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FOREWORD 

This report was prepared by Arthur D. Little, Inc. Cambridge, MA 

under USBM Contract Number J0166059. The contract was initiated unuer 

the Coal Mine Health and Safety Program. It was administered under th£, 

technical direction of PM&SRC with Mr. Roger L. King acting as the 

Technical Project Officer. Mr. F. Naughton was the contract adminis­

trator for the Bureau of Mines. 

This report is a summary of the work recently completed as part 

of this contract during the period June 17, 1976 to March 15, 1977. 

fhis report was submitted by the authors on October 15, 1977. 

Arthur D. Little, Inc. wishes to acknowledge the cooperation ot 

and the information provided by the many coal preparation plant oper­

ators who graciously allowed the contractor representatives to visit 

their plants. In addition, Arthur D. Little, Inc. wishes to thank 

the d�signers of coal preparation plants, representatives of insurance 

companies, manufacturers of electrical equipment and MESA inspect,Jrs 

who freely shared their individual interpretations of the codes with 

us, and whose names must be kept anonymous by prior agreement. 
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1. 1 BACKGROUND 

1. INTRODUCTION 

Surface installations which handle coal, including coal preparat Lon 

and cleaning plants, involve many unit operations. Typically, the mined 

coal is conveyed to the plant, crushed to an appropriate size, screened, 

concentrated by separating it from impurities, dried and transported or 

stored in preparation for shipment. Typically, lignite is conv�yeJ im­

mediately after the screening operations while anthracite and bituminous 

coals are processed further. 

The nature of the unit operations involved in coal preparation is 

such that some are conducted under "wet 11 conditions while others are car­

ried out with dry or slightly moistened coal. The latter conditions are 

conducive to coal dust generation. In addition, certain operations 

(such as storage and crushing) may result in the release and accumulation 

of methane gas. Under specific conditions, suspended coal dust and methane 

gas, if ignited, can result in damaging explosions. Furthermore, the ac­

cumulation of coal dust on hot surfaces may result in autoignition and 

(lre. 

The inescapable presence of coal dust and the potential presence of 

methane in certain locatiuns of coal preparation plants demand care in 

the selection and use of electrical equipment. Federal Regulations (30 

CFR 77.516) require that all wiring and electrical equipment used in coal 

preparation plants meet certain National El@ctrical Code (NEC) require­

ments. NEC classifies hazardous industrial locations into three major 

categories depending on the presence or potential for release of tlammable 

concentrations of vapors, gases or dusts under normal and abnormal opr·r­

ating conditions. Unfortunately, neither the National Electrical Code nor 

the Federal Regulations provide adequate guidance for interpreting the code 

as it applies to coal preparation plant'.,. The definitions for Class I and 

II locations and the acceptable methods for downgrading a classification 

are subject to personal interpretation. This has resulted in conflicting 

views among MESA inspectors, operators of coal preparation plants �nd de­

signers of these facilities. 
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In its concern for the establishment of uniform interpretations of 

the National Electrical Code in coal preparation plants, the Bureau of 

Mines issued a contract to Arthur D. Little, Inc. to conduct an analysis 

of current practices and to recommend guidelines that may be used by all 

concerned in the selection and use of electrical equipment in coal pre­

paration plants. 

1. 2 OBJECTIVES 

The main purpose of this program was to provide MESA Lnspectors as 

well 2s operators and designers with recommended guidelines for inter­

preting the National Electrical Code as it relates to th� classification 

of hazardous areas in c0al preparation plants. Where possible, it was 

desired to quantify the guidelines and to recommend al t<'.rndtive solutions 

for downgrading the classifications of hazardnus areas. 

1. 3 APPROACH 

To achieve these objectives, Arthur D. Little, Inc. surveyed 

selected bituminous, anthracite and lignite coal preparation plants in 

Pennsylvania, West Virginia, North Dakota, Colorado, Montana, and Wyoming 

and interviewed representatives of coal preparation plant operators and 

designers and a number of MESA inspectors. The National Electrical Code 

was discussed with members of the NFPA committee that prepared the code 

and who also happened to represent a major insurance agency. Manufacturers 

of electrical equipment used in coal preparation plants were also contacted. 

Data provided by MESA on fire and explosion accidents in coal prepar­

ation plants were examined. The requirements of the pertinent Federal 

Regulations, National Electrical Code, National Electrical Manufacturers 

Association and Underwriters' Laboratories were compared and evaluated. 

This report consists of two parts. Part T: "Analysis and Review" pro­

vides ;i summary of our findings. Part II: "Recormnended Guidelines" con­

sists of recorrunended uniform guidelines that may be used for interpreting 

the National Electrical Code as it applies to the classification of hazar­

dous areas in coal preparation plants. 
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2. TECHNICAL DISCUSSION 

2.1 COAL PREPARATION OPERATIONS 

Coal preparation plants involve several unit operations which utilizi· 

electrical components and are thus subject to the provisions of the Nation-· 

al Electrical Code. In this section, an attempt is made at categod ::ing 

the unit operations generally found at coal preparation plants and iden-­

tifying the types of electrical equipment associated with these operations. 

2 .1.1 Storage_ 

The storage of raw or finished coal in preparRtion for processing or 

shipment is an important step in coal preparation plants. 

coal is often stored by piling it in open spaces of land. 

Raw or finished 

This is the most 

common method of building up a supply for high-speed unit train loading. 

ThE· most popular form of open storage is a conical pile fed by an overhead 

belt conveyor, situated over an underground reclaim tunnel. 

The unventilated tunnels beneath open coal storage have been known Lo 

accumulate relatively high methane concentrations as well as coal dust. 

Electric motors, switches, wiring and electrical lights are used within 

these tunnels and near their exits. Generally, tunnels are provided with 

forced ventilation. 

As with open storage, silos are usually designed to hold a minimum of 

one-half the capacity of the unit train. Storage in silos requires less 

ground space, reduces the effect of wind in blowing coal dust, and protects 

the coal from rain and snow. In some locations, silos eliminate stream 

pollution by solids or acid. 

During storage, coal releases methane slowly. The rate of release 

of methane increases if coal begins to self-heat. Under certain condi­

tions, the gas may accumulate to explosive concentrations in silos and 

conveyor tunn�ls unless adequate ventilation js supplied. In some sil,i 

desiens thc,re are electrlc:31 motors on top or underneath thr silo for 
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driving conveyor belts. Electrical devices are sometimes used within a 

silo for measuring the level of coal. 

To obtain a more uniform raw coal feed rate, a dumping or surge bin 

is sometimes used. Because raw coal is generally relatively dry, th� 

operation may be dusty and electrical motors and other components re-­

quired to operate the load-out gates and drive the conveyor belt under 

these bins may be expused Lo high concentrations of coal dust. 

2.1.2 Crushing and Breaking 

There are two main reasons for crushing coal: to reducE· raw coa I to a 

size suitable for the plant cleaning processes, and to get the large lumps 

of finished coal to marketable sizes (e. g ., stoker or pea). The principle 

of crushing is to apply mechanical energy by impact or compression to a 

point where the coal will break or shear. Single and double rollero, hanuner­

mills, and ring crushers are examples of commonly used crushers . 

