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g INLFRODUCTION

Over the years,. the "agricultural revo1ut1on" in the United Stat&é has
seen the grain and feed industry grow from small country businesses' serv1ng
1oca1 needs to one of the most inflaential forces affect1ng warld markets.

U.S. grain production annua11y exceeds 12 m1111on bushels w1tn about 9 -

million bushels sold other than for replanting, or off- farm, (1977). Nearly
all of the grain sold off-farm is handTed in the grain market1ng system.’
This system handles, stores, conditions, processes, and ‘markets the gra1n.
The market1ng system exports grain valued at over $11 b1111on, and this is
2/3 of the.value of the total U.S. agricultural exports. . '

The U.S. gra1n and feed industry includes approx1mate1y 9 ’po country
gn"n e1evators, 400 inland terminal e1evators, 80 export terminal e]eva-
tors, and 7,000 feed mill operations. As grain handling systens grow in-
size and number, health and safety risks multiply. Today, current grain

elevator health. and safety hazards are similar to,those -of many 1arge ingus-'

trial plants. Of particular concern in recent years has been’the increasing
loss of lives and property.’due to grain elevator explosions.

: OBJECTIVES B

Upon comoletion of this. module, the student should be able to:
Summarize the history of grain duft fires and explos1ons, show1ng the
reasons for the Vncreased frequency and size of- exp]os1ons beginn1ng in
~ the early 19005. (Page 3) o T /- '
Identify fout basic ingredients of a grain Hust explosion. (Page 5)
DfscuSs how'%ust particle size, concentration 1n'tpe *air, .and'minimum
1gn1bion temperatures affect the possibi]ity of grafn dust exp?o- %
sions. (Page 6) C
List in order the major probab]e sources of -ignition and probab1e loca-
" tions of primary grain elevator exp]osions. _(Page 8) °
Define the terms primary explosion and secondary exp1osion and discuss
theip re1ationsh1p with one another.'s (Page R’) . '
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6. Exp1a1n the terms 1gn1t10n sens1t1v1ty and exp]oswe severity and their A .
role in the calcu1at1on of the explosibility index. (Page 14) * -
7. Explain three genera1 methods of preventing potentially exp1os1ve
. airborne dqst clouds, (Page 16) . ' {
8. D1scuss the maJor countermeasures used to contro1 “the six maJor sources
of ignition 1n gra1n handTth.systems.<'(Page 19)
.9. Explain how 1nert1ng prevents 1gn1t1on of grain dust (Page 22)
.10. - Explain how expldsion vent1ng works to Timit explos1on damage. (Page
,24) \ ‘ .
T 11, Exp1a1n°how explosion suppression works" (Page 25)
12. L1st'the three general types of grain driers and the hazards associated
with grain driers. (Page 27) ‘ , )
13, List the four 1eve1s~of service given to equipmeqf'in'a preventiyé )
maintenance program, (Page 29) / ‘
,l4.h State the health symptoms related to human exposure to grain dust.
(Page 31) ‘ -
15. List the NFPA standards that apply specifically to grain or agr1cul-
tural commod1ty systeéms.,  (Page 33) ' ’
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o - - L SUBJECT MATTER . .

\ * - *

. ( R B
. : . OBJECTIVE 1:  Summarize the hist;ry of grain dust fires

and grain dust explosions, showiftg the reasons for the
.increased frequency *and size of exp]osigps beginning in
.the early 1900s.

3 . -
M Fires and exp]os1ons in? grawn storage areas have been potent1a1 hazards
for severa] years. Pne of the first explosions ‘recorded .in wh1ch dust was
~ 7 recognized as a contributing factor occurred at a flour mill in Tur1n,
«. Italy, in 1785, It was not necogn1zed until over qne hundred years Iatéﬁﬁ\\\‘
that dust 'alone could cause an explos1on. -
) The earliest.reported agr:1cu1turaL dust exp]osioq in the United States \ ’
. wWas jn 1846. From 1846 to 1878, ten explosions-were recorded, *rine of which '
occurred in 'flour mills; one took place in a candy factory where starch was
the exp]osive material. In.1878, the tehth of these dust exb]os{ons was the »
first accxdent in the Un1\ed States to record loss of life wheq‘ggghtéen
‘ . persons: were killed. ’
Agricu]tural dusts other than flour»caused asseries of 72 exp]os1ons
and 60 deaths in: U S. agricu%tura] 1ndustries between 1878 and 1913. The
last of these ‘explosions involved a loss of 33 (3ves and 80 1n3ur1es in a
‘ 'feed mill exp]osion in Buffalo, New York. ’ ,
\ " The most catastrophﬁc agricuLtural dust explosion ever recorded qn the
U.S. occurred in a-Cedar Rapids, Iowa, starch factory in 1919 when 43 peop]e
) were killed and-30. 1ngured F1ve ybars 1ater, ‘another starch factory explo-
sion+in Pekin, Il]inois, kiTled 42 and #%Jured 22. Although dust eprosions
have occurred«in a-number. of other 1ndustr1es processing such agr1cu1tura1 .
products as coffEe, spiqes, poydened@pilk, and tobacco, in all of the :
recorded history of agricultural exp]osions, grain elevators rank first in
. the number of egplosions, people kilqu, “and amount of property damage.
From 1846 to 19563 atmost_twiceias many dust explosions occurred in grain
elevators than.in flour, mills.’nearfy IdUr times as many as in starch pro-
'cessing and utf]ization, and over one and one-half times as many as in\feed

1 ' i
. aﬂb cereal m11ls. . ¥ 5 .
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Another problem, for the grain industry has been dust f1res-. r+hstor1- /.

ca]]y, dust fires have far outnumbered dust explosions, although tﬁgy have .

resulted in significantly -less damage per fire. Until 1905, gra1n e1ev’tors
were built of wood and were powered by nonenclosed mach%nqry. when dust did
ignite, the storage spaces were not so tightly enclosed as to allow the v
buildup 5f high explosive pressufes. Therefore, -early dust explosions were
generally rapidly spreading fires rather than explosions. '

All this changed when the first concrete e1evator was -built in 1905. .

~—", .. . « . .
Concrete was used to provide stfength to allow for very large grain storage

capacgities and was considered to be ,fireproof.- Howevér, it soon became ap-
parent that fjreproof structures were not the same as explosion-proof struc-
tures. The strong'.concrete enclosures prevented'the release of pressures
built up. dur1ng rap1d burn1ng dust fires and explosions. These‘pressuﬁes
were "thus ab]e to build up w1th1n the concrete/éhclosures until_they re-
sulted in an exp]osion. Since 1900, over 800 gra1n dust -explosions have .
been recorded 1nvo1v1ng over 700 fatalities. ) E - *
Although gra1n.dust explosions cause the most denage per-incidedt, dust

‘fires also continue to plague the grain industry. Over 29,000 grain‘eleva-
“tor fires occurred in the U.5. from 1964 to 1973, an average of more than _ ‘

2900 per- year with an average total annual 1oss of over $33 000,000: A_sigﬂ
nificant decrease in the number of annual grain elevator fires has occﬁrred

since 1969, possibly because of the increasedtuse of fire protect1on\equ1p-

ment; 1nc1dd1ng the use of automatic detection, alarm, and sprinklef Sys- . - B
temS. ' - ! -— . [ Y ~
/ _ .
" . _ ACTIVITY 1" e . ‘, . .
* " (Circle the correct answer.) { *- B a7
, Increased frequency and size of grain dust explosions, ) :
beginning in the early 1900s can be accounted for by: . ’\Cn Y
‘. 1. An increase in drain peoduction,
—_—r ) . d L
*Answers td Activities begin on' Page 35. R - -~ . 3 o
t R \A ] , ’ ‘.'.
i - , 4 . R . " .
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The building‘of concrete elevators.
- The building of wood elevators.
The lack of fure prevention equipment.

- N

OBJECTIVE 2: Identify four bas1c 1ngred1ents of a grain
" qudt explosion. - ' S 4

-~

I ) - . \

1 ’

~ -A grain dust explosion Ys the result of a rapioly burning fire inside
an enc]osure. Four basic ingredients produce an explosion - fuel, air, an
ignition source, and a confined area. These ingredients can be found in any
grain or agricultural handling facility. Fuel, in the form of grain dust or
powder, is present to various degrees in a]l‘types of gra1n 'handling and"’
-processing fac111t1e£. To be exp]os1ve however, a dust must be (1) combus-
tible, (2) finely d1v1ded (3) dxspersed in air, and (4) in a concentration
within its explosive range. The dust/air concentration is critical; a mix-
ture too “rich" or too “Tean” in dust w111 not “ignite: However, in every '
”substant1a] dust cloud, an exp]os1ve concentrat1on exists somewhere.
Before an explosjon can take p]ace, there must be oxygen, the second

,1ngreoient to'support combustion. The air in all feed mills, grain eleva-
tors, and flour mills contains sufficient. oxygen to support® a fire or exp]o-
sion. . .

