " 

Other possible ignition sourc es that were re jected as causes because 
they were not at the apparent point-o f-origin were rubbing of the galle ry  
belt o n  the frame and the dragg ing of rai l ears through the car dump using a 
winch. The rubbing bad begun to eut the frame and there i s  little doubt 
that the metal was red hot . This could have led to a smo ldering f ire. 
Frict ion sparks that could be caused by the dragging of the ears could have 
fallen i nto the dump p i t . 

It may have been possible to have detected the loss of the bindicator. 
If there bad been a grating on the hopper ear fill the broken bind ieator 
would have been caught at thi s point .  If a truck had been f i lling ,  
presumably the driver would have seen it . Also , if  the bindicator signal 
had been cont inually monitored , the loss of signal would have been 
immediately not iced . A minicomputer i s  more reliable than a human in thi s 
re sp ec t .  

On c e  the explosion was i ni t iated , i t  could propaaate in  seve ral 
d irections . A Mayo spout was used on the bin f loo r. Once the explosion 
re ached thi s locat ion i t  could enter every headhouse bin. Al so , the dust 
collect ion systems on the scale and the legs were interconnected , allowing 
the explosion t o  propagate into the legs. European design pract ice i s  to 
use several smalle r dust contro l  systems. The one leg was running empty and 
there was probably a heavy suspended dust conc entration. The legs 
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effect ively propagated the explosion downward . The headbouse had an 
unusua lly large window area f or i t s  volume ; it waa quite we ll vented and 
there waa lit tle structural damage . Most structural damage waa done f rom 
the explosion of headhouse bins ( garner bins) . Concre te fragment s were 
di spersed to rathe r  distant places.  Some of them impac ted on the office 
bui lding . The commonly ment ioned rule of  thumb that a d istance f rom the 
elevator equal to  the height of the headbouse should be a safe distance 
would appear t o  be inapplicable .  A p late g lass window in a shanty structure 
on the bin f loor shattered and the fragment s caused injurie s .  Wi thin 
e levators only shatterproof ,  transparent materials should be used . 

In a large elevator where there are many employee s there must be an 
explosion-re si stant emergency warning system to call f or an evacuat ion if 
there is tiae . In addition ,  provi sions must be made for locating personne l 
af ter a d isaster. An a ssembly are a  should be designated in order to 
ident ify the missi ng .  Time card s  can be used f o r  employee s but gate record s 
must be used f or f armer s ,  t rucker s ,  salespersons, e tc . Some idea should 
exi st as to the previous locations of mi ssing personnel . Powe r ,  water 
hydrant , and t elephone l inea to the e levator should be blast  re s i stant . 
Thi s probably implies burial at some distance from the elevator foundatio n .  
Employees should wear f ire-re si stant or f ire-re tardant c lothing over all 
portions of  the body , including the head and hand s ,  to minimize the severit y 
of burns. This i s  perhaps most eas i ly done by using coveralls or jump sui t e  
in conjunc t ion wi th cap s  and glove s. Under no condit ion should employee s go 
shirt le ss, wear only undershirt s, or wear synthetic f iber ( e .g . , polyesters) 
c lothi ng , which considerably exacerbate s burn injurie s. 

Complete c ooperation by management is most help ful in conduc t ing an 
invest igat ion . They can furni sh blue print s, witness statement s ,  f lashlight 
bat teries , and hospi tality. One wi tness who was bad ly inj ured bad been in a 
locat ion where he could have c learly seen the course of the explosion but 
dec lined to cooperate on the advice of legal counsel. He was concerned that 
he would jeopardize any chance of financ ial  compensation for  hi s injurie s. 
It i s  not known whe ther thi s d if f iculty i s  real or perc eived , but whatever 
the reason it can be a signif icant impediment to inve st igat ions. Two vi sit s 
were made t o  the s ite of the explosion. One was 2 day s  af ter the exp losion 
and the other af ter 2 months. Both resul ted in valuable informat ion. A 
third meet ing with members o f  the e levator management was made some 6 months 
af ter the explosion. Because of the si ze and comp lexity of the explosion it 
was not unt i l  after the third mee ting that a reasonable scenario could be 
assembled . 