Rotary breakers are machines that not only reduce the size of the coal, 

but also separate rock from the coal. Rotary breakers cons ist or a rotating 

drum made up of perforated plates. The drum picks up the coal and a]lows 

it to drop to the bottom. The gravitational force breaks the coal which 

passes through the plates. Refuse which does not break from the fall ron­

tinues through the breaker to a rejects area. 

The nature of coal cruRhing and breaking operations is such that thPy 

are conducive to dust generation within and near the equipment. Furth�r­

more, certain coals may produce methane upon breaking. On the other hand, 

electrical motors and associated controls are usually placed outside the 

crusher and, thus, are not ex-posed to methane. Furthermore, many crushing 

operations are conducted with 1arge quantities of water sprays which mini­

miz� the dust problem. 

2 . 1. 3 Screening 

Sizing operations are conducted to separate raw coal into various 

sizes for marketing, feed various types of coal washing units, recover the 
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solids used to control the specific gravity in washing operations and to 

recover fines in the original feed and those produced during the processing 

operations. 

Screening is accomplished using either vibrating or shaking equipmenr. 

Coal is passed over a screen which may be in a variety of designs, e.g. , 

circular punched plates, wire rod screens or rubber-clad perforated plates. 

The screen is either in a horizontal position or inclined . Although ther(· 

are still many applications where shaker screens are used, they have re­

cently lost ground to vibrating screens. The amount of dust generated can 

be heavy in dry screening processes and is usually negligible in wet 

screening operations. Screening units are usually non-enclosed operations 

and dust that is created by the units can easily reach the drive motors. 

2. 1. 4 Washing 

The purpose of washing coal is to separate the waste from the raw in­

put and to obtain desired levels of ash content. Obviously, washing op­

erations are limited to plants where temperatures are not allowed to fall 

below freezing. 

Washing processes include dense-medium separation, hydraulic separ­

ation and froth flotation. Dense-medium separation is a process whe1:L: the 

run-of-the-mine coal is placed in a fluid having a density which is between 

that of coal and the waste. Hydraulic concentrating devices depend on the 

differences among physical characteristics (e. g. , size, shape, density) of 

coal particles and waste material. These devices include .1 i�s, J aunders. 

and water tables. Flotation depends on fine coal particles adhering to air 

bubbles rising to the surface while the waste material settles to the 

bottom of the tank. The fines would then be skimmed off the top of the 

liquid surface. Because of the large amounts of water used in washing 

operations, there is essentially no coal dust generated by these processes. 

On the other hand, the splashing of the water coal suspension outside 

washing equipment results in the accumulation of a layer of caked coal 

dust. When dry, this caked layer may contribute to the overheating of 

electrical equipment and the propagation of fires. 
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2 . 1 . 5  Dry Concent ration 

Dry concentration is a process which uses air as a separating  medium 

instead of water. Pneumatic j igs, tables and launders are used to effect 

th1.' separation. The use o f  the latter two devices has declined, and L uday 

the maj ority o f  dry concentration is achieved with  air j igs. Because the 

operation is dry , there is a po tential of  a very dus ty atmosphere near all 

equipment .  Mos t equipment have air-tight , hooded exhaus t systems. Prob · 

lems with dust can occur either upon failure of the �xhaust equipment or 

from leaks within the sy s t�m. 

2 . 1. 6 Drying 

After passing through the washing operations , coal has a hi�h rnoi� t ur� 

content. This is undesirable because mois t ure reduces the heating value 

o f  coal, and increases shipping cos ts and the difficulty with which the 

product is handled. 

The method used t o  dewater coal depends upon the coal size. The typ 1 ·s  

of dewatering processes include screening ,  centri fuging, vacuum f iltrat , on 

and thermal drying. The amount of dust generated by t hese operations de­

pends upon the partic le size and moisture content of the final p rodu c t. 

Thermal drying sys tems handle dry, fine coal dus t and can crea te hazardous 

dus t levels in the in:rrnediate and surrounding areas if leaks deve lop in the 

svstem. 

2 . 2  ELECTRICAL HAZARDS AND CONTROL METHODS 

2 . 2 . 1  Fire and Explosion Hazards 

Methane is released whenever coal is broken or stored, albeit in 

varying amounts depending on the type o f  coal, the volume of coal involved , 

and t he length o f  timl' it has  been exposed to air. Accumul atiun o f  

me thane gas in amounts suff icient  to be explosive i s  most l i kely to occur 

whe re roal i s  s tored fo r extended perivds o f  time , as in s il os or associa­

ted c onveyor tunnels, or where coa l  is crus hed. The potent ial Ear accu­

mulation is heightened if these locations were enc losed withou t  adequate  

ven t i l a t ion. 
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Ai rbo rne coa l  dust , i f  p resen t at concen trat ions above  the  min imum 

explos ible l imi t c� . 0 5 5  g/ l iter )  may be i gn ited  by open f lames , s pa rks 

ha vin g a minimum ign i t ion energy o f  60  millij o ul es , or ho t su r faces 

h a ving a tempe ratu re o f  610 ° C . 

While the concen t ration o f  ai rborn c oal dust  i s  impo r t an t  i n  e va l u­

a t ing po ten t ia l  explos ion haz a rd s , of  eq ual impo r tanc e is  the  amou n t  o f  

dust acc umula t ion o n  surfaces wi thin a building . Dus t , i f  allowed to 

a ccumula te , can c reat e f ire and/or explos ion hazards in  a b ui ld ing  which  

no rm a l ly migh t  be  cons idered  "clean " in  terms o f  airbo rne d ust , Laye red 

c o a l  d ust becomes a h a z ard under the  following co ndit ions : 

1 .  When in  close  p roximi t y  t o  arc  wel d ing  o p e ra t io n s  whe re  s p arks 

can cre a te f i res , 

2. When vi b r a t ion or  s u dden st ructural sho ck can sh ake d ust l oose 

f rom s u r f aces in heavy concent r a t ions c lose to i gn i t i. un so u rces , 

3 . When l a yers  become s u f f i c ient l y  thick t o  imp air hea t d i s s ip a t ion 

in  hea t -p roduc ing equipment to the ex ten t tha t  t he d us t  l aye r 

au to igni t ion t emperature o f  y 1 70 ° C  i s  ex cee ded , and 

4 .  When co al dust mixed wi th g rease and mois t ure  bec omes � u f f i c ien tly 

c ondu c tive to s ho rt out high vol t age elect r i cal  le ad s . 

It i s  impor tan t to no t e  tha t laye red dust can be t he s ource o f  a 

s e condary ex p l o sion and f i re following � primary exp lo s ion . The shock  

n f  the in i t ial explo s ion can shake laye red dust loose  and  t he resul t  

may  be a second explos io n  equal t o  o r  grea l er i n  magn i tude than the 

init i a l  expl osion . 