When. fuel and oxygen are present in sufficient quantjties, a Tire can
occur with the addition of a third ingredient - an 1gn1t38h source. This
may be in the form of heat, a spark, a2 flame or anything that provides ener-
gy of a.significant amount for a long enough period of time for ignition to
occur. ' P ‘ N \

Severa] things in grain elevators and processing p1ants can provide a
source of 1gn1tion static electficity discharges, friction Pﬁmrmmv1ng

parts of machinery, spontaneous combustion within stored grain, and welding
and cutting operations. Other ignition source lude ?aulty wirimg, heat-

" 1ng and lighting equipment, open flames, and s caused by metal debris
1n the grain stream striking process equipment: parts.
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-~pltessureé 1ncre{se or rise,

', , ) \ ‘ L ? T

¥ AN
“ N . \‘9 .
The fourth ingredient which turns a dust fire into a dust explosion is
This ;1osed container can be a p1ece of process equipment,

As the fire progresses,

a confiheﬁ aréa.

a room enclos1ng process equ1pment, or a gra1n bin.

tremendous heat is generated which results in a rapid expansiOn of the air.
LN

When the resulting pressure’ exceeds the structural strength of the confined .

area, e§glosion will occur. When all fourlelements combine, an explosion
- é

occurs .in miTliseconds. , "
- ‘l.’ B \ T ..
— ACTIVITY 2! messssspesssssme

(C1rc1e the gorrect answer.)

Which of the fol[gw1ng 1ngred1ents, ‘tf present ‘at one

t1me and location, have the pqtent1al for causing a

grain dust explos1on? ) - :

1. A1rbornﬂst1b1e dust,;an oveﬁ'heated motor
bearing, oxyden, and 2 static e1eqtr1ca1 spark.

Staéic.e]ectrica] spark, Biygen, 2 'closed con-

* 2.
. tainer, and a lightéd cigarette. '
3. A welding arc, a closed c0qteiner, ajrborne combus = ®

tible dust, and friction heat from an improperly .
™~

an overhédated motor v

adjusted motor belt.
4, Airborne combustible dust,
.bearing, oxygen, a closed container.

s ) “

oadec3;vs 3:  Discuss how dust‘bartic]e siz&, concentra-
tion in the air, and minimum ignitign temperatures af-
fect the poss1b111ty of a grain dust explosion,

Several factors can help determine .how explosive a_cloud of dust is.

4 The size of grain dust partic]eiﬂjs a major factor in their explosibility.

Dust clouds madeiup of very small partitles:will most likely ignite at lower
. ¢ N

temperatures, cause a more powerful explosion, and have a faster rate of

The reason for this is the increased surface

s ‘ -

Lo

Page 6/SH-27 9. .




area of smaller part1c1es, they have more surface ared 1n contact with oxy-'
gen in the environment. ,
The dust particles in most grain elevators have average diameters of.
approximately 12 micronsﬂ One micron is 1/10,000.0f a centimeter. Partl-
cles less than 100 *microns are considered hazardous. -~
Ignition temperatures have been measured for dust clouds and dust

layers. Ign1tvon temperatures for dust layers are less than those for dust

clouds due to the 1ncreased time exposure of dust layers to hot surfaces as -

opposed to the relatively shorter t1m§ exposure "of. dust clouds to possible
ignition sources. . . . hd

-

Like f1ammab1e gases, combust1ble dusts must be w1th1n their explosive
range in order to support combustion. Just because one can see airborne "
dust does not mean an exp]os1on hazard ex1sts.

As a "Fule of thumb " explos1ve concentrations of m1xed grain dust are

- within the explosive range when the dust cloud obstructs a 100 watt bulb at

a2 distance of 10 feet. Caution is necessary in applying this 1nforma1 an?’
inexact measure as only laboratory analysis of air samp]es prov1des an accu-,
rate measure of concentration, particle size distribution, and other factors
of risk. , - . ;

Appendix A includes.two tahles; one table shows the minimum explosive

agricultural dusts. The s

concentrations, ignition tem eratures, and ignition energies for a number of
ﬁ‘&nd table'gives the maximum explosive pressure

arrd rate of pressure rise for a sampling of dusts.
—. ACTIVITY 3:._\_ ’ y ‘
. Which of the fo11ow1ng statements about grain dust is /
. false? Grain dust clouds made up of very small particle
sizes will most 11ke1y ..;
1. ‘ignite at lower temperatufe.
i\?sure.

\\2. Prodpce 1ower’explosive pre 4
3. Have a fast rate of pressure rises
4\ Have increased surface area cbntact. //

3
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OBJECTIVE 4:  List in order the major probable sources

of 1gn1t1on and probable locat1on of pr1mary grain ele-

b

vator explos1ons.- T i ‘

* -

Because of the widespread destruct1on resu1t1ng from a gra1n dust ex-e
plosion and the lack of eyewltnesses, inwestigations that attempt to 1denEl

tify .the source and-ﬁocation of 1nit1a1 xplosions have generany met

little success.

In many cases suppos1t1on or a "best guess" has had to re-

place fact.

Table 1 ‘presents “the probab1g ignition sources for .250 inciz

Lo

.

dents of grain dust explosidns. In 103 of the 250 incidents stud1ed prob- .

¢

_able igp1t1on sources could not d@ ident1f1ed

*

"~-,,’

TABLE 1. -PROABLE IGNITION SOURCES
. r -t Number of Bercent of
Jd . Incidents Incidents
Unknown 103 41.2
} Welding or cutting g 43 17.2
Electrical failure N 10 4.0
Tramp metal * - 10 4,0 .
Fire other than welding or cutt1ng 10 R 4.0
.Unidentified forefgn objects caus1ng sgprk. 9 3.6
Friction from choked feed mechanism 8 3.2
"_| Overhéated bearings » 7. 2.8
Y Unidentified spark 7 © 2.8
Friction sparks 7 2.8
Lightning : 6 2.4.
Extension cords .caught in feed mechanism 4 1.6
Faulty motors . ' ‘- 16
Stat#electricity . s 3 1.2 -
Fire. from fr#ction‘pf slipping drive belt 3 1.2
Leaking flammable vapor . 3 1.2
‘ ;
>, : !
Page 8/SH-27 . ’ . 4
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Table 2 presents the ﬁprobable,ld\éations of pt:i,malry ex;ﬂosions.-
about 43 percent of the incidénts thesge sites a.re unknown.
trates a typ1cal grenn elevator and can ‘be used to 1ocate some of the major '
s1tes of pr1mary éxp]os1ons., . ’

.
o

[}

’

;

-

-

L

F1gure I t11lus-

Smo]der'ing gra1n or mea.] iR ,fse}idechamsm - 2_" 0.8 .
Smok ing material ,(cigarettes matches, etc.)’ 2 0.8
Lighted firecracker . LT 1 0.4" 1
Volatile chemical escapmg from»soybeanj - o S
processing Mo, J 1 it 0.4
‘} Fire from cob pile outside facility T+ ° 1 0.4 ,
Faulty heaing-system N e PR B 0:4
Pocket of gas in bin~igniting - . X .(‘ 1 ., 0.4
Extinguishing firé- ‘ T 1 0.4 _
Leak in gas p1oe 1gn1t1& ; 1 > '0.4 ,
"Electric control panel exblodmg <, 1 ’ 0.4
S1ipping conveyor helt ' (. - 1 ‘ ’ 0.4
Sample Size (Incidents Examined) 250 . *160.0
e d <

L AN

In® -«

.TABLE 2. PROBABLE LOCATION OF PRIMARY EXPLOSION./ ,

© Number of Percent of

. ) . . 1 Incidents '.I”nci'dents
Unknoyn ' . * 107 . 42,8
«Bucket elevator ’ \ . . N .58 ' 23.2
Hammer m’iHs, roller miHs, or other grindw T . :
. equipment . .- 17 . t 8.