Inc ident No . 2 

An explosion occur red at a large wooden country elevator .  There we re 
rai l l oading and truck dump and t ruck loading fac i lit ies. There was a 
separate beadhouse with two me ta l-encased bucke t elevators. Two storage 
annexe s were located on either side of the headhouse and two me tal grain 
st orage tanks were at the end of one annex . The level of housekeeping , a s  
j udged qualitatively by the subpane l ,  was not good . 
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Observations 

The exp losion occurred at mid-af ternoon. Mode rate d amage was done t o  
the metal-clad , f rame-struc ture elevator building s. The one annex bui ldi ng 
seemed t o  suf fer slight ly more damage t han t he  other. The bins we re 
e s sentially empty . An explosion propagated down the tunne l de st roying the 
door a t  the end .  S ome of the bin bottoms we re blown inward .  The explos i on 
was able to enter the empty bins in thi s fashion. The me tal tank beyond the 
door was s light ly burned on its side . The galle ry and bin roof on this 
annex building were mostly dest royed. It had been disp laced to the s ide and 
some of  it  was on the ground .  The wooden bins were still intac t but showed 
evidence of int ernal burning . The bin roof and galle ry of the othe r  annex 
were sti ll intact but the gal lery s howed some bulging . Th i s  annex wa s 
most ly full and the explosion did not enter the bins .  The two side s of the 
headhouse t hat d id no t face t he annexe s were b lown off f r om t he bin f loor 
level to the roof . The re was l i t t le damage t o  the bucket e levators and 
re lated e quipment . A slight a mount of burned grain was present . Be fore t he 
explosion, the elevator had bee n unloading trucks of soybeans. Someone 
smelled smoke coming from the boot p i t  area that was covered by a ha tch o n  
the elevator work floor . The fi re department was called and the elevator 
was evacua ted . Upon t he arrival of the f ire department, t hree elevat or 
employees and three f i remen lifted the boot pit cover and observed f lame s .  
The fireman with a hoseline set t he noz zle on fog a nd s tarted to spray wat e r  
into the burning boot pit .  A "woos h" was heard and a ball of f lame shot o ut 
of the pit . The people who were around this area promptly exited t he 
elevator and after they had clea�ed the faci li ty a blast was heard comi ng 
from the elevator. The fireman began to put water on the resulting fires, 
whi ch were mainly confined to the grai n. The wat ering wa s  stopped when i t  
was decided that the burning grain could be shoveled from the elevator. 
There wa s little fire damage t o the structure . 

Of the six persons standing around the boot pit only one was injured 
during the attempt to escape . Hi s exi t was by an indirect path to  t he 
outside that took him t hrough part of t he elevator, rather than by the 
direct exit door to the outside that the others used . This slight t ime 
difference was apparently enough t o allow the expanding fireball to catch up 
with him. 

S cenario 

The boot pit area beneath the work floor had not contained a light 
f ixture and a regulatory agency had ordered the installation of one . Thi s 
area had not been recently cleaned (probably for a month) and the 
accumulated dus t had buri ed the light fixture and the light wa s turned on. 
The hot fixture, well insulat ed by the grain dust, caused the dust to 

ignit e .  The appli cation of the fog water st ream di spersed the burning and 
unburned dust into t he air and an explosion occurred . This partially vented 
int o the work floor area but also traveled up the two bucket elevators to 
the top of the headhouse, into the two galleries, and down the one tunnel. 
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Conclusions 

Proper and c orrectly installed e lec trical equipment c an c ause problema 
if the surrounding environmental conditions change . The accumulat ion of 
dust not only pre sent s a f ire hazard but also an explosion hazard .  In 
elevator designs , all areas,  boo t pit s included , muat have easy acce ss, be 
well l ight ed , and be conducive t o  the perf ormance of  rout ine tasks such as 
housekeeping . Dust mua t not be allowed to accumulate in hidden areas where 
i t s  d ang er goe s  undetected . 

The f ight ing o f  e levator f ires i s  a sensi tive procedure . There seems to 
be a general belief that a fog stream wil l  not disturb the dus t and lead to  
an explosion. Until bet ter methods a re devi sed i t  i s  probably best t o  
remove burning grain and dust f roa the elevator by the use of  bucket s  and 
shove ls. Fire department per sonnel in are as where grai n e levators are 
located aus t  be educated concerning tac t i c s  for combating f i re s  i n  grai n 
elevator s. Wooden e levators would appear to be leaky enough that the 
overpressure re sulting f rom the explosion cannot build up to a high enough 
level t o  do major structural damage. Therefore , if the f ew resulting f ire s 
from the explosion can be initially controlled , the wooden structure need 
not burn down. The re sp onse t ime of the f ire department i s  crit ical . When 
bins are empty the most severe explosion damage may occur. Eve ry effort 
should be made t o  ensure that the bins are substant ially sea led off from the 
tunne l , that the bin bottoms cannot collapse upward ,  and t hat the bins a re 
sealed off  f rom the gallery or  distributor. 

Although the employee s were aware of the possibi l i ty of explosions, none 
o f  them seemed aware that a dust explosi on could literally tear an e levator 
apart . It is important that the grain industry trade organi zations, the 
agricultural extension services, and the government regulatory agencies 
public ize thi s  problem. 