2. 2 . 2  Cuntrol Metho d s  

The po t en tial ha zards  c rea ted  b y  methane, airborne coa l d us t , and 

l ayered coal dust can be reduced  by employ ing one or a combinat ion o f 

the f o l lowin g  con t rol methods : 

• ven t i l ation and pu rg ing 

• add ition o f wa ter 

• ho us ekeeping 

* NFPA , " Fire  P r o tec t ion Handbook " ,  14 th Ed i t ion , Na tional  Fire 
P ro tec t io n Associ ation , Bo s ton , Mass. ( 1 9 7 6 ) . 
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• main t enance and repair  

• removal o f  electrical  equipment from the hazard source  

• iner ting 

Each of these me thods c an help to  reduc e  the  hazards  a l though none 

can elimina t e  all of the hazard s  comp le tely. 

2 . 2 . 2 . 1  Ven tilat ion and P urginp.: 

Probably the mos t  e f fec t ive me t hod for redu c in g  poten t ial high 

me thane c oncent ra tions  i s  tu p rovide su f f ic ie n t  vent i l ation to  an enc lo-

s ure at a ra t e  of severa l a i r  changes per hour . Rel iance on n a t u r a l  

venti l ation t o  remove me thane and resp i rable c o a l  d u s t  i n  such a reas ap­

pea rs to be  a common p ract ice o f  many c oa l  prepa r a t ion plant s .  Howeve r ,  

variable we athe r c ond i t ions (wind speed and di rection , p rec ipi t a t i on )  can  

cause wide va r ia tions in the e f f� c t ivene s s  of  n a t u ral ven t i la t ion. �he 

in t roducLion of  e i the r fu rced ur ind uc ed ven t ila t ion sy� tem s  in coal 

p re par3 L lon b uild in gs anJ  other  key loc a t ions ( e . g . , tunnel s ,  s i los ) 

::_:; rea tl�, reduc':'.s the p0 te!1ti r1l for me t hane accumula tion. 

Purg ing o f  con t rol rooms and enc losures o f  e le c t rical power equipment 

which do no t gene rate  heat  involves the p ressuri z a t ion o f  these  enc losures 

wi th f resh  a i r  to preven t the inf i l tr ation of d us t and me thane . NFPA No. 

4 9 6  "Purged and Pres s u r i ze d  Enclosures for  Ele c t rical  Equ ipmen t in Hazar­

dous  Loca t ions " p rovides guideline s rela ting t o  p urging and venti l a t i on .  

2 . 2 . 2 . 2  Add i t ion o f  Wa t e r  

The imp a c t  o f  w a t e r  add i t ion to c o a l  d u ring p rocessing  o n  t h e  leve ls 

of a i rborne and layer dust  is s ub s t an t i a l . I t  may be pos s ible to e s t ab l i s h  

t h ree levels of ex t e rnal mois t u re ac cord in g  to i t s  appa rent e f fe c t  on ai r­

b orne d us t  levels . Thes e  levels a re : 

• D ry : Only inheren t mois ture is p resen t. No wat e r  is  added 

during mining or prepara t ion . Operations involving dry  

coal a re expec t ed to be very d us t y. 

• Mois t : Water is  present as  inherent mo is t u re p l u s  su r face  WRt e r  

p rovided by a spray during mining and /or o n  t he r aw Loal 
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• Wet : 

c onveyo i:-. Dus t  may be  genera t ed during oper a t ions han- ·  

dling moi s t  �oal depending on t he ra t io o f  w a t e r  to coal 

and the e f f ec t ivene s s  o f  the wa ter  sp ray system. 

Large q uan t i ties  o f  water are added through d el uge  s pray� 

to t he coal as it  en ters the plunt and dur ing the crus h­

ing operatio n , to form slu r r i e s  fo r convey ing , wabhing 

and flo t a t ion sep aration .  Typically , little or no dust  

is  genera ted during the se  operat ions. 

It is extremely d i f ficul t to a s sign q uant i t a t ive value s to these 

mo is ture levels s ince the q uanl ity o f  wa ter added to t he coal  is  no t a 

s u f f icien t indica t ion o f  the "dus t ines s "  o f  the proce s s .  Ob se rva t io ns 

made du ring vis i t s  conduc ted a s  p a r t  o f  this  p ro gram showed tha t  du s t iness 

was highly  depende n t  on where and how the wat e r  was applied . Typ ically 

howeve r ,  it was observed tha t i f  less t han 1 0  gallons u f  wa t e r  we re added 

for  every ton o f  raw coal at  the crushe r , the p roce ss  wa s rela t ively 

dust v .  On  the o the r ex t reme , when a high  rate  of  75  gallo n s  of  wa ter was 

used per ton of raw coal at the same lo ca tion ,  the opera t ions t ended to 

be dus t free , Be tween th� se two wa ter  appl ica t io n  rates d us t ine ss was 

depende n t  on the e f f ec tivene s s  and locat ion and d i stribu t io n  of the sp ray 

no z z les .  

A secondary i ssue encoun t�red  in plants  u ti ing wate r in t he proce ss 

i s  che p roblem u f  wa t e r  spillage. The wa ter-coal slurry subsequently dries 

le aving a res idue o f  coal du st which , as  ind ica ted e a r lier , could cause 

overhe a t ing o f  ele c t rical equipmen t  and contribu te to surface f i res. 

2 . 2 . 2 . 3 Housekeeping 

Ho u se keep ing plays a maj o r  role in reducing the hazard  po tent ial 

as  i t  rela tes  to dust. Without  �xcep L lon , among t he plants vi si ted , tho se 

which � hoed leas te accumul a t ions o f  dust  and pro ce ss residue were c hose  

which  we re cle aned regularly ( e ithe r o nce per  shift  o r  o nce per  d ay ) .  

I n  these ins t ance s ,  ho uso2keep ing included daily washdown o f  all levels 

in the plant  and monthly cleaning of all floo r and equipmen t sur [ uces  to  

remove dus t accumula tions .  
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2. 2.2. 4 Maintenance and Repair 

Maintenance and repair of electrical equipment is particularly impor­

tant within preparation plants to ensure that equipment is in prop1 · r  wor­

king condition. Failure of improperly maintained electrical equipment 

can occur rapidly causing arcing or sparking which, under the prop� r  con­

ditions , can result in a Eire or explosion. Incipien t failures can exist 

for extended periods of time without being recognized. However, i f  con­

ditions change (as when a switch is called upon to operate , a motor bearing 

seizes, or a loose light bulb is jarred) the failure may becoml.! "acti ve" 

causing an explosion or fire. While a maintenance program will not pre­

vent Jll accidents, many potential failures can be det�cted early and 

faulty equipment removed from service and repaired be fore an accident 

occurs. 

2.2.2. 5 Removal o f  Electrical Equipment from the Hazard Source 

An obvious solution for the prevention of methane ignition by elec­

trical equipment is the placement of potential ignition sources at a lo­

cation which is some distance away from the point expected to attain maxi­

mum methane concentrations. However , (ur economic and human engineering 

reasons, conveyor belt motor drives , switch�s and othe r electrical device� 

a re o ften placed at a cuuvenient location adjacent to the point whe re 

methane and coa l dust may be present. A p roblem arises then in dete r­

::1ining when a location adjacent to an  ar ea C " lassi fied by N F. C  as  haza rd­

ous Class I, Division l becoi : :es classi fied as Class I, Divis ion J .  