Storage bins or: tanks » < ) T o 13 5.2 _
Headhouse . N S . 3.6
Adjficent or ettaohed feed mi1l - 83 3.2

NBasement . SRR v 4 7 1.6 .
Processing equipment S I < * ( 3 > 1.2
Dust collector . . , . : <3 v 1.2
Tupnel ¢« 0 - r 2 0.8
y | . _ ‘ ,

13
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. N \- P ‘ , ,
- | oy . .
Distributor beads . ‘7 2 , 0.8
Passenger elevator or, maant shaft - 2 0. é
Grain drier o - 2 0.8
_Oﬁtside and Qd‘]acent to fac1hty e 2 0.8
/- Peﬂet Jector T s . 2 - 0.8
.| Conveyth tem"' ) L ) -2 .0.8
. Receivmg lﬁb ‘ - B - 2 0.*5
. hthec handling equipment - - . - 2 © 0.8
. Procesing, plant, & 1 0.8
Down spout Co S . 1 ol 0.4
OOrn tester, ' s - 1 0.4
Feed room ’ 1 0.4
Sampler = . ) -1 0.4
) Storage room . 1 0.4
. [Boiter or feed mi 1 . , 1 0.4
Electrica] switch .+ = 1 0.4
<> | Auger conveyor . ‘ 1 0.4
)"‘Elecf‘ric panel . - 3 , I~ L 0.4
A ga;n;ﬂe $ize (Incidents Examined) * oL 250 100.0
. ’ . . ‘ >
2 ' '
.. ‘ _ ’ «?
N
- s ’
ooy ! .
™
. ) ~
Page 19/SH-27 . : :
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Figure 1. Diagrammatic section view of a ternnna1 type grain elevator
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(Circle the best answer.) .

with stars identifying potenti® dust cloud areas.

»

a

{

. "

)  ——— ACTIVITY 4 e sss—

1. What is the highest single recorded probable

1gn1tion source for grain dust exp1oswons? ’

Lightning. ‘ oo
b. Static electricity.
C,, Welding or cgtting.

/ d. Smokiﬁg.
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. 2. Of known locations of primary explosions in grain '
N " elevators, the greatest number have taken place in:
. * a. The grain storage bins.
" B. The bucket glevator. - .
o T S

- c. The area of the «conveyor belt. ')
d. The headhouse. ' '

-

Q‘ ’ '., ﬁ,__/r

@

- OBJECTIVE §: D:fine the terms primary explos{on and
secondary explosion 3nd, discuss their relationsh1p with

N one\gnother. )

)

When massive destruction resu]ts from a gra1n dust exp]os1on tnvariably

o

it 1s becayse several explosions have occurred in a series. " That *ts, there .
. - was one primary explosion and several secondary explosions. Ofte; these ex-
; plosions®move in a series of wchain reactions from one éhd.ofva‘grain~e1eva-
tor plant to the other in a matter of seconds.. . )
Primary explosions occur because fuel, oxygen, heat, or-a spark, are b ‘
mixed together in the right proportions withia a confinéd'area. When this ~
mixture occurs, a fire ball, high pressures, and @ shock wave ége produced. .
The shock wave travels throughout the surrodnding physical plant and causes
dust at considerable distancés from the primary explosion to become air-
borne. This airborne secondary dust 1qc1ude§ dust resting on rafters, pro-
cess equipment, walls, and floors. Although not normally hazangaus, this
, Bus; is capable of causing massive explosions when suddenly,blown into the
air as a result of tﬁé shock wave from a grimary explosion. A primary.ex-
plosion ma alsq destroy processing equipment, which can disturb stored N
grain ors rain being processed. All this can produce even greater amounts
of airborne dust. X )
uith so much extra dust airborne, secondary explosions may now occur. .
These are gignited by the heat of the primary explosion, by normally present
ignition sources in plant areas not pérmal]y subject to dust clouds, and,
-~ ) . ’ . \
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.l e—#— AIRBORNE DUST
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. according to recent research,:from the
explosion. Secondary explosions ;re"tpe
processing industries. Figures 2a through 2d illustrate the sequence of

[ -
sga;: wave created by the primary
réal threat to-grain handling and

events which produEe primary and égcd&@iF} explosions.

3 % .
Figure 2a. Grain elevator with,

explosivedgirborne dust generated
in bottom of elevator leg.

-Figure 2c. Sécoﬁdary explosions,

accur where secondary dust clouds
ave been generated.

éxplosions.
{

These clouds
initiate oths; clouds and fgrther

. 3 ' { >
. Figure 2b. An ignition source (such
v &s an overheated bearing) plus oxygen
’ causes a primary‘explosion in the

.enclosed elevator leg. The explosion

L -3
‘.. sends out. a shock wave which causes
: - more dust to become airborne. '
Q- . : -
- ir2 . s N ‘
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Figure 2d. Elevator is destroyed -
" by secondary explosion.
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— ACTIVlTY 5 -] ;

Which statément below is true’
1. Primarx_expiosions produce the greatest damage in

N

‘gradn elevator explosions.

-
.

©2." A major selrce of fuel for secondary explosions is
the dust that is aTﬁowed to. accumulate on fipors,l
rafters, and machinery throubhout a grain faciiity:
3. A'sétdndary explosion can occut without a primary
Ve o . ;
- explosion. ' » . M
4, , Primary expiosions and secondary explosions cah be

unrelated.to' each other. .

“r cnuecq$vs 8: Expiain the roles of ignition sensititiv-
ity and explosive 'severity in the caicuiation of the ex-

. piosiﬁiiity index.

The potentiai hazard of any dust is determined by two factors: (1) its (’
fgnition sensitivity, or how easy, it is to ignite, and (2) its ekplosive .
severity or; how strong the explosion is after it occurs.

- A dus/ cloud's ignition sensitivity is infiuenced by its concentration,
particle size, moisture cbntent,;minimum:ignition temperature and minimum
iénitidh enérgy. Explosive rij is greatest when dust concentration is in
the -middle of its explosive ran ge particle size is small, and moistite \

content ignition temperature, and ignition 'energy are low. It is /- : i -
1nteresting to note that the minimum ignition temperatures for most grain
dusts: are less than minimum ignition temperatures for propane, which {s

'842°F, - .

Strength of combustton, or explosive seyerity, is measured by how fast
the pressure rises within a structure containing an expioszon and the
maximum pressure that is generated during the ‘tourse of the explosion. The
éxplosive pressure of a grain dust explosion can exceed that of most fuel

gas explosions. under similar conditions. " .

Page 14/SH-27
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Ignition sensitivity and explosive sever‘ty are combined to form an ex- -
rplosibility 1ndex to measure the danger of various dusts (Ign%tion Seﬁsi-
. tivigy x Exp1os1ve Sever1ty = Index of Explosibility). This index wa§:
N developed by the U.S. Bureau of Mines, and continued by the National Fite =

Brotection Association (NFPAY. The index uses Standafd Pittsburgh Coal with
N

. ' 37 percent volatiles as the standard ‘for the compar1son.
v T Resu1ts of ca1cu1a 1on§ of fgnition sens1t1v1ty, explosion sever1ty,
and the exnlos1b:1ity index for various agr1cu1tura1 dusts are given in
L ) VTable 3. See Appendix B for. actual calculation example.
‘ r o S - ) -
T ) ‘ IABLE 3.~ E}PLOSIBILITY‘{NDEX FOR VARIOUS AGRICULTURAL DUSTS. ' ¢
o i » Ignition - " Explosive Index of
. " \ . Dust ",y Sensitivity Severity  Explosibility
Cinnarion .. 2.5 s 5.8
Corn . '2.3 3.0 6.9
“cornstarch 2.8, C T34 e 95 ]
.‘ ‘Grain (m1xed) T 1 2.8 - 3.3 - 9.7
o Sugar . 8.0 . 2.4 9.6
S Wheat _ 1.0 2.6 2.6
Wheatflour oo 1.5 N 4
'Hﬁhatstancﬁ #’ : 5,2/ . 3.4 17.1
. Coal dust** - 1.0 1.0, < 1.0
) **Standard Pittsburgh Coa™ with 37 percent volatiles.
£ - Note: These figures may vary slightly between references depending I
. ) ‘~on the 1aboratony apparatus used in analysis. .
: - r
‘ ’ *  ACTIVITY &: ————
> ¢ ./ 1. State the basic equation for‘d%termining the ex-
‘ . plosibility 1ndex. . ' ‘ )
. ) .\4 .