Incident No . 3 

A f ire and explosion occur red at  a smal l  country e levator and mil l  
c ombined i n  the same wooden structure . There were r a i l  load ing and truck 
dump and truck loading facilities,  the lat ter of the drive-through type . A 
wooden f lat storage shed and an off ice bui lding were located near the 
elevator' mill  building . A metal bucket elevator with twin leg s ran through 
the central part of the structure. There was no headhouse structure as the 
head pul ley was located on the roof . The bins had open top s .  The leve l  o f  
housekeeping , a s  judged qualitatively b y  the subpane l ,  was not good. 

Observat ions 

The explosion occurred late at night . Minor structural damage was done 
t o  the wooden s t ructure by the blast wave in the mil l  area , which wa s not 
well vented . A slight separat ion of the roof and walls occurred . 
Substant ial f ire damage occur red in the cupola where there wa s a sustaine d 
f ire before and after the explosion. S light charring of the wooden 
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structure occurred in the truck dump area and in the mill . Substantia l 
s tructural damage due t o  the blast  occurred to the leg casing in 
approximately the lower one-half port ion .  The belt  had pa rted and dropped . 
It had burned through, but d id not look as if i t  had c aught on fire from 
fric tional heating . Another area on the belt also showed evidence o f  
burning . Prior t o  the explosion, milo had been ground and screened , 
mechanical repa irs had been made on the screener , and wheat had been loade d 
into a t ruck . This act ivi ty had gone on f rom mid-afternoon unt il late 
eveni ng , during which t ime the light s in the elevator had been lef t on 
cont inuously . At the complet ion of the loading , the 2 workers c lo sed the 
e levator and went to the off ice to re lax before going home . As they 
prepared to leave the off ice they noticed a f lickering light in the cupola 
window and identif ied it  as  a f ire . The workers called the f ire department 
and proceeded to the roof ( approximately 30 fee t off the ground ) on the 
external ladder t o  fight the f ire with small hand f ire ext i nguisher s .  When 
they looked through the window of the cupola they saw a f ire raging on the 
bin f loor and on one wall where there had been a lighting f ixture . They 
d i scharged the f ire extingui shers with little effect and the one worker lef t 
t o ge t more . An explosion occurred . At approximately thi s  time , the f i re 
department arrived and successf ully suppressed the c ontinuing f ire in t he  
cupola . A f i reman who was re spond i ng  t o  the alarm was approximately 100 
yard s away f rom the e levator at the t ime of the explosion . He heard a 
"woosh" sound and saw a f i rebal l c ome out of the cupola , out of the one open 
truck d ump door , and out f rom around a large hang ing door on the f eed mill . 
The resulting f ire wa s successfully suppressed .  

Scenari o  

A vapor-proof l ight f ixture was i nstalled on the cupola wall with i t s  
axi s of symmet ry perpendicular t o  the wall . There was a s  much as  several 
inches o f  dus t on hori zontal surf aces inc luding the top of  the light 
f ixture . The light f ixture became hot enough to ignite laye red dus t and 
thi s i n  t urn f ell onto the dus t  layer on the f loor and ignited i t .  The 
wooden bin f loor surrounded the me tal leg casing . The f ire surround ing thi s 
casing caused the bucket e levator be lt t o  catch f ire and burn through. 
Sinc e  the one side of the leg was closer to  the ignition source than the 
other s ide , the latter had only s tarted to burn by the t ime the belt 
dropped . When the belt with its metal bucket s fell down the leg . 
accumulated dus t  was disturbed , creating a combus tible dust-air mixture in 
the pre sence of burning belting or sparking metal cups . The leg casing 
exploded , d ischarg ing a f irebal l int o  the t ruck dump area . Th is f ireball 
vented out the one open door and into the feed mill where addi t ional layere d 
dust was s t ir red up , producing a secondary explosion ,  which vented through 
the hanging door on the feed mill . The f i re in the cupola still continued 
out of contro l .  

Conclusions 

An accumulation of dus t on the vapor-p roof light f ixture probably led t o  
thi s accident . Presumably problems had not occurred before because the 
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light s had not normally been lef t on for thi s  length of t ime .  Had there 
been a spri nkler system in the wooden e levator , t he f ire may have been 
init ially contained . Had not the leg belt  dropped , an explos ion probably 
would not have occurred . In thi s case an out side ladder allowed the workers 
acces s for f ire f ighting . Perhap s t hey would have been more succes sful in 
f ight ing the f ire had a s tandpipe been available . Considerable care must be 
exerc i sed in the f ight ing of dus t f ire s because it is easily possible for 
the f ire t o  become an explosion . The f iremen were successf ul in containing 
the f ire because they were equipped with a snorkel t ruck and the elevator 
was not very tal l ,  approximately 30 feet . The blast damage to  the structure 
was not severe because of the large vent ing area af forded by the one open 
truck d ump door and the hang ing door . Al so , wooden s tructure s are for the 
mos t part ra ther  porous . Because of it s low density , wood doe s no t make 
e ffective pro j ectile s .  