NFPA 497  "Recommended Practice for Classification o t Class I Hazard 

Locations for Electric.al Installations in Chemical Plants" provides some 

guidance in determining safe separation distances from vents on the roofs 

of buildings handling gaseous hydrogen and from compressors handling lighter­

than-air flammable gases  within an adequately ventilated building (sP e  

Figure 2 . 1 ) .  In both cases, the NFPA Standard recommends that areas within 

15 ft from the vent nf  the building be  classified as Class I, Divisiun 2. 

The Standards do not provide scientific evidence to sup port this distance 

neither do they necessarily apply to the methane problem in coal prepar­

ation plants, particularly for the tops of  silos. 
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We have calculated the safe separation distances from the top 

of  a sil o whe re coal is  being dumped at a given rate. For details of the 

the �alculation procedure see Appendix D. The calculation was made 

ass uming that the methane concentration in the silo is 5 ,  10 and 15%  

( by volume) . Dispersion theory was utilized to calculate the distance 

at which methane concentration drops to lf under the worst weather 

condition (moderately stable , wind at 2 meters / sec) . The ra te  at 

which the methane/air mixture was emitted from the top of  the silo wan 

determined from the volumetric rate at which l uw-density coal wa s being 

dumped into the silo. The results of these  cal culations are  surnmarizL.:d  

in Figu re D.2 (see Appendix D) and Table 2.1 below. 

The results show that depending on the assumed methane concentra­

tion in the silo , the NFPA code may be too conservative or it may 

und erestimate the hazard for high coal rates. It is re conunended t hat 

Fi gu re D .2  be used for determining safe separation distances between 

electricdl equipment and the nearest edge of the silo opening. 

2. 2. 2. 6 Ine rting 

Another approach to the prevention of explosions and fires from 

electrical equipment is to inert the potential ignition source with d 

gas eous inerting agent such as CO
2, N2 or SF6 . Obvious ly, such an  

approach requires eithe r the a b s ence of  leaks in the system or  th� 

continuous flow of the inerting agent , both of which are costly . 

2.J APPL I CABLE STANDARDS FO R  ELECTRICAL EQUIPMENT 

In this section w� review some of the applicable Fede ral and 

concensus standards that gove rn the selection and use of electrical 

equipment and components in coal preparation plants . 

2 . J.l Fede ral Regulations 

Title JO, Chapter I, Part 77 of  the Code o f  Fede ral Regulations 

1 1  
• aeta forth mandatory safety s tandards for bitwninous , 

anthracite , and lignite surface coal rrrines , including open pit 
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TABLE 2 . 1  

Calculat ed  S a Ee Sep a rat ion  Distances f rom Gassy Sil o s  

Me thane Concen t ra t ion (volume %)  

Coal Flow Rate (tph)  5%  10%  1 5 %  

1 00 2 . 4  f t  4 .  7 f t  6 . 6  E t  

J OO 5 . 4 1 0 . 0  1 3  . J  

1000  1 0 . 8  2 0 . 3  2 7 . 9  

3 00 0  2 1 . 3 3 9 . 4  53 . 1  

10000  4 3 . 6  8 1 . J  1 1 4  . 1 

NFPA No . 4 9 7  re commend ed value  ·- 1 5  ft . 
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and a.ugeJt nu.ne..o , and :t.o :t.he. .6 Ult 6a.c.e. wo.Jtk. aJte.a..o o 6 unde 'Lg.Jtou.nd c.oai. 
nu.ne.� , pWtAua.M :t.o u.c.,t<.on 1 0 1  ( .i. )  o 6 the. Fe.deJtai. Coal. Mine He.a,Wi 
an.d Sa6ety Ac.;t o 6 7 969 . 1 1  

Part 77 is s ubdivided into  2 1  subparts deal ing with various asperts 

of surface coal mines and work areas including custom coal preparation 

facili ties (Subpart C) and electrical equipment (Subpart F ) .  For th� pur­

poses o f  this  program, Subparts C and F contain the pertinent Federal Re­

gulations. Within these two subpar ts, several paragraphs were considered 

c ritical to the issues bein g addressed and deserve recognition. The firs t 

reference to methane and coal dust is contained in Subpart C beginning 

at :: 77. 200. 

AU mine. .o:Owctwr.u , e.ncl.o 6 UJz.e 6 , oJz. a.the. 'r. 6aw..,.i.;t)_u ( incl.ucunq c.UJ.i -

tom c.oai. pttepan.a.u.o n )  l.i hill bC' main;ta,i.ne.d in good tte.pabt to ptte.ve.M 
a.c.c.ide.nu and inju.ttiu :tc eJnp.loye.u . 

§ 7 7  . 2 0 1 Methane. co Me.M in .o UJz. 6 a.c.e. in1.i :ta.Ua.tio n1.i 

The. methane. c.oMe.M in the. oJ.A 0 6  any J.:itltuc.:tt.Vl.e. ,  e.ncl.01.i uJte. oJt. 0th.Vt 
6aw J.y .6 hall be. lu1.i :than. 1 . 0 volume. peJt c.e.Mum . 

§ 7 7 .  2 0 7 - 1  Tut.6 601t methane.; quaii 6-i..e.d peJt.o on;  UJ.i e. o 6 app.JtOv e.d 
de. vic.e. . 

Tuu 001t muha.ne. ..i.n 1.itttu.c.;twuu , e.nc.lr � u.Jtu ,  o.-: othe.JL 6a�e-6 , 
in whic.h c.oa.1. ,t1.i ha.ndle.d oil. .6.t.oJz.e.d .o hali. be. c.ondu.ue.d by a. qLJ.11.-U-
6ie.d pe!L6o n w.i.x.h a de.vic.e. a.pp1tove.d by :the. Se.c.1teta1ty a.:t .le.£Ui t onc.e. 
d Ulting e.a. c.h o r.>e >z.a.;t,i. n g .6 hi 6 t , and vron e.cua.:te..l y )'.)/t,l alt :to a.ny 1te.p a..iJt. 
wott/2 in wlii.c.h. we..lcung o.Jt a.n o pe.n 6.f..ame. ,t1.i UJ.i e.d,  o It a 1.i r.>a.Jt.12. ma c1 be. 
ptz.odu.c.c.d . 

§ 7 7  . 2 0 1 - 2 M e,tha.ne a.c.c.wn ul.a.:t<.o nJ.i c.h.a.ng e. in v e.nW.a.tio n 

I 6 , o.;t. a1Ltj :U.me. , ;the. aAA in a ntf 1.:. tttuc.;tu;r.e. , e.n cl.o.6 u.Jte. c• 'L o :t.h Vt 6 acJ...LJ:.y 
c.o n.ta.A.n..6 1 .  0 volume. r.>e.Jt c.e.n,twn otc. motz.e. 0 6  me.th.a.ne. c.hang u OIL ad{UJ.i.t.­
me.nu ..i.n .the. v e. nti.f.a;tfo n o 6 � uc. h .i.n I.:. ta.ll.o.:t..i.o n .6 ha.ll. be. made. o.;t u n, '. e. 
.o a  tha.:t the. a.ill. .6 ha1.1. c.o n.ta.in i e..o .6 tha. 1 . 0 vo .lu.me. r.>" 'l. c. e.n..t.wn o 6 
me.thane. . 

§ 7 7 . 2 0 2  Vlll.i t ac.c.umula.tion in 1.iwz. 6ac.e. in1.i.ta1.i.a..u.o n1.i . 