' > N
. . .
. . - -
- — .o : . : , {
. - . ! ¢ '
. ¢ ~! L] ¥
. R - .
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f. ‘(Circte the best answer.) S . ‘J/
The ignition sensitjvity index for wheat is 1.0 and”
its expiosive severity index is 2.7. What is the
relative hazard associated with the inQex’of.ex- C
plosibility for wheat in terms of the type of ex-
plosion it.can produce (Ygnition sensitivity x ex-

plosion -severity = index of explosibilfty)? 3

3

a. Weak - 0.1. P r .
_b. Moderate - 0.1 - 1.0: .~ . .
c. Strong -'1.0 - 10. i ’ ,
- d. Severe - 10+. T
.. . Y . \ ,

OBJECTIVE 7:  Explain three general methods)of prevent-

ing potentially explosive airborne dust edouds.

.« - = ) T - =

Efforts to prevent grain dust explqsioqs are based on an/understanding
of their causes. If all four ingredigdgé‘(fuel,\oxygpn, an.igni%ion source,
and a conjined sﬁace),must be preienF 3% the.same place and time to cadse an
explosion, then the way to prevent an éxplos¥on 1s'to_Eéep all four ingred-
fents from coming tqgéther at one place and time. By eliminaiing aﬁy one of
the four/basic 1ngred1§nts, an explosion can bé 9revented: éy elimfnating
any one, of the first three 1ngred1ent§ Afue1? oxxgen, ipd an ignition -
source), a fire can be eliminated. ' ' T

‘Obvtdusly,jgrain itself cannot be eliminated from brain hand1ing opera-
tions. However, steps can.be taken to reduce and -control- dust. '

puststs generated whenever grain s moyed, handI?d, or processed.
Therefore: the first dust control measure 1§)to enclose the process)and the
second ié to reduce phe moving, handling, or processjng_oﬁ.fﬁe grain‘to the
miniﬁgm. For example, this ¢an be done;py q%ducing the distance that the’
grain must fall at various points in the grain elevator, reducing belt a
speed, and byhproviding choke feeds so that grain to be moved flows onto a
belt from thg-botfom of a thute. This chute is placed oply a coyple of.

¢ . n

S ; 19 ‘
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. & . Y
‘ . 1nches above the moving belt SO that the grain does not have to fall and hit

the belt. Falhn.g gra1n psoduces dust. A

v

These meth&ds reduce -the amount of dust formation but do not, of
course, ehminate it. Therefore, the second recognized necessary step in
dust control 1s exhau‘st ventﬂatlon. ~The four components of a vedtilation
system are normaﬂy hood duct, fan, and cle a ing or conditioning devices.
Ventﬂatwn system design must confdf‘n t& NFP and other recognized stan- *
= dards. o T . By o) ' \

® In-process cont/rol venti’l'ation suc‘fiontntilation systems are in-
stalled at all points in a_grain eﬁator where dust is generated or where
it is d1sturbed enough. to becomesairborne. An examp1e of a dust coTtrol -

ventilation system is 111ustrated in Figure 3. . . H

.
~ * ,

CYCLONE
SEPARAT

[ Y

ELEVATOR , ELEVATOR . DUST PARTICLES REMOVED
‘ - INSIDE oUTSIDE \
v o .
/
$
4 . :
ONLYONE O THEJOTHER CLEANING DEVICES
\ TYPICALLY UBED AT AN ELEVATOR FACILITY *
* \
+ Y / /,.-‘ .
7 , N
- + TO ATMOSPHERE ,
4 M . /,
) 80
FILTER
L} H
? . ¢
TN s .
- 4 . DUST PARTICLES REMOVED
‘ o . . - . ’\ . "
. , Figure 3, Components of typical graip dust exhaust ventilation system.
-y ~.
4 t
‘e / . v ’w .
@ ' o |
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By remov1ng dust from the grain stream as it is generated exhaust ven-
tﬂatwt’systems prevent the formation of 1arge airborne dust cﬁoﬂds, and ¢
prevent airborne dust from coming in contact with ignition- sourCes. The
dust 1s removed from the grain-so it can no longer be a hazard® e1sewhgre in
the grain e]evator, and airborne dust is prevented from sett]fng on floors,
rafters, and other surfaces ‘'where it can become airberne aga1n by the\shock

_wave of a primary exp1os1on. A1so, Tf’dust»ds alloWed to sett1e on hot sur-

faces, it can smolder and then burn, thus igniting a primary exp1osion.'
. The third method of dust contro1 is simply good housekee : This in=
volves the actua1 brushing of dust from rafters and other hor1z ta1 sur-
faces and removing dust from floors. No matter how efficient the des1gns of
dust control equ1pment and ventilation systems may be, dust will gradually
bu11d up on horizontal surfaces in a gra1n e1eya!br and must be removed.,

S—

IMPORTANT NOTE! It is the slow buildup of dust on-floors, rafters, and

other horizontal-surfaces which provides the fuel €or secondary explosions. ‘d/
'6 dust 1ayer thick enough to Teave a clear footprint, if completely air-

borne, is enough dust to form an explosion. Therefore, dust must ber contin-
ually rémoved from floors, rafters, and other surfaces.

/ . .
3 . h N ' ’
‘
o

ACTIVITY 7 —

~\Nh1ch of the following is not a good method to ’
contro1 the generation of airborne dust hazards7

a. Increase the distance grain must fall onto
- belt sys ms.

b Use exhaust ventilation systems.
. . . N
¢c. Enclose dust-producing proeesses.

d. '.Sweep and glean floprs and surfaces regu]arlyt

2. List the four basic components of a typica1 dust >
) 'control venti]ation system,
a. \ .
Y, . [y
C. ’ \y
: d. - %
' ]
| Page'18/SH-27 . 91
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OBJECTIVE/8:  Discuss the major countermeasures used to
. . control e six major sources of ignition in grain han-
M LY .
v . dling syst®ms.
\ - . Y
( -

To prevent the ignition of ara1n dust and,the resultant dust explo-

sions, every possiblé fgnitien source in a grain elevator must be kept at a

safe level.
'electr1c1ty,)fr1ction heat, spontaneous heating and
poor]y maintained ‘electrical equipment open flame,

scraps. -
The first major sourte 1s‘cutt1ng and welding.

. shoulgd not be allowed where grain dust accumulates.
should bezallowed only if a “hgt work permit" has been approved.
permit is a written form which outlines the'policies, requlations,

- Six major sources of ignition are cutting and welding, static

com@ustion, improper or
and sparks\from metal
E .
Welding or cutting
welding or cutting
A hot work
and_pro-

cedures which must‘be followed before equipment eapable”of 1gnf€?ng combus -
tible materials {(such as welding equipment) can be used outside of plaﬁt
areas especlally'6351gnated for it use. The hot work permit requires that
the worker eliminate potentia] fueT sodrces before approva] for hot work.is
granted ’ .

The need to we]d or cut in plant greas conta1n1ng dust can be partially
el#minated by using equipment that is easily removed. “Such machinery can
be unbolted and moved to a central maintenance shop'for necessary welding or
cutting. ' . L
"Static electrigity, the second source to be discussed, 1s denerated by

the contact and geparation of dissimilar materials. A];hough it cannot be
_» prevented, static electricity is c0ntr001ed by providing a safe path foriit
to travel' to grodnd. This is done by bonding (electrtcally connecting) all

equipment and by grounding (provtding an electrical pag@ for the static-
. ~ electric charge to travel to ground): All equipmernt in a grain elevator

should be bonded and grounded to prevent the build-up of static electric-

. ity. This is especially true of all belt systems. ;
. ‘l’ .. Y €
' " SH-27/Page 19
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lbacteria]

T

~ . . ‘.
[

" Friction heat is a third major source. Heat is often generated when

"motor bearings overheat, when belt roller bearings overheat, and when beit
. systems become c]ogged with grain, causing belts to stop while be]t pulleys

(the belt drive roilers) Keep moving against the belts. Most heat-producing
friction hazards can be prevented with prop inspection and Iubrication of
all machinery op a regular or scheduled basi Clogged pe]t'systems can be
detected through the use of e]ectronic motion detectors and prev9nte§wfrom .
creating friction by automatic shutdown systems. s
Spontaneous heatipng and combustion, a third ignition source, occurs in~;
stored grain when heat is produced by bacterial action within the stored

r.gain at a faster rate than it can be given off. When this heat cannot be

ssipated fast enoughb spontaneous heating occurs. When the heat leyel
reaches the grain s ignition temperature, spontaneous combustion occurs.,
Such gdmbustion resu]ﬁ{'in a fire and <an be a potential source of ignition )
for a grain dust explosion. L ' )

" Spontaneous heating and combusttoﬂ can be contro]]ed in a nu;BEr of
ways. Monitoring the internal temperature of stored grain, periodically -
moving grain from one bin to another in order to a]]ow for the dissipation.
of heat, fontrolijng the moisture content df the grain which controls the

activity, and periodically forcing air through the grain to dissi-

pate the heat\(aeration) are, some oﬂ the possible control methods. '

/
- Improper electrical design and inadequate maintenance can create a

fourth source of ignitiod. Elimination &f wiring, heating, and lighting <,

equipment sourceszpfzignlfion requires proper design and proper maintenance.