The subpanel invest igators arrived at thi s elevator a week after the 
explosion had occurred . It had no t been reported to federal authorit ie s .  
The acc ident was noted i n  news acc ount s .  I t  i s  necessary that a system be 
instituted so tha t  the occurrence of an accident i s  promptly reported . In 
some i nvestigat ions equipment other than that normally car ried by the 
invest igator s  is required--ladder s , boot s for deep water , and winche & . ( In 
this part icular case the f ire department provided such equipment . )  It i s  
des irable not t o  le t wi tnesse s  confer before they are interviewed . It  i s  
also best t o  intervi ew witnesses f i r s t  separately and then as  a g roup . The 
investigators should be able to spend as much t ime at the site as required 
for a thorough analysis . Some invest igation tasks , such as the removal of a 
dropped be l� , are physically impossible for investigat ors t o  at temp t . 
There fore , i t  i s  import ant that an inve st igat ing team have the means to 
obtain the neces sa ry assi stance t o  handle heavy manua l task s .  

Inc ident No . 4 

An explos ion occurred at a count ry elevator of medium s ize wi th an 
assoc iated mill . The e levator was of concrete c onstruc t ion . It  had t ruck 
load ing and unloading facilities  and rai l loading fac i l i t ie s .  There wa s a 
s ing le set o f  s ilos with a large Butler bin at one e nd and the headhouse and 
mil l  bui ldi ng at the othe r .  There was no gallery . There was a screw 
c onveyor in the t unne l .  Housekeeping , as judged qualitat ive ly by the 
subpane l ,  seemed adequate . 

Ob servat ions 

The explosion occurred during morning operat ions . Severe s truc tural 
damage wa s limited to the concrete st ruc ture under the headhouse . Thi s 
struc ture was external t o  the grain silos and contained the manlif t shaf t 
and the legwell s .  Ap proximately the top one third of two of the walls had 
been t otally blown away . One of the damaged walls  was oppo site the bin wall 
and the other orthogonal to it . Moderate struc tural damage wa s sustained by 
the headhouse . The headhouse was connected to the leg we lls and manl i f t  
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shaf t through boles in the f loo r .  The walls of the beadbouse were bulged 
and the c asement windows in the headbouse were broken and blown open . The 
boot area was full of rubble result ing f rom the collapse of the upper leg
wells and manlif t shaft .  The tunnel area showed evidence of burning and the 
door at the far end of the tunne l wa s destroyed by the overpressure . At the 
t ime o f  the explosion a rai l car was being loaded with corn , and alf alfa 
pellet s  were being unloaded at the feed mill . The corn was being screened 
and trouble bad been reported with the screener c logging . Subsequent ly i t  
was reported tha t  the ent ire system ba d  plugged--screw conveyor,  bucke t 
elevator , and f eed spout . Several witnesses beard the exp losion and said 
tha t  there was only one . Only one individual actually saw the explosion and 
be stated that the north side of the s tructure under the beadbouse blew out 
spewing concrete and two bodie s .  The witne s se s  stated that  3 days before 
the exp losion a f atal acc ident had occurred causing substant ial mechanical 
damage to  the bucke t elevator . During the day preced ing the explosion 
considerable t ime was spent repairing tha t  damage . Ob servations made by 
OSHA employee s subsequent to  the team ' s f i rst vi si t and during elevator 
re construc t ion revealed that the bucket e levator be lt was covered by 
concrete rubble in the boot area . It bad me tal bucke t s  and wa s parted . At 
the bre ak in the belt there was evidence of combust ion. The lagging in t he 
bead pul ley was only partially intac t  showing signs of be ing burned off . 

S cenari o 

The bucket elevator was j ammed e i ther because of the mechanical damage 
tha t  bad been previously done to it or because of a choke brought about by 
the c logging o f  the screener . An a ttempt was made to " j og" t he leg . I t  i s  
not clear who turned the mot or o n  a s  the only cont rol s were a t  ground leve l 
outs ide the e levator near the boot . The two i njured employees were blown 
out of the headhouse and the employee in the feed mi ll stated that he bad 
not been i n  the e levator f or the 5 minutes preceding the exp losion .  Th e  
slipping belt o n  the head pulley caused a friction f ire that  burned through 
the bel t . The belt then fell down the legwells and d i s lodged accumulated 
dust . The f laming belt  end or the metal cups  striking the concrete wall 
acted a s  an ignition source for the suspended dust-air mixture . An 
explosion then occurred in the legwell and propagated upward into the 
beadhouse . The beadbouse then exp loded , venting through the headhouse 
windows t o  some extent . Also , the leg explosion wa s part ially reflected of f 
the beadhouse f loor causing the t op port ion of the legwells and manli f t  
shaf t t o  fai l .  Thi s vented the high pressure gases . The explos ion also 
trave led down the legwell i nto the boo t . The explosion vent ed into the 
tunne l ,  in which it  appeared an explos ion was not sustained . 