Coal dU.l.lt in .the. Mlt 0 6 ,  ult in ,  OIL on the. 1.i U1t 6ac.u 0 6 ,  1.:.t11.uc..t.W1.u , 
e.ncio.6utz.U , OIL othe.Jt 6a.u.Li..tiu � ho.11.  no.t. be. ali.owe.d :to e.x.,,i.,6 t  c•tz. 
ac.c.umula..te. .tn dang eJWUl, a.mou.nt.6 . 

:1 1  
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§ 7 7 .  2 1 1  VJt.aW- o 6 6 tu.nn.w ; .6toc.hpilA..ng a.nd 1te.c .la..im<.ng o pe.,'LJLt..io nJ.; ;  
g e.neJtal. . 

(a ) Tunne.l-6 .toc..a.ted be,low .6 toc.hpilM , .6W1g <? pile 6 ,  and c.oa..t .6:lo1t­
a.ge. 6il0.6 .6 hall be. ve.n.U1.a..t.e..d .60 £U :to ma.in.tcun c.onc.e.nbtcLU.o M  
0 6  me...tha.ne be,low 1 . 0  volwne.. pe.11... c.e.n-twn . 

r b ) 1 n a.dclUA..o n tC' th<' te..6 u 6011... me.thane. 11...e..q0.Ae..d by § 7 7 .  2 0 1 J.i uc.h 
.te.6-U l.l hall ilia be.. made be.. 601te. any e.ie.c.tluc. e.qLUpme..nt .u.:, � neA­
gize.d ott ttepa.ttie.d ,  w1.i.e..M e.qLUpme.n.t W-Lth a. c.on,ti.nuoLJ.6 me.thane. 
monA...totting de..vic.e. iM.tai.1.ed and opvr.a..ted in a.c.c.011...da.nc.e wi.,,th the. 
pttov-U:iioM O 6 § 7 7 .  2 1 1 - 1 .  E.f..e.WU..c. e..qu,i.pme.n:t 1.i haf.1. not be. e.ne.'1 ·· 
g i z e.d , op elta.:te..d , O It It<?.. pa.ifl.e.d LI..Y!.L<..i. ;the. o.J.. It c. o n..ta.i M .te.J.1 J.i .than 
1 • 0 volume. pelt c.e.ntwn o 6 me..tha.ne. . 

= 7 7 . 2 1 1 - 1  Co ntinuoUl.l me.;t.hane.. monA...toJU.ng de..vic.e. ;  iM.:tal.1...a.;uon and 
opeJt..a..:tio n ;  a.utoma..tic. de.e.ne..Jtgiza.:tion o f  e tec.tluc. e.qLUp­
me.n.t .  

Con,li.nuo Ul.l me.;t.hane mo nJ...tr ung de.vic.e..6 6 haf.1. b e  1.i e,t to de.e.neltgize autu ­
ma.tic.af.1.y e.lec.tluc. equipment when 1.i uc.h mo nA...toJt .u.:, not opVta.,t,i_ng ptto ­
pe..11...iy and to give. a wa.11...ning automatic.ally whe.n the c.onc.e.ntJuLtion 0 6  
me,tha.ne. tti!..ac.hv.i a ma.u.mwn pe..ttc.e.n.ta.g e de...tvunine.d b y  an authoJU.ze.d lte..­
pl!.e..6 e.n.tative. u 6 .the. Sec 'LC' taJr.y whic.h J.i hill no;t be. mOJz.e. than 1 • 0 volume. 
pelt c.e.ntwn o n  me.;t.hane..  An a.u.thoJU.z e.d 11...e..ptc:.e..J.i e..n..ta.tive. o 6 the. Se.c.tc:.e...ta/'. u 
.6 ha..ti.  tte.qU,LJz.e l.l uc.h mo�o11... to de.e.ne.1r..9ize. automa.tic.af.1.y e.le.wuc. e.q uip­
me.n.t whe.n the. c.onc.e..n.;tJutU.on o 6 me.thane. 11...e.a.c.he..1.i a maximum pe..Jtc.e.n.ta.ge. 
de...te. 'Unin.e.d by l.l u.c.h 11.e.ptc:.e..6 e.nta.tive. whic.h .6 hill not be. mol!..e. tha..n 2 .  0 
volume. pe..Jr. c e.n.twn o 6 me.:tha..ne. . 

§ 7 7 .  2 1 2  VJz..aW-o 6 6 tunnel ve.n.,tila.,ti_o n 6a.M ; i11..6.ta...Ua.tion 

W he..n 6 a.nl.l a.11... <?..  Ul.l e.d :to V e.n.til.£Lte. dJr..a.w- 0 6 6 twtnW , :t/u.' 0 a.nJ.; .6 h.aLe. b <?.. : 

{ a l I M.taii.e.d o n  the. 1.iwr.6 a.c.e.; 

I b l I nJ.;.taii.e.d in 6-Vte.fJJi.oo 6 hoMing.6 and c..onne c.te.d to the. tunnel 
o pe.ning .6 w.L:t.h 6il!..e.fJJi.o o 6 a.ill. du.cu ; and , 

[c.. )  O f...  6J;; e...t 61Wm .the. tunnel. ope.rung . 

The provisions of Subpart C are such that only methane content is 

defined in terms of a measurable quantity ; i. e. , methane content is to b� 

less than 1.0 volume per centum (1.0%) . This defined level is equivalent 

to about 20 percent of the lower explos ive limit (LEL) of metham,. 

Dust accumulation s have no simil ar explicit maximum level . In this 

case, the regu lat ions are vague , stating only that dust "shall not be 
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allowL· d to exis t  or ac cumula t e  in dangerous amuun ts. 1 1  The word "dange rous " 

is  not d e f ine d . 

E le c t rical eq uipmen t re gu lati ons are con ta ined in S ubpart F be ginn ing 

a t  paragraph 7 7 . 500 . Again , the s tand ards are vague with re gard  to es­

tilb lishing spe c i fic requiremen t s . 

F r om Sub p a r t  F -- Ele c t rical Equipment , General 

:i 7 7 . 5 0 2  ER.e.w.,i.c. e.qu..i..pme.n,t; QXamina.tion , te-6 .Ung , a nd ma.,tn,ie.nanc.e. .  

E.f..e.c.;tJuc. e.qu..i..pme.n,t 1.i hail. b e.  611.e.que.1iil.y e.x.am.i..ne.d ,  te..6.:te.d , and pltopeJtl.y 
ma.,tn..:ta.ine.d by  a quaL.l f..,i..e.d pell,6 0 n  .:to a..6J.iuJte. J.ia 6 e.  opvr.a.ting c.oncll:ti..o M . 
W h e.n a po .te.n-ti..o.lly dang eJw 11,6 c. o ncu;t.i, r n ,u.i 6 o u nd r• n e.i e.c.bu.c. e.q u..i..p­
me.n..:t , 1.i u c. h e. q u,i.pm e. n..:t 1.i ha.11. b e. 'I. e.m o v e. d 6 Ito m .o e.Jt v-i.c. e. un.tJ..1. l.i uc. h c. o n -
dl .. Lf rm A.A c.o 1t1te.c..te.d . A Jz.e.c.o 11.d o 6 1.i uc.h e. x am.i.. na...-ti.o Y1l, 1.i hail. b e. k e.p.t . 