During initial design, eguipment suitable for the location in which it
will be used should be chosen. In some cases, special.equipment for dust
locations snould be installed. The type of equipment insta?]ed should be
selected using a thorough knowledge and understanding of Article 500, Haz-
ardous Locations, o?pthe National Electric Code, NFPA NO. 70. Section 500-5
of this code specifies certain requirements for locations related to com-
bustible dusts.

T . ®
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Special equipment used in some hakardous locat1ons must be "dust-igni- ‘
tion-proof". "Dust- 1gn1tion—proof“ meifs equ1pment enctosed in such a mar- .
ner that it will prevent the entrance of dust and, at ‘the same time,-hot
lpermit arcs, sparks, pr‘peat generated inside the enclo§ure‘to ignite accum-
_ ulations or suspensions of ‘dust in theicinity of thedenclosure. Article °
500 of the code explains this. ’ : L
Regafd1ess of the type of electrical equipment installed throughout a
' grain elevator facility, it:must be properly maintained to prevent it from
becoming hazardous. Periodic inspection for damage, wear, and deterioration
is requ1red. \

v

A fifth source of 1gn1t1on is open flame. The major sources of open
flame *(excluding welding and -cutting) are cigarette smoking and open burning
of trash. Cigarette smoking and open burning must be strictly forbiddén in
and argund a grain elevator. S, o

Sparks from scraps of metal in the grain are a sixth source. To pre-
vent tramp metal in the grain stream from causing sparks by striking other
metal. surfaces, two major préventive measures may be u;ilizeﬂ. First, a
small opening grate at rail and truck dump areas will allow the \ffee flow of
grain but will trap any large pieces of Qetal. Second, an electromagnetic
cleaning device placed at a paint where the grain -stream-must pass close
enough will allow gpd11 bits of metal to be removed from the grain. This \\\\

maghet must be ingpécted and, if necessary, cleaned daily.

(Circle the.best answer.) : )
, 1. Whigh of the following is not a method used to

control a dust explosion 1gﬁition source?

ot

P a. Exhaust ventilation. _

’ b.  Grounding and ‘bonding. -
c. -Use of "hot_work permit.”
d. -Electromagnetic cleaners.

4
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2. Equipment enclosed ‘in such a manner that it will ) ’
‘preJeni the ehtrance of dust but not permit arcs,
sparks,'or hea?/qenerated inside the. enclosure to _
cause ignitionlof dust on or near the enclosure is* -

.called ' * i -

e — -‘ * . /\

-

OBJECTIVE 9:° [Explain how inerting prevents ignition of
grain dust.

Inert1ng is a method used to prevent the formation of. ¢combustible or o
exp]os1ve dust-air m1xtures. Lnerqéng involves replacing a port1on of the
oxygen in the air with an inert gas so that the resulting)atmosphere con-
tains too little oxygen to support a fire.

For grain dusts, all of the oxygen would not have to be- removed .to pre- .
vent f1re or explosion. , Inerting éases which, have been.used are carbon di-
oxide and nitrogen. If nitrogen were used, and the oxygen 1n the atmosphere *
were reduced from the normal 21% down tq approximagtely 12 to 14%, an explo- ’
sion of grain elevator dust could not occur even if a source of 1gn1t1on
were present. i

Inerting is not a new jdea. The Bureau of Chemistry of the U.S.

]

Department of'Agricu]ture was very active during the per1od 1914 to 1935 inm
1nvestigat1ng and promot1ng the use of inert atmospheres to control dust
hazards. Although 1nert1ng has been adopted in some industries for various
ngnding and dust hand11n’.operat10ns, it was never genera]]y employed by
,the gra1n storage and feed mill industries. i

Potential benefits of inerting were said to 1nc1ude (1) a reduation ofs"
grain 'spoilage. from oxidation and aerobic bacteria, (2) control of sprout-
ing, (3) inhabitation of insects} rodents, and other pests, and (4) a reduc- .
tion of fire and explosion hazards. Industry practice has shown more cost-
effective methods for control of spoilage, sprouting, and pests. Although

it was general]y agreed that imerting was an effective fire and explosion

W

Do
n
|
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) . control in pr1nc1p1e, it was felt that the cost of 1nert1ng was proh1b1t1ve v
as a general cont o] for several Peasons. - S

In general, inerting was fonswdered unsuitable for use 1n grain e1eva-

~— togs for many reasons: (1) ‘the large volumes involved, (2) the difficulties 'fq )

_in providing air-tight storage to allow for the recirculition ﬂ¥'1dbrt gas 4
with minimum 1oss, (3) concrete is porous and allows exchange of gases . Fe
thraugh.the walls, (4) the need for continuous monitoming, (5) existing
storage units have openings for ventilation filling, and discharging grain,
and (6) the requ1rement for an inert gas supply of adequate cdpacity.

Although many of these prohibiting factors may still be valid, some are
" . being re-evaluated in 11ght of new economic incentives, new electronic| ~
monitorig and control equipment, 'and. new methods of construct@n. Inerting
‘may be attractive for special abplications innelatively small or critical’

un1ts. Two of the most vulnerable units for cdﬁsideration might be bucket “";

elevitors and bag filler units. :
NFPA No. 6&‘ "Standard for Exp]os1on Prevent1on Systems," prov1des a

- cons1derab1e amount of information on inerting mater1als and methods for 1n-g
’-, stalhng inerting systems, -1nc1ud1ng basic design data for the guidance of e
engvneers. ' - o

~ .

. Grain e1evators and feed m111sthou1d study industry exper1ence with

the explos1ve hazards of combustible dusts and their use of inert gas pro-
. tect1on. Gr1nders, pu]ver1zers, mixers, conveying systems, dust collectors,
and sacking_ machdnes couId be operated more safely using the inerting method

of explosion control. — A g
-~ > . v
. ACTIVITY 9: — l
(Circfe the best answer.) - . ‘. ’
Inerting prevents dust exp]osions by: ‘
o 1. Preventing _phe generation of airborne dust.
. 2. Preventing stat1c electricity. ' ’ '4'
3.. Preventing the presenee of enough oxygen to support ' '
~ combus;ion. L. \ Coe ’
4, Preventing 1int buildup in fau]ty bearings. o -
& N . - <
N . .
‘I’ i Y. ) . ‘ .
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oaJECTlVE 10: Exp1a1n how explosion venting works to

~

11m1t(éipios1on damage. “ ¥

’ ) . -
when a dust cloud is ?bnited tremendous heat is produced. As-the
atmosphere within a closed conta1ner is heated, two things will happen.
- . First, as the air 1s heated, it will expand. Second if the, conta1ner 1s
. tight1y closed and does not allpw the heated air inside to expand, pressure
*  will build up in ide the container. When thisQBressure builds to a point
- that it reaches ; force equal tq the structura1 sﬂ.%ngth of the container,
the pressure*will-burst the enclosure. Th1s 1s what happens in an e;plosion
* and 1t Hsppens in less time than an eye blink‘ _ 2
) The basic theory of explosion venting is to provide panels in the walls
and ceilings of rooms, bins, and other enclosures that-will b]ow out at Tow
pressures during the course of an explosion to allow far pressure relief be-
fore the pressure 1n‘the enclosure reaches the enclosure bursting pressure.
NFP;\ET:Bil980 "Standard for the Prevention of Fires and Explosions in
Grain E]evators and Facilitie$ ﬁandling Buik Raw Agricultural Commod1t1es,

. requires the use Of explosion relief venting pané]s in rooms, bu11dings, ’

'L. . bins, and other enclosures. Specifjcations are in NFPA 68 "Guide to Exp]o-
: *sion-Venting." ) \ . U ﬁ‘ ‘
. : Although Vent;ng can reduc potential damage and injuries from grain -

. dust explasions it is important to understand its 11m1tat10ns. F1rst, vent*

“ ing does not e11m1nate ‘the explosion but only reduces its effect. ’Second,
_vent panels must be placéd'so.as not to present a hazard to people or'dther
equipment should-they open and emit a large and fokceful ameunt of flame .
ze increases, . the size

durir -exploston. -Third, as room or enclosure
of th 1 must_increase. This presents a probl m when the size of the .
enc1osur requires that large wall or ceiling rﬁé’b areas be used as vent
areas. Beyond a certain room or enclosure size, vent1ng becomes impractical -
sdueto the lack of enough surface area for proper venting and the effect




.
~

. . - '
‘ " . that venting panels will hdve on the overall strength of the structu;e being
vented. ' - . -

' . - . S
ssessssssssssms  ACTIVITY 10: —
Which of the following statements is fejse? Explosion
. venting:
1. Does notAeHminate or reduc’e the occurrence of dust
"1 explosions. ‘ !