Conc lusions 

Thi s  acc ident may have occurred as a result of events 3 day s  before . 
The elevator equipment bad been damaged and the employee s were still 
thinking about the fatal acc ident and the funeral . Generally , acc ident s 
occur more frequently when employee s are under stress or distrac ted-�onday 
mornings , Friday afternoons , shi f t  changes ,  graveyard shi f t s ,  overt ime , etc . 
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If modern devices are employed i t  should be possible t o  prevent a leg 
c hoke . The leg f eed should be controlled by a torque-sensing device on the 
drive motor. As the torque required increased, the f eed rate would be 
decreased. The jogging of legs should be physically prevented through the 
use of interlock devices. The elevator boot should be easily accessible so 
that if a choke does occur it can be cleaned out . Shovel size access ports 
s hould be put i n  the boot, and the boot pi t should be well lighted and free 
of obstructions . Provisions must be made to remove the excess grain from 
the p i t .  

Concrete legwells allow little explosion venting . Pressures u p  t o  one 
atmosphere can probably develop before failure occurs allowing continued 
propagation of the explosion . When they do fail, concrete fragments act as 
projectiles and hi gh pressure gas is released .  In this case, however, since 
the legwell was on the exterior of the structure, the damage occurred to the 
surrounding area and not in the interior of the elevator .  The truck dock 
was unfortunately within the distance of travel of some of the fragments. 

The destruction of the manlift shaft broke the only connection between 
the top and ground level of the elevator. The only access to the roof was 
by a crane bucket . Secure, blast-resistant means of egress must be provided 
so that injured employees can be removed from the top of an elevator. 

The bin bottoms and gates were of particularly substantial construction .  
Although a combustion wave did travel down the tunnel, i t  did not get 
into the silos and cause them to explode . Also, the absence of a gallery 
t o  some extent prevented the explosion from entering the bins . It is 
possible, however, for a distributor to propagate the explosion into the 
bins through the spouts . 

The arrival of the subpanel members within 2 4  hours of the explosion 
aided considerably with the investigation .  Some public safety 
officials--S tate Fire Marshall--were still available . Furthermore, the 
witnes ses were still willing to talk freely and events were still quite 
f resh in their minds. An investigator was able to return to the site 
during the period of reconstruction. He was able to examine items of 
interest as the y were removed from the rubble . At the time of the first 
visit the bucket elevator belt and the head pulley were not accessible .  
Duri ng return visits it was also possible to visit with injured personnel 
who were not initially available because of hospitalization . 

Incident No . 5 

An explosion occurred at a large concrete country elevator . There 
w ere truck dump and truck loading and rail loading facilities . A very 
large headhouse was located on the top of the silos and approximately in 
the center . There were two concrete double-leg bucket elevators, one 
used for unloading and one used for outloading .  The truck dump was of 
the drive-through type located toward one end of t he structure . An 
abandoned brick soy mill was at this end of the elevator . At the other 
end of the 
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elevator wa s a la rge steel  s torage tank . Along the one side o f  the elevator 
was a wooden building used f or s torage . The off ice was in a separate 
building some distance from the e levator . The level of housekeeping ,  a s  
j udged qualitatively by the subpane l ,  was poor.  