� 7 7 . 5 0 2 - 1 Quai.A...6-<-e..d /Je. '1,� o n . 

A qwiV 5ie..d pe.Mon w.Jlt..w. .the. me.a.n.ing 0 6  :, 7 7 . 5 0 2  A.A an  incu..vidua.1. 
whu me.w .the. 1te.q LUJteme.nU o 6 � 7 7 . I O  3 .  

§ 7 7 .  5 0 2 - 2 Ele.c.;tJuc. e.qu,i..pmen,t; 6,te q ue.nc.y o 6 e.x.am.i..,1a.uo n and te..6-tA..ng . 

The. e.x..a.nu..Y1£1..WH !l  and te..6U Jz.e..�u,i..Jte.d UY1de.Jz. .the. p'1..0vA.A.i..on 0 6  .th.i..-6 
§ 7 7 . 5 0 2  1.i ho.Lt br c.ondu.cte.d at  le.Mt mon,thly . 

§ 7 7 . 5 0  3 Ue.c...:tJuc. c.ondu.c..:toM ; c..apa.c}.;ty and -<..M uia.uon .  

Ele.c. t.tuc. c.onciu.c...:to 'l..o 1.i ho.Lt b e.  1.i u6 Mue..nt .i..n 1.i.i.. z e.  an d have. ad(>.qua.:te 
c.uJUte.nt c.aJz.Jz.y.i..ng c.apauty and be. 0 6  .6 uc.h c.on�t!wc..uon .tha.:t a w e.  .i.n 
.te.mµe. 'ra;twz.e. Jz.e.J.i ul.:ung 6'1..0m no11..ma.l oµe.Jta;ti.o n w.i.11 .. no t damag e. .:the. in.-
1.i ula,.ting ma.:te -� . 

§ 7 7 . 5 0 3 - 1 Ete.w.,i.c.al.. c.onduc..:toM . 

Ef. e.c..t/z.ic. C.0 n duc;t UM li haU be. -!I LL 6 6.i_ ue.n..:t in l.i i Z e. to me. U the. minimum 
c.U/r/le.n,t c.aJUtying c..apa.c.,i_.ty pM v.i..ded 601t .i..n .the. Na.uonal. Ele.c..t!Uc.al. 
Co de. , 1 9 6 8 . AU. ;CJu:u.l<..ng c.able.J.i 1.i ha.ll..  me.u .:the. m.i..nimum 1te.q u.i..Jte.me.n.tl.i 
6011. amµa..c.J.;ty )'Yz..ovide.d in the. J.i...t..a.ndaAciJ.i o 6 .the. I Y1l, ui..a..te..d Powe.fl. Cable. 
Eng -i.n e..e.M A.o l.i o e,.ui.t,.i on -Na.u o nal. El e. c..t 'T ,i.c.al. Manu 6ac..:tuJz. c 'Lli A.o J.i o c..i..a.uo n 
in e. 6 6 e.c..:t when ouc.h c..abl� � a.Jz.e. pLLltc.ha.o e.d . 

§ 7 7 . 5 0 6  Ele.c..t/t.i..c. e.qu,i.pme.,1,t and c.i,tc.LU..U ; oveJ!i..oad and J.iholt.t-
U/tC..tu,te.d p,'l.o te.c..tio n . 

Au.toma.:t-i.c. wc..u.i...:t- b1te.aking de.uic.e.J.i o/t nU,6 e.J.i o 6 .the c.oMe.c.,t .type. and 
c.a pa..c . .  U:.y -0 hail. be. -<.M .taii..e..d -60 a.o :to µ1to .te.c..t ail. el.. e. c tJu... c. e..q u,i.pme.n.:t 
and wc.uiu aga.ilU.t .o holtt c--iAc.ud. and oveJli..oa.ru . 
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� 7 7 . 5 0 6 - 1 Ef.e.c.,t,uc. e.quipmen,t and C,,{Jtc_u.i.;tA ; o vV!l.oad and a ho)(;t-
�ui,t, p1tot.e.c uo n; nu.n,unu.m 1te.ql..lbte.me.n;l6 . 

Ve.v-i.c.e..6 p1tov-i.di.ng e,.Lthvz. .� ho)(;t CAAc.uJJ. pttot.e.c.,t,lo n and p!to.te.c..ti.o n  
agMn6.t o velll.oa.d J.i ha..te. c.o n 601tm :to .the. m.i..rumwn 1tequ h1.e.ment.J.i 6otr. piro · 
.te.Qtio n o 6 eJ..e� c»tc.U,,UJ.i and e.qr.upme.n-t o 6 the. Nah..onai. Ef.e.c;Uuc.a.l. 
Code. ,  1 96 8 . 

§ 7 7 .  5 1 6  E£.e.c;Uuc. w.uung and e.q uipme.YL.t; -i.n..6.tail.at.ion and ma-i.n-t�nanc.e. . 

1 n addi.tion to the. Jti> qLJ.A.Ae.me.nu o 6 § 7 7 .  5 0  3 and § 7 7 .  506 , ail. w�ng 
and eJ..e.c.:tJ1.,,i,c.ai e.quipme.YL.t -i.n..6tall.e.d a. o:tvz. June. 30 , 1 9 7 1 , J.ihail. me.e..t 
the. Jte.q u,,i,Jte.me.nn, o 6 :the. Na.;ti.o nai. ER..e. r. ,tJu,c.a.i. Co de. in e. 6 6 e. c..t a;t the. 
:tune. o 6 in6 ta..U.a..ti.o n . 

It  is significant to note that 30 CFR 77, Subpart F contains no spe�­

ific references to electric motors as it does t o  conductors ( �77 .503) , 

switches ( :; 77. 507), transformers ( §77.509) and other electrical equipment. 

In fact , the requiremen ts of 30 CFR 77 Subpart F are very broad and give 

little direction to the poten tial user (opera tor, MESA inspector, or p lan t 

designer) as to the "safety standards" purportedly set forth . 

However, as the preceeding excerpts indicate, 30 CFR 7 7 does est : tb lish, 

by specific inclus ion within the regulations , that the requirements of the 

Nat ional Electrical Code (NEC ) mus t  be me t for all wiring and electrical 

equipmen t ins tall a tions. Speci fically, in paragraphs 77 . 503-1 and 77.506-1, 

the regulations refer to the 1968 NEC , which was the Code in effect at the 

time JO CFR 77 was adopted . Paragraph 77. 5 16 provides the mechanism for 

updating the Federal requiremen ts as the NEC is revised. 

The s tatus of surface facilit ies which were in opera tion prior to  

the adoption of 30 CFR 77 is unclear in cases where no new ins tall at  ions 

or modifications are being made. However, where work is being per formed 

on electrical equipment or wiring in older (pre-1971) facilities, the regu­

lations clearly require conformity wi th the NEC in effect at the time of 

ins tallation. 