2. Can be installed 6n any size structure.

3.  Prevents the buildup of high explosive préssures. '~
- 4. Mustvbe lacated so as not to present a hazard to
S —bgople during operaiion.
N ) . v
e - *

OBJECTIVE 11: Explain how explosion suppression works. I

v
\

S‘pa'ce-age e]ect;'onics have,{nade it possible to detect an exp]oiion the

o . . .
‘ ] instant it is ignited and ftp extinguish it béfore jt does any 3amage. This .

‘ .is possible’ b?’;—ause an explosion takes_'a few thousandths of a second to .
develpp explosive fiorce. The amount of time js less than an 'eye'ﬁﬁﬂ, but
it is erlougﬁ‘me‘to allow ,g]eqtrontcs/}wﬁge/ action. * ' .

During the first ‘fraction of a second when ah explosive dust or gas is
i,gnited,‘a relatively 'wgak shock wave Erave1s~qut from the point of ignition

i at a ‘speed of abo'Lt .l’,lOO-fee,t per §ec‘i)lnd. The flame front, -the leading

- edge of the explosiod, comes behind this, trav8ling about 10 feet per second

in anp~en1argin§ sphere. ) ) :
ressure-sensiti‘e' equipment can detect the /ﬂn'tial shock wave in
‘ 35/1,000 of a second while the flame front is about the size of a baseball

(see Figure 4). In ar:other 5/1’,000 of a second, the detector activates the
extinguisher. At thi¢ point, the explosfon's flame front is about the size
of a softball. ' : »

. ) Extinguishing chemicals, under high pressure, are released from cyHr;‘-

. ders that Rave been p]acéd strategically around grain haﬁdh‘ng equipment.'.

t

. ) ) i% ’ ‘
. : . )
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\ e - ) L 1 MILLISECOND = 1/1.000 SECOND
Figure 4. Pressure-sensitive equ1pment can detect the initial shock wave
of ignition within 35 miliislconds. The detecter activates extinguishers
within 5 milliseconds. The chemical reaches the flame front within 20
—_— filliseconds to extingdish it. .. .

K
The high-pressure causes the chemical to travel at a high $peed toward the

advancing flame frant. Within 20/1,000 of a second of its reiease, the
chemicai coilides with the advancing flame front - by this time about the
size of a basketbaii - and extinguishes it. ’

e -, The total elapsed time has been about 60/1,000 of a second By combar-
ison, an eye blink takes aboet 100/1, 000 of a second The explosion will
ngk have had time to make any noise; the only sound neard'is from the
release of the extingui$hing chemical. ‘ ‘ :

Explosion suppression devices have been used with aaﬁffﬂz:ess in the
petroleum industry for many years. Use in grain h ng facilities has *
y been l1imited but their,vaiue for some applications is being examined.
Limitations of suppression devices are denerally of two types. First,
" the ‘units must be placed approximately four feet apart in a hazardo@¥ dust
area in order to provide adequate coverage and second, the units are expen-
sive. However, these limitations may be more imaginary than real 1?*\heir

ole

installation prevents the loss of tens of millions of dollars common in A
e large elevator explosions.
. ‘ -
- 23 .. )
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] ACTIVITY 11: ——

!
Explosion, suppress1on equ1pment can detect and extin-

.

4

guish an exp1osion.

1. In 5/1,000 of a second. o -
2. In 20/1,000.0f a,second.. -
3. In 60/1,000 of - a second.

4, In 100/1,000 ef a second.

i

OBJECTIVE 12: List:the three general types of grain
driers and the hazards "associated with grain driers.

A v

- Typically, grain drying is broken down into natura1 air, supplemental
" heat, .and heated a1r ‘methods. Natura1 air and supplemental heat-drying
\. methods are most often used‘at “farm or small commercial storage lTocations.
" These methods are low energy users since 11tt1e to no heat is used to dry

the gra1n. Typically, grain 3s placed in round metal bins with perforated

o i/}’f1oors and dried by using fans to force ambient air up through the floor

perforat1on§‘and the grain mass. In humid areas, a heater is added to the
system to lower the re1at1ve humid1ty of the drying air by raising the air
tempcrature a few degrees. ’f
The third drying method is the heated- air type. This method uses a
L batch of continuous flow, high capdcity drier and 1nvo1ves\the drying of
thin layers of very moist grain-with very hot air,

* Driers are useful, but they have certain hazards. Driers should be
constructed of noncombustiblé’mater4a1s and have access doors to permit in-
spection, c1ean1ng,eggnjenance, and the effective use of portab1e extin-
guishers or hose streams. ‘ '

. lccident prevention measurss for drying systems also 1nc1ude normal
recommendations associated with e1ectr1c and gas equipment. Inasmuch as
. ' fans and fan-heater units are typida[]y located outside, adequate grounding
is very important. Further, excessite,temperature detecting dfvices.shou1d

v .

L
N

:
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be used to automatically sﬂb;Ndth a unit if excessive temperatures are
reached. Iq some cases, fi}e detectidn systess are recommended. |

' Drjér operatorSnsheulﬁ be fully -instructed on -safe operation and how to
‘make periodic inspections of the drier unit, 0f particular importance is-
the care that should be exefcised in the use of any portable or stationary

augers used~tg load or unload bins .or trucks. Bodily injuries involving-

augers are usuall vere. - 2 ,
" Another major hazar ociated with bin drying systems is suffoc‘
tion. " There is reél\danger when . eone gets inside a bin to inspect )
gratn mass. An oxygeh deficiency test ouldube made before entering a
grain bin. Cave-ins and gﬁain-s1ide§ can also occur. It is recommended
that at least one other person be close by to offer assistance to a dis-
tressed grain inspéctdr and that the two kor three) should be linked with a

safety line, . . ‘ R,

S ACTFIVITY 12:

. * 8 J
(Circle the best answer.) )
1. A design feature of grain driers that prevents .

‘ fires is: . _
a. Automatic tempg?ature detecting devices.. .
i b. Access doors. '
c. Fire detection systems.
d.  Grounding of electrical Eﬁﬁbonent§.
2, List three precautiohs that should'be taken by a R
persofi who is epterfng a bin to inspect the grain N
mass. . a .
: a. - i
b.
’ C.
/
- v 31
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~ for dust fires or explosions.

B ; ™~
\ \ v . .
OBJECTIVE 13’ List the four levels ofservice given to |-
equipment in a preventive maintenance program.., -
mnhenens

L} -
- N
-

Consider the following 1ncident A 6-inch bearing on a grain efevatdr
head pu11ey-fai1ed id such a:way as to allow the bearing races to rub to-
gether, generating heat:. Thus, heat, oxygen, and a closed container (head
hayse) were all together, awa1t1ng only the presence of grain dust for a
potential explosion t} occur. Later, as a rail caf opened over a dump pit,-
dust was generated and ‘drawn 1nto the elevator. When the dust had risen to
the 1eve1 of the hot bearing, a deyastat1ng exp1osion occurred that spread
back to the dump pit and to seyeral other. elevatdr locations. -

This incident resulted in thousands of dollars in damages, one minor
injury (a]though the potential for serious or t@ta{ injufy was present), and
the loss-of 30 days production. The cause’'was an unserviced bearing. Had
the bearing been inspected on a periodic basis, th1s explosion could have

been prevented. 7
The purpose of preventive maintenance ig to (1 ) protect plant invest- .
ments, (2) permit <8heduled shutdown&\ (3) extend equipment 1ife and relia- ‘

. .

Preventive maintenance is based on the recognition that the expected
service 1ife can be reasonably predicted far almost any machine or machine
part. It dé also recogni;ed that the failure of minor 1nexpensive machine '
components or the failure to keep michines in proper adjustment, if left un-
corrected, will more than likely cause more extensive future faj1ures.