Observations 

The explosion occurred in early afternoon. Slight damage was done to 
the ad jacent wooden storage bui lding whose end was paralle l to  the drive 
enteri ng the truck dump .  The blast , which came out of the t ruck dump , 
removed soae of the weatherboard s t ructure f rom the framing . The soy mil l  
also received slight blast and missile damage re sult ing from high p res sure 
gase s vent ing f rom a personne l door on the end of the elevato r .  Fire , 
blast ,  and missiles moderately damaged the hopper-bot t om trai ler that  was 
standing on the truck dump . The f i re damage seemed to engulf the truck; 
however , the b last and mi s si le damage wa s the worst  on the s ide towa rd the 
bucket elevators .  The truck dump area showed a unif orm sco rching due to 
f ire . Much grain f rom broken house bins had fallen into thi s a rea . The 
elevator control  room ad jacent t o  the truck dock and the leg was also burned 
by the passage of  a f ireball . Bo th bucket e levators were severely damaged 
by blas t  in the vicinity of the truck dump . The legwells for each elevator 
were located on ei ther side of  the manlif t-ladder shaft and the up- and 
down-legs were separate . Both down-legs had shattered comp letely , spewing 
concre te fragment s into the c ontrol room and across the truck dump . The leg 
casings showed dec reasing damage to the level of the screener f loor 
approximately half way to the top of the e levator . The fai lure of the leg 
casings made both the manlif t and ladder nonoperative . Fumigant had been 
s tored near the legwells and as a result of the explosion had been dispersed 
around the work floor and t ruck dump area . The tunne l under the bins toward 
the s teel storage t ank showed slight evidenc e of an exp losion . At t he far 
end some damage had been done to the auger for the steel storage tank. 
Moderate damage was done to the tunnel area going to the other side . The 
tunne l terminated in a room with a personne l door and thi s  door had blown 
off . It was c lear that a rather large explosion had occurred in the truck 
dump a rea but to a la rge extent was able to vent through the open ent rance 
and exi t  doors .  Acce s s  to the upper part of the e levator was d i f f icult as  
the ladder in  the manlif t shaf t had been destroyed . Entrance wa s gained by 
c limbing t o  the t op of a grain drier that was located on the s ide of the 
elevator opposite that of the storage shed . At thi s level , which was 
ap proximate ly 5 0  f t  above the ground , there was also a window in the 
elevator . A 20 f t  extens ion ladde r was laid from the top of the grai n drier 
to the window. This  was the level of  the screener . Looking int o the house 
bins it could be seen that the legwells had also exploded into the bin s .  
The damage t o  the legwe lls was below thi s leve l .  From thi s level i t  was 
possible t o  use the ladder t o  the headhouse . At the bin f loor level there 
was a Mayo spout c oming from the distributor with a c irc le of hole s for the 
re spect ive bins . The f loor wa s covered wi th much accumulated grain and 
dust . The walls were covered wi th dus t t o  such a thickne ss that i t  almost 
re sembled a layer of cork . A ladder and catwalk emcompas sed the d i s t ributor 
f loor and at the highe st leve l within the headhouse was the head pulley and 
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drive motor . The head pulley covers had been blown o f f . The lagging on the 
unloadi ng leg had bunched on one side of the head pulley . Thi s caused the 
bel t  t o  slide t o  one s ide and i t  and the metal buckets were rubbing against 
the leg casi ng , which was me tal at thi s point . The headhouse was moderately 
damaged . The broken windows and bulged sides ind icated that an exp losion 
had occur red wi thin the headhouse . An inspect ion of  the roof showed that 
the headhouse had apparent ly separated from the roof and that i t  had slid 
along spout s passing diagonally through the wall s .  I t  thus appeared as i f  
the headhouse had t o  some extent lif ted vert ically . The roof on the end of  
the e levator toward the steel tank appeared to have hinged upward to  rel ieve 
the pre s sure when some of the t anks exploded . Witnesses reported that i t  
seemed as i f  the ent ire roof of  the e levator had lif ted . All o f  the bin 
c overs were d isp laced . The spout f eeding the large steel tank had fallen . 
Many o f  the spout s wi thin the elevator were worn through and were patched 
with rags ,  board s ,  and wire . F i re s  had occurred in many of the t anks . At 
the t ime of  the explosion rai l car s  were being loaded wi th c orn and corn wa s  
being unloaded from the hopper bot tom t ruck. The t ruck d river was 
apparently closing hi s hopper bot tom from the side of the t ruck toward the 
bucket e levator s .  An e levator emp loyee was in the control room , and ano ther 
at the scale s  whose controls were located in the wooden storage shed . 

Scenari o 

The metal cups rubbing the metal leg cas ing near the head pulley caused 
ei ther a ho t spot or sparks and thi s  leg exploded . Thi s explosion then 
propagated down the leg and i nto the d i s tributor . Af ter accelerating down 
the leg , i t  blew out a t  the work f loor and boot pit leve l causing additiona l 
explosions i n  the truck dump are a ,  the dump pit , and the two tunnels . From 
the d i s t ributor i t  was able t o  get into the second leg , the headhouse , and 
the vari ous s ilos . 

Conc lusions 

Out-o f-a lignment belt s  in bucket elevatocs may ac t as igni tion sources 
ei ther because they rub on a me tal casi ng or their metal bucke t s  s trike a 
metal c as ing . Belt a lignment monitors should be used and p lastic bucket s  
should b e  considered . Regular inspections should b e  made o f  the bead pulley 
to check the c onditions of the lagging . Inspection should be facilitated 
through the use of convenient ly located doors , catwalk,  and ladder s .  