2.3. 2 National Electrical Code ( NEC) 

As discussed in Section 2. 3.1 above, the substance of the mandatury 

s a fety standards es tablished in 30 CFR 77 Subpart F is drawn direct ly from 
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the NEC. Coal handling operations can result in the release of methane 

gas and creation of coal dust . In Chapter S - Special Occupancies , the 

NEC has established standards for locations which involve hazardous con­

ditions . For the purposes of this program , the classi fication of  hazar­

dous locations according to the presence of specific flammable mixtures 

(as given in Articles 500-503) is of particular relevance. Two hazardous 

classifications have been established ,  each of which is further divided 

into two divisions. Class I hazardous locations are categorized into 

four groups (A, B ,  C, and D) . Class II  is divided into three groups 

( E , F ,  and G ) . Definitions of each hazardous classification , Divis ion 

and re levant Group follow. 

2. 3.2. 1 Class I Locations 

These are areas in which f lammable gases or vapors are or may be 

present in the air in suf ficient quantities to produce explosive or ig­

nil i.bk mixtures. 

(a) Cl ass I, Division 1. This is a location in which 1 )  hazardous 

concentrations of flammable gases or vapors exist continuously, 

intermittently , or pe riodically under normal opera t ing  con­

ditions ; or 2) hazardous concentrations of such gases or vapors 

may exist frequently because of repair or maintenance op1 '. rations 

or because of le akage ; or 3 )  breakdown or faulty ope ration of 

equipment or processes may release hazardous concentrations of 

flarmnable gases or vapors , or cause simultaneous failure of 

ele ctric equipment. 

(b) Class I, Division 2. This is a location 1) where vol a t i l0 

f lammable liquids or gases are handled , processed or used, but 

in which the hazardous liquids , vapors or gases will normally 

be confined within closed containers or closed systems from which 

they can es cape only in case of accidental rupture  or b reakdown 

of such containers or systems , or in case of abnormal opera tion 

of equipment ; or 2) where hazardous ,oncentrations of  gases or 
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vapors are normally prevented by positive mech anical ventilat ion, 

buc which may become hazardous through failure or abnormal op ­

eration o f  the ventilating equipment ; or 3)  wh ich is adj acent 

to a Class I ,  Division 1 location, and to which hazardous con­

centrations of gases or vapors may occasionally be communic . 1ted 

unless prevented by adequate positive-pressure ventilation from 

a source o f  clean air ,  and ef fective s a feguards against the 

failure o f  the ventilation system are provided. 

Crushing and breaking o perations within a coal preparation plan t 

mav result in the production o f  methane and thus fall  wi t hin the defini­

tion of  a Clas s I Division 1 hazardous loc�tion. Similarly, the in-

teriors o f  s ilos fall within this classi fication . A major problem arises 

as to what constitutes "adj acent" locati ons referred to in Class I Division 

2 definition. 

Heat producing equipment must be approved for use in the speci t i ,: 

gas or vapor atmosphere to b e  encountered. The surface temperature should 

no t exceed the ignition temperature o f  that gas or vapor. Formerly , the 

ignition temperature for each Group was taken as the lowest of any mat erial  

in the Group ( 280 °C  for Group D which includes methane) . As the NEC reads 

presently, heat producing equipment for use where methane gas may be pre­

sent should not exceed its ignition temperature of 530 ° C. 

2. 3.2.2 Class I I  Locations 

These are locations which are hazardous due to the presence o f  a com­

bustible dust. There are three groups of combustible dusts within this 

classification of  which only Group F is relevant. According to the 1968 

NEC , Group F is defined as ' 'atmospheres containing carbon black , coke or 

coal dust . . . 1 1  

The current issue of the NEC (19 75) defines Group F atmospheres as 

" . atmospheres containing carbon black, charcoal , coal or coke dusts 

which have more than ei�ht percent total volatile material (carbon black 

per ASTM D1620, charcoal, coal and coke dusts per ASTM D271)  or atmos ­

pheres containing these dusts sensitized by other materials so  that they 

present an exp losion hazard. 1 1  
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W i t h in Class  I I  there  are two d iv i s io ns wh ic h art! de f ined  a1>  

i ullows : 

( a ) Class I I , Di vision 1 .  This  is a loca t ion 1 ) in wh ich  c omb us­

t ib le dus t is  o r  may be in  s uspen s io n  in t he ai r c on t inuousl y , 

inte rmit te n t ly , o r  pe riodically unde r normal operatin g condi ­

t ions , i n  q uan t i t ie s s u f f icient  to p rodu ce ex p los ive o r  igni­

t i ble mix tures ; or 2 ) where mechanic al failure or  abnormal 

ope rat ion of ma chinery or equi p menL  m ight cause s u ch e xp l o s ive 

o r  igni t i ble m i x tures t o  be  p ro duced , and might also p r u v i d �  

a so ur ce of ignit ion t h rough s imul taneous failure u f  e lec t r i c  

equipmen t , opera t ion of prote c t io n  devices, o r  f rom o ther  

cause s ; or  3 ) i n  which comb us t ib le  dus L s  o f  an elec t r i cally 

conduc tive nature may be pres en t .  

( b ) Clas s I I , D ivi s ion 2 .  Th i s  is a loca t ion Ln which cnmb us t i b l e 

dus t  will no t norn1a l ly be in s u sp en sion in  L h e  air o r  wi l l  

n o t  be  l ikely tu  be t h rown in to  suspen s io n  by  t he no rmal 

upe r a t iu n  of e quipmen t o r  appara t u s  in quant it ies s uf f i �ien t 

to  p roduce  explos ive or  i gn i t ible  mi xtures , but whe rr. depo s i t s  

o r  accumul a t ions o f  �uch co mbusti bl e  dus t may be s u f f ic ient 

to inte rfere  wi th t he s a f e  dis � i p a t ion o f  hea t from e lectri c 

e q u i pmen t  o r  migh t be igni ted by arcs , sp arks , o r  b urn ing 

mater i al from such  equ ipmen t . 

As appl ied  to coal p reparat ion plan ts , C l a s s  I I , Div ision 1 

lo cation s would include rooms containing g r in ders  o r  pulveriz e r s, grade rs  

and sc a l pe rs  as  well as coal pulver i ?. ing p l an t s  and  any other lo ca t i on 

whe re combus t ible  dusts may be presen t unde r no rmal condit ions in  

�u f f ic ient amounts to  pro duce exp los ive or  i gn i t ible mi xtur es . Acco rd­

in g to the NEC-1 9 7 5 , p ulveri zed coal  is  co nside red an elec t ri cally 

conduc t ive dus t . Recent  stud ies in d ic a t e  t ha t  coa l  s hould be c las s i -

f ied as  a s emi-c onduc t o r . 

*See  Chian g , S .  H . ,  "heasu remen t o f  Elec tri c al Conduc t ivi t y / 
;{e s is t ivity o f  Du st Sample s 1 1

, repo r t  submi t ted to Bureau of Mines , P . u . 
No . 3 64 0 5 0 ,  Sept emb er  1 97 6 , and In s t rumen t  S o c ie ty o f Ame r ica , 1 1A re; ,  
Cl a� s i f i cat ion i n  Ha z a r dous Dus t Lo cations " , ISA-21 2 . 1 0  (Oc to bl · r 1 9 7 3 ) . 
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Th i s  fact  has  been ref le c ted in mo re recent N FPA codes ( see N H A  6 .:> J  

j J 7 - 3 7 1  fo r 19 7 7 ) . 