-7 _Eduipment which is not maintained and is a11qred to break down during

. bility, and {4) do all theése things at a reasonable cost, '

operating periods is not only costly to production but also usyally more
costly to repair. €quipment breakdowns in a grain elevater often pcoduce .
QQK{EZS of heat or sparks as sources of ignition, or create conditions which

cause dust to -become airborne thus contributiug to an increased potential
/ .

v ‘e !

SH-27/Page 29/




\

. , 4, , |

AI] machines will fai] if ng_,given proper attention at proper t1mes.
The following are foun levels of service given to plant equipment for the
purposes of prevedt1ve maintenance: hd ) )

Level 1: Eduipment operator attent1on daily, ‘weekly, month]y.

Levet 2: Routine perfodic scheduled 1nspectiqn, adjustment, c]éhnﬁng,

replacement of ‘minor parts, and eva1uat1on *of operation. , .

Level 3: Routine partial disassemb]y, 1nspection of, and neplacement

of disassembled defective parts and parts Bred1cted to fa11 before the 7>

next scheduled 1eve1 3 1nspection.
Level 4: .Major' equipme

N C

service or]rebuﬂd. A
The basic steps in setting up a preventive maintenance program\ are

~

follows .

1. Identify and list all items to be included in the prgventive mainte-
nance program, Develop a wax to label and classify each piece of
equipment. - . .

2. Bu11d an equipment service and informat1on Tibrary.

Determ1ne what is to be inspected, how often, (and what level of ser\Tbe
is required. Ve
Prepare detailed written \nspection work sheets to provide 1nstrud//ons

to inspectors and repairmen and a means of report1ng equ1pment status
‘to management. e

. A good preventive maintenance program w111 pot only reduce//pefating
costs and production delays but widl s1gn1f1cant1y reduce the probability of
p1ant fires and destructive grain dust explosions. ‘

s/

L ] .
ACTIVITY 13: _

]
o 1. List the foum levels of. service given to equipment
’ in a preventive mainfenance program.
) a. L . »f
b ) -
C.
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2. Which of the following statements is false? Pre-
ventive maintenance: i
a. Permits scheduled shutdowns for repairs. -
b. Utilizes detailed inspection work sheets.
c. Extends equipment 1ife and reliability.

. d.  Involves the jnspection of only expensive
major‘components of machinery.

.

. 4 ~ .
OBJECTIVE 14: State the health symptoms related to
human exposure ‘to grain dust. —

s

Grain dust can injufe a worker's health., Grain dust and other such
organic materials can provoke ﬁ’iman a varyety of pulmonary (lung-related)
health diko}ders. Symptoms of grain dust exposure observed in grain han-
dlers include ﬁhlegm production, chronic cough,'shortness of breath, chest
tightness, wheezing, and grain fever (typical fever symptoms).

In addition to respiratory problems, workers new to. _gsgin handling

semetimes develop a skin rash that usually goes away in a fewwdays.

'. When “any dust in the air is collected from.the breathing zone of
workers, it is measured in milligrams of dust per cubfc meter of air
(mg/Ma). Current health standards suggest a‘maximum of 15"mg/M3 total dust
to be in the breathing Zone of grain workers. '

To visudlize this small amount consider the following:

1

¢ 1 pound = 0.4536 kilograms
1 kilogram = 1000 grams
. -1 gram = 1000 milligrams

?

Therefore,
. 1 pound of grain dust = 0.4536 kilograms
’ = 453.6 grams
= 453,600 milligrams

]

v

>
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1n-the_§ypjca1 five pourd

" i /

-~

- v 1\
g'of f]ou}‘purchased at a grocery store

. there are 2,268,000 milligrams of flour. * If only 15 of these 2,268,000
milligrams in a five pound bag of flour were to become'airﬁgine‘iﬁ one meter

been reached.

eiwili have

of airy the maximum allouab\f concentration for human® expos
Recent dust concentratioﬁ measurements. obtained Hyuring cémplete work-
"shifts in a vdﬁiety of terminal, transfer, and county leyé;orﬁ ranﬁed be-
tween 0.18 mg/M® (well under the maximum allowable of {5 mg/M3) to 781 mg/M3
(well over the' maximum allowable of 15 mg/ﬁa). The highest concentrations
measured werehfound in the receiving tunnels of terminal and transfer eleva-
tors. ! ,

Federal Fegu]ations (OSHA) require that an qmﬁTbyer control.the work-
room airborne dust levels by feasible engingerinﬁ‘controls.or by other ad-
ministrative means. The use of respiratory protection (dust filter masks)
1§'primar11y-used-dur1ng the period that dust controls are being implemented
or where such controls are not feasible. En§1neer1ng contro)s include local
exhaust ventilation, process equipment change$ to reduce dust gene}atiqn,
and automation,

— ACTIVITY 14 eEEEEEE—
(Circle the Sest answer.) -’
1, Which gf the following dust concentration levels is

2 acceptable for continuous human-exposure?

/) - a. Five grams per cubic meter. of air.
. * b. Five pounds per cubic meter of air. < .
c. Five kilograms per cubic meter of air.

¢ Five milligrams per cubic meter of air,
List three engineering controls and one other
control that can be employed -to reduce grain dust
intake by workers. )

a.
b.

¢
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OBJECTIVE 18: List the NFPA standards that apply spe-

cifically to grain or agricultural commodity syétems.
v e - -

_ S

Standards that apply to grain handling facilities are many and varied
because a grain facility 1§ subject to all. 1ndustria1 standards re1ated to
individual machinery components, $tructural des1gn, and :operation and main-

tenance.
systems.

Certain standatds, however, apply specif1ca11y to grain- handling
These include:

» NFPA B1B; Erevention
Fasilities Handling.

« NFPA 61C, Prevention
+ NFPA 61D, Prevention

of Fires and Explosions in Grain Elevators and

of Fire and Dust Explosioris in Feed Mills.
of Fire and Dust Explosions in the Milling of

Agricultural Commodities fdk Human Consumption.

L4

The content of these standards afe similar in some<ways and different

1n others according to the nature of the grain handling systems to which
they apply.
trate t® general contedt of these standari?"much of which has been the
"content of earlier sections of this module.

[SI

—es——  ACTIVITY 15: o~
(Circle True or False.) ” _
Only three standards apply to the design and gperation
of .grain handling facilities? :

False . 5

o True

\

An outline of NFPA 61B-1980 is provided in Appendix C to illus- .
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. ANSWERS TO ACTIVITIES
ACTIVITY 1
: . -
.2,
ACTIVITY 2
4,
ACTIVITY 3 ' ”
2.
ACTIVITY 4
D PR Y
2- bo . ’
ACTIVITY 5 ‘ v
20 * <

»

ACTIVITY 6 _ \ .
1. Ignition Sensitiviwy x Explosive Severity = Index of Explosibility

\_._‘/ P
2. C. Lo
37
<
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. ) IAcnvm7

1. a. , . ‘ . '
2. ao HOOdo
bo DUCt. . ?
¢c. Fan,
Tod. Cleaning or conditioning devices. %
- ] - ‘ 7
) ACTIVITY 8 .
1. a. " B \ < ’ é
2. "Dust-ignition-proof" s
ACTIYITY 9 ‘ ST
.3. . : -
ACTIVITY 10 '. ' . ~
2. . < .
ACTIVITY' 11 . N
4,

ACTIVITY 12 . N
‘l' 1. a. . - ' . )
2. a, Oxygen deficiency tést before entering.
b. At least one other persoﬁ should be close by.
c.~ The two or three should be linked with a safety line. ’ s

T —
s ACTIVITY 13 ’ . . R
- 1. a. Llevel 1: Equipment operator attention daily, weekly, monthly. ]
b. Llevel 2¢ Routine periodic scheduled inspection, -adjustment,
cleanipg, replacement of minor parts, and evaluation of operation.
c. Level 3: Routine partial disassembly, inspection of and
. replacement of disassembled defective parts and parts predictéd to
fail before th€ next schedule level 3 inspection.
d. tevel'4: Major equipment service or rebuild. :
2 d. ‘ ‘ -
[ ( rd a !
o . '




-
ACTIVITY 14 , )
1. d. ' .
* 2. a. Local exhaust. ventilation. " >
. b. Process equipment changes. ’ -
c. Automation.
. d. Dust filter masks. .
ACTIVITY 15 o
False. ) ' » .
= : ' '
[ — o
/
| -
L 4 ‘ « , -
39 )
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- APPENDI}( A

*Not referenced

**Standard Pittsburgh Cqal - 3P percent voltatiles
Note: It may.be useful to keep jp mind that the typical static discharge
" from an 1nd1vidua1 s hand to a door know after cross1ng certain rugs 1:

approximately 25 millijoules.