Th rough the applicat ion o f  suc t ion i t  may be possible to  remove the 
explos ive dus t concent rat ion wi thin the leg so that if an ignit ion sourc e 
does appear, an exp losion need not re sult . He adhouses should be designed so 
that all hori zontal and vertical surface s  may be regularly swep t to remove 
d us t .  

Elevator s  should be designed s o  a s  not t o  have interior concrete 
legwell s .  These allow explosion pressures to rise to a high level , vent 
high pre s sure gases into conf ined spaces such as bins where addi tional 
explosions occur and spew out concrete fragment s .  Al l too frequent ly these 
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are slip-formed to include the elevator or manlif t and ladde r .  These are , 
o f  c ourse , a lso des troyed when the casing fai l s .  I t  i s necessary to  provide 
ladd ers giving access to the top of the e levator in o the r locations . 
Contro l rooms should not be loca ted ins ide e levator s e specially next to  
legwe ll s .  As far  as possible personne l should not be in  the t ruck dump 
area.  With hydraulic l if t s  thi s i s  possible to some extent . The e levator 
roof should not be t ied to the tank structure . It  would then be possible 
f or the high pre s sure gases to lif t  the roof and not cause a f ailure in the 
side o f  the tank . Open truck dump doors are very effect ive venting areas 
f or explosions . 

Al though some concern has been expre ssed about ignition by bot surfaces 
of  a running or recent ly run truck,  it seems unlikely tha t  a signif icant 
hazard exi st s .  A surface mus t  exceed 400°C and be exposed to a cloud of  
dus t with a c oncentration above the lower explosive limit . I t  seems 
unlikely that thi s wil l  occur when a t ruck dumps or i s  dumped because the 
heaviest c louds are at the grating and the truck body shield s  the exhaust 
system f rom the high concentrat ion dus t cloud s .  

Incident No . 6 

An explos ion occurred at a large concrete country e levato r .  There were 
t ruck loading and unloading fac i li t ies  as wel l  as rail  loading f acilities . 
There wa s a large f lat storage shed near the elevator and the office 
bui lding and scales were separate f rom the e levator . The elevator was of 
unusual design in that there was no beadbouse or gallery and the silos were 
arrang ed in a s ing le c irc le about a s tee l-c ased double-leg bucke t e levator .  
Ano ther e levator was external  t o  the bin structure . Additionally , the 
ent ire e levator interior was s light ly pre ssuri zed to help prevent the e scape 
of  dus t int o  the e levator . The leve l of housekeeping , as  judged 
qualitat ive ly by the subpanel , appeared to  be adequa t e .  

Observat ions 

The explosion occurred in mid-morning . There was a fatality and several 
injurie s .  Severe damage occur red t o  the elevator control room , the 
penthouse that covered the interior legwell , and the t ruck that was located 
on the truck dump . Moderate damage occurred to all leg casings and the f la t  
s torage shed . A s ignificant exp los ion occurred i n  the basement o f  the 
e levator and the escape of these high pres sure gase s caused the severe 
damage . Part of the gases went up the center of the c ir c le o f  tanks where 
the out loading bucke t e levator and the manli f t  were located . Thi s destroyed 
the penthouse , whi ch was s i tuated on top of the vert ical shaf t .  S ix-inch 
stee l  channel s  that supported the structure were bent by thi s  blas t . 
Ad di t ional high-pre ssure gas e sc aped through the tunne l to the truck dump . 
The e levator contro l room wa s located on top of thi s tunne l between the 
e levator s tructure and the truck dump . The f loor of the control room was 
lif ted to almost cei ling height when the top of the tunne l fai led . Burned 
gase s e scaped around the metal dump pit  and through the hydraulic truck 
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hoi s t  and lif ted the truck that had just dumped . The remaini ng  high

pre ssure gases vented through a per sonnel door f orming a high-velocity jet 
that impac ted upon the f lat storage shed approximately 75 feet away . Some 
of the 2" x 4" s tructural members were broken and some of the sheet metal 
cove ring was torn off . The damage to the inte rior out load ing leg was caused 
by the belt dropping . The ends of  the belt  were badly burned and the head 
pulley laggi ng  wa s partially mi s sing and showed evidence of combust ion . The 
out side unloading leg exploded causing the metal casing pane ls to separate 
at the corner s .  Some of the bin covers had been lif ted of f and there had 
been f ire s in several of the bins . 