.

o . SOME AGRICULTURAL DUSTS AND.THEIR MINIMUM EXPLOSIVE CONCENTRATIONS .
¢ " IGNITION TEMPERATURES, AND IGNITION ENERGIES. ' _ -
Minimum Minimum Ignition Minimum
Explosive Temperature Ignition
. Concentration in °C (°F) Energy in
Dust in oxX/cu ft Cloud/Layer millijoules (mJ)
Cinnamon 0.060 440%824 1R230(446) .30
) Corn 0.055 400(752)/250(482) 40
Cornflaur * 400(752)/ * *
Cornstarch 0.040 410(770)/350(662) 40
Grain (mixeg) 0.055 430(806)/230(446) 5. OB
Sugar - \/0.0&5 370(698)/400(752) 30 ’
Rye flour . 435(815)/ * *
Wheat = - 0.086 ~ 4 430(806)/290(554) 43
Wheat flour 0.050 380(716)/360(680) 50 ,
‘ Wheatstarch 0.04 430(806)/ * 5 T
' + | Coal dust** 0.055 610(1130)/170(338) 60 g
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» MAXIMUM EXPLOSIVE, PRESSURE AND RATE OF o -
_ PRESSURE RISE FOR SOME AGRICULTURAL DUSTS.
) o “ Maximum Exposure, "% Maximum Rate )
|- - : o Presgure a‘ Pressure, « . .
= Dust : ps - se psi/sec ¢
< e ———— - ﬂ .
: Cinnamon - ~ . \\121 : P 3909
Corn « g B O & v 6000 .
Cornstarch 145 . 9500 i <o,
- Grain, (‘mxed) 131 ’ 7000 . -
o Sugar. o Coe 109 , 5000 .
: F ‘ . I, o . .
. J Wheat . , 103 . - - 3600 [ ¢ -
n" i \ ~. T e “ ° - 1' ” St pe R . .' . . -
Yy ' Wheatflour - ‘ 95 S o .. 3700 : ’ . §
"| Wheatstarch _ 100 650 - . o .7 o
Coa1 dust* " 90 (" 2300 L ?
' *Standard Pittsburgh Coal - 37 percent volatiles . ] ' ) '
Note: Maximum exp1osdNe pressure is actually reached in a fraction of a . ‘
" second. The rate Of pressure rise indicates~the ratWfkt which the ™
buildup occurs, multiplied as if an entire second wa requu for r— ,
maximum exg}pg,ive pressure to be reached. . Y, <
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Ignition Sensitivity "o

. -
(Ign. Temp. x Min. Energy x Min. Conc.) Pgﬁ.~Coa1!5ust [1]
(Tgn. Temp. x Min. Enerdy x Min. Conc.) Sample Dust
Eiblosion Severity = - '
(Max. Rate of Pressure Rise)(Max. Explosive Presswe) Sammei’; [2]
(Max. Rate of Pressure Rise)eMax. Explosive Pressure) Coal
Y
- Explosibility Index = ‘
(Ignition Sensitivity) x (Explosion Severity) (3]
X . .t . ‘ o, T
Example calculations for mixed grain pustf '
: ' x (
Ignition Sensitiyitx = ) .,
(610°C x 0.06J x 0,055 oz/cu ft) Pgh. Coal Dust s ' p4q-
- (430 C x 0.03d x 0.055 oz/cu ft) Grain Dust, Mixed )
. 2,013 . . o
o | 0.7055 = 2:8 .
’ ‘J / 3 .' - ) /\
L Explosive Severity = C
(115 psig x 5, 500 psi/sec. ) Grain Dust, Mixed _ [5]
(83 ps1gpx 2§GU’psi]§ec ) Pgh. Coal Dust . :
C o LS sws0 M
‘ : " 190, X .
\
Ignition Sensitivity.x Explosive Severity, = Index of Explosibility
. . » Grain Dust, Mixed 2.8 x 3.3 = 9,2 [6]
) ; i - . b % . ‘\/\/ .
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There are some reasonab1e <autions that must be recﬁfﬁazed in the use
of the explosibility index figures. The explosib111ty index is based on
laboratory observations using dusts that have béen screened to produce a

a relatively uniform partic]_g, size (less than 74 microns) and concentration
- (0.50 oz per cu ft) for test purposes~and comparisons ~Different methods of
preparation, treatment, differing ages of the grain and other variables ‘lead
to d1fferences*rom one grain dust. sample $o0 another, Thé’efore explosi-
bthy data may vary from test to test to a small degree and the character-
1st?'cs of dusts found in _various gr}ain processing units may vary to some
degree from those used to set up this index. That ts they may be slightly
less explosive, for exaﬁble,.if 1arger particle sizes are involved, or more
explosive due to less mqjsture. For this reason, pubhshed data s often
expressed in terms af max'imum values obsérved over many tests.
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, : APPENDIX % n
— ~ .
NFPA 61B- 198/0 STANDARD FOR THE PREVENLION OF FIRES AND EXPLOSIONS IN GRAIN
~ ELEVATORS .AND FACILITIES HANDLING BULK RAW AGRICULTURAL
. COMMODITIES o

f 4

Chaptér 1 - Genera)

' _1-1 Scope -
1-2 Purpose

Ghapter 2 - Constructiion Requirements . .

- ‘C\ 2-1° General™ , - .'w%%,“ ) -
’ 2-2° Interior Surfaces , - ggf}ﬁ}.i;*@' - : . ..
. Zy{ Ha;l/ior)strhction S " o ”.
2-4 Rogf Construction A o - )
- 2-5 Bins and Tanks R v e -t ]
. *2-6 Lmairs, E1evators an¢ Map]ifts :
2-7 Marine ToweTs s - \' . . ..
“' Chapter 3 - Ventilation, Venting 3an& Aeratﬂ:&\ S T o
- ﬂ . 3-1 General . . ) ;:; { e o S -
3-2 Venting of’ Bins ‘and Tqanksl”‘i i ¥ ¢ ‘ ‘ -
- Chapter 4 - Explosidns Relief and Venting i B |
_4-1 Scope - AL . ) ¢
" 4-2 Requirement.sj for Enclo/sur'eéh B v ~ /\ S
4.3 RequiremeBnts forEquiprent z J - S ‘: )
Chapter 5 - Eqeipment ¥ ’ '
,5-1 Elevator Legs ) . . ‘ ) L {
5-2 Processing Maclinery » e ‘ )
5.3 Clutches, and- ;St Drives ' ,
5-4 Screw Conveyors and En Masse-Type Conveyors S .
55 Bearings - _ o : ) .o
~ 5-6_spouts ami Throw_of Grain . - Co L~
;—‘Eﬁm- Grain Dryers . Y . ‘ X ‘
* 6-1 General " * SN ' .
] ) . v ’ ' ‘
. 6-2 Locatfon‘ N ¢
. . R " ’
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8-2
/ -
593‘

>

.

6-3
6-4
6-5

.o~

¢

Const;yction‘

"Air Heating Systems

Safety Conf‘oﬁs

6- 6v Dryer Operat'lon

Ll

Fire Protection

Chapter' 7 - ‘Heated Devices and Processes
7-1% Heat Ttansfer Systems‘

7-2 Comfort Heating

v

Chapter & - Dust Control

8-1

Removal of Static :Dust

-2 Dust. Collection’

Dust Collection Systems

Chapter. 9 - Fire Protection
'9-1
9-2

Chapter 10 - Fumigation

Definitions b

10¢1
10-2,
10-3

10-4 .

10-5
10-6
10-7.
10-8
1029

Portab1e F1re Extinguishers
Standpipe and Hose

» ~

Regulatory 'Usage
Toxicity s

-\Retroact'lvi{
Fumigqtiqj/b Storage Spaces

Figure and Explosion Protection

Post Fumigation Procedures ' -
Fumigatiog of Commodities in Storage
Re=Entry . o«

10-10_ Storage
10-11 Transportatton Containers”
Chapter 11 - Supplemental Requiremehts

11-1
11-2
11-3
11-4.

11-5.

Electrical Wiring and Equipment
Cutting .and Welding
Powder Actuated Tools
Static Electricity
Protection Against Sparks.

“n
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11-6 Engine and
11-7 Smoking

11-8 Storagé of Oils and Greases

—

Motor Driven Equipment .

I3

.« 11-9 Miscellaneous Storage

3A6pendix‘A-E
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