Ju st before the accident , corn was being loaded into a s tring of rail 
cars and corn had been dumped into the truck pit , but it  was yet to be 
e levated . The interi or leg , which was feeding the rai l cars at thi s point , 
choked . Help wa s  sought to dig out the choke , but none could be found . A 
dec i sion was made t o  jog the leg and thus defeat the interlocks . A drop in 
amperage of the bucket e levator motor caused the supervi sor to go out side 
and look at the head pulley and then go to the boot are a  and open the 
in spect ion door to  see if the be lt  had dropped . The belt  had not dropped 
and the supervi sor t ook the manli f t  to  the top of the e levator to inspect 
the head pulley . At thi s t ime the explosion occurred . The supervi sor was 
approximately two thi rd s of  the way to the top when struck by the blast . He 
managed to ge t out of the manlif t and up the ins ide ladder to  the top of the 
e levator and then proceeded to c limb down the out side ladder . A farmer in 
hi s  truck cab was s lightly injured when hi s truck was d i splaced by the 
blas t . The e levator employee at the truck tail gate was thrown into an 
ad joining f ield by the blast . The e levator operator in the contro l  room wa s  
crushed when the control room f loor was lif ted t o  the cei ling . The local 
f ire company arrived at the scene , strung hose line s  to the 100 foot high 
e levator roof , and ext ingui shed the bin f ire s by hosing down the grain . 

Scena rio 

Fo r some reason a choke occurred in the out loading leg . As help was not 
readi ly avai lable to  dig out the choke , i t  was decided to jog the leg . Thi s 
caused a belt and lagging f ire a t  the head pul ley . The boo t inspection door 
was opened , allowing pressuri zed ai r from the elevator inte rior to f low into 
the l eg and e scape to the out side . Thi s  f low of air intensified the belt 
and lagging f ire .  The belt burned through and dropped down the leg . For 
some reason the leg did not exp lode . The collap s ing bel t  pushed a c loud of 
dus t out of the open boot inspec t ion door and caused the leg casing to 
sp l i t . Burning p iece s  of lagging and be l t  fell out of the casing and into 
the dus t c loud in the basement of the elevato r ,  which subsequently exploded . 

Co nc lus ions 

The bucket e levator choked and in sp ite of int erlock devi ces an attempt 
wa s made to  jog the leg . Choke s can be prevented with motor torque or bel t  

tension devi ce s c ontro lling the bucket e levator feed gate . The boot area 
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was quite acce ssible , so  i t  should have been re latively easy t o  have removed 
the choke . Employees must be educated that j ogging a leg may be a fatal 
mi stake . 

The blast demoli shed the control room and the employee lunch and break 
room . Area s  whe re personne l normally congregate mus t  be remove d from the 
e levator .  S i nce e scaping j e t s  of gas from doorways and windows can t ravel 
large distance s ,  building s should no t be placed opposit e the e levat o r .  

I t  i s  c lear that f ight ing f i re s on t he top o f  an e levator i s  difficult 
and may not be desirable from the point of view of grain salvage . Dry 
standpipe s to t he top of the e levat or a re probably desirable , but f o r  a 
severe ly burning bin fire it  i s  no t clear tha t  water  i s  effect ive . Indeed 
c ombust ion of grain in a l imited oxygen environment may produce carbon which 
then react s with water  through the water ga s mechanism t o produc e qui te 
d ang erous c arbon monoxide and hydrogen. It s t ill remains t o  be dete rmined 
whethe r  wate r  wi l l  ef fect ive ly penetrat e a bin f ire . The wate r-logged gra i n  
a lso expand s and i f  not quickly removed c an p lace nonde sign mechanical load s 
tha t  lead to  failure on the silo s . 

Bi n covers may , i f  large enough , e f fect ive ly vent the high-pressure 
ga se s  from exploding part ially filled tanks .  Si lo s  that are nearly full do  
not  explode e f fectively . Howeve r ,  the bin  cove rs must be  securely f astened 
to the bin tops wi t h  a sho rt piece of cable or chain o r  they become 
e f fect ive missiles . Di stribut or s a re e f fect ive in mult iplying t he paths of 
explosion propagation as numerous spout s are interconnected at  thi s point . 
If a n  explosion come s down from the bucket e levator f eed , i t  c an usually get 
int o each bi n .  The t ruck dump i s  an ef fective large high-pre s sure vent for 
the basement a rea . ( P e r sonne l located in t his  a rea a re l ike ly to  be i njured 
in an explosio n .  Therefore , only personne l ac tually partic ipating in the 
operations s hould be i n  t his a rea . Truck d rivers and visitors  should be 
encouraged to wai t  elsewhere . )  

During this - i nve st igation , c ooperat ion wi th personnel f rom t he 
investigative agencie s wa s good . Also , addit ional people had been brought 
i n  to assist with e levator operat ion and repai r ;  t hus , t he work load wa s 
cons iderably lightened and employee s we re able to  spend much more time wi th 
the subpane l inve s t igators . Blueprint s  and f low diagrams provided t o  the 
inve st igators  aided the investigat ion cons iderably . 
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