C l a s s  I I  Divis ion 2 loc a t ions are those  in  whic h ai rborne dus t i s  

not p resent  b u t  whe re dus t might accumulate on o r  near elec t r i c  eq uipmen t 

in s uf f i c ien t amo unts as  to in t e r f e re w ith r roper and safe  heat d i ss i p a ­

L lon, t hus c re a t ing a potent ial  for  exce eding layered du s t  ign i t ion temp­

e ra t u re s. 

The maximum sur face tempera t ures for he a t -produc ing eq uip ment unde r  

norma l operatin g  condi tions should not exceed the following i n  C lass I I  

loca tions : 

• Equipment not s ub j ec t to overload  : 16 j  ° C  

• Equipment s ubj e c t  t o  over load (e . g. , mo tors , trans forme rs )  :120  ° C. 

2 . 3 . 3 Nat ion al  Ele c tr i c a l  Manu fac turers As sociat ion ( NEMA)_ 

NEMA has es t ablished standards  for the manufact ure and applica ti on 

o f  e le c t rical equipmen t .  These s tandards classify equipmen t  according  to 

ty pes of enc losures , ope ra t ing tempera t u res, c lasses of insul ation and 

various  other des ign para.me ters . Th� p� rtinent s t andards are lis ted be low .  

2. 3 . 3. 1  C las s i fica t ion of Enclos ures for Industrial Cont rol Equipmen t 

NEMA as s i gns type-numbers  to iden t i fy the var ious non-ven tila ted en­

c losures des i gned for speci f i c  con dit ions. However ,  these numbers are not 

present ly marked on the enclosu re s , making fie ld iden t i f i c a t ion o f  enclo­

sures  dif ficu l t . Referral to manu factu rers ' catalogs is necessary to pro­

vide ty p e -number informa t ion for a p articular device or eq uipment. 

Type 1 ,  General p u rp ose -Indoor. An enc los ure in tended  primarily to 

p rotect against acciden tal  con ta c t  of personne l with the enc losed 

equ ipment . 

�- 1. '  Dripp roof-Indoo r . An enclos ure intended to p ro t e c t  the  

enc losed equ ipment  against fal ling  noncorros ive liquid s and falling 

dirt. 
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Type 3 ,  Dus t t i gh t , Rain tigh t  and S leet Re s is t an t  Ou tdoo r . An en­

closu re in t ended to p rotect the enclosed eq uipment against windblown 

dus t and water . 

Type 4 ,  Water t igh t and Dustt igh t -Indoor . An enclos ure in tended  to 

p ro t ect the enc los ed  eq uipment agains t splash ing  wa ter , seepage of 

water , and f alling or hose-direc ted wa ter . 

11.P_e_� , Submersib le , Water t igh t , Dus t t igh t and S leet Res is tant-Indoo r 

Ou tdoor. An enc losure in tended for locations where occasional sub­

mersion is en c ounte red . 

Type � .  Clas s  I ,  G roup A ,  B ,  C ,  or D-Indoor Haz ardous Loca t ions . An 

enclosu re for a i r -b reak devices intended for use in  Clas s I ,  r.roup A 

B ,  C ,  o r  D hazardous locations . 

_Type 8 ,  Class I ,  Group A ,  B ,  C ,  or D-Indoor Hazardous Loca tions . An 

enc losu re for o il-imme rsed dev ices intended for use  in C l ass  I ,  Group 

A ,  B ,  C ,  or D hazardous locations . 

'!Ype 9 ,  C las s I I , G roup E ,  F ,  or G-Indoor Hazardous Lo ca t i ons . An 

enc losure for air-break devices in tended for use  in Cla s s  I I , Group  

E ,  F ,  or  G ha zardous  locati ons . 

Type 10 , Bu reau of  Mi nes . An enclos ure des i gned to mee t  t he r e quire­

men t s  o f  the U . S .  Bure au of  Mines  wh ich relate to  a tmospheres c on­

ta ini ng mixtures of me th ane and a i r , wi t h  or wi thou t coa l  dus t p re ­

sent . 

Type 11 ,  Corros ion Res istan t  and Dr ipp roo f-lndoo r .  An en clos ur�  for  

oil- immersed equ ipmen t intended  to  p ro t ect the en c losed  eq uipmen t 

against dripp ing , seep age , and ex te rnal condensa tion o f  cor ros ive 

liq uids and the corros ive e f fects of fumes and gases . 

JYpe 12 , Indus trial  Use Dus t ti ght and Driptigh t -Indoor . An enclos ure. 

intended to p ro t e c t  the enclos ed equipmen t agains t lin t ,  f ibers , 

flyings , dus t , d irt , and l i ght splashing , s eepage , d ripp in g and �x ­

ternal conden s a t ion o f  noncorrosive liquid s . I t  ha s a n  oil -res istant 

gas k e t  be tween the case and c over . The re  are no unu sed h oles  through 

the enc losure and no condui t kno ckou ts  or condui t  openings . 
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Type 13, Oil tight and Dusttight-Indoor . An enclosure intended to pro­

tect the enclosed equipment against lint and dust , and seepage, ex­

ternal condensation, and spraying o f  water , oil , or coolant. 

2. 3.3.2 Classification of Motors 

There are several NEMA classifications for motors and generators . Of  

these , only the classification according to  Environmental Protection and 

Methods of Cooling is relevant to coal preparation plants . 

Within this classification, motors are divided into open -�ch ines 

and totally enclosed machines. An open machine is defined as : 

I I  one having ventilating openings which permit passage of  

external cooling air over and around windings of  the machine. " 

Upen machines are further categorized into ei ght groups : Drip-proof , 

s plash-proo f ,  semi-guarded, guarded, drip-proo f fully guarded, exte rnally 

ventilated , p ipe-ventilated , and weather-protected. Among these, the most 

connnon is the drip-proof , which is constructed such that the ventilation 

openings prevent entry of water at any angle from O to 15 degrees down­

ward from the vertical . 

According to NEMA , a to tally enclosed mach ine is one which is " . . . so 

enclosed as to prevent the free exchange of air between the inside and the 

outside of the case but not sufficiently enclosed to be termed air-tight. " 

There are ten categories of totally enclosed machines . Only four o f  

these are pertinent to coal preparation p lants : 

• Totally-Enclosed Fan-Cooled Machine (TEFC) wh ich is equipped 

for exterior coolin g  by means of a fan or fans integral with 

the machine but external to the enclosing parts. 

• Explosion-Proof Machine (XP) which is a totally-enclosed machine 

designed and constructed to withstand an explosion of a specific 

gas or vap or which may leak into it and to p revent the ign ition 

of the gas or vapor surrounding the machine by sparks, flashes 

or exp losions of the gas or vapor within the machine casing. 
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• Dus t - I gn i tion -P roo f ( DIP ) Machine  wh ich  is a to t a l ly-enclosed  

machine des igned and  cons t ru c t ed in  a manne r  wh ich  wi l l  exc lude  

ign i tible amoun ts o f  dust o r  wh ich  m igh t a f fe c t  pe r fo rmance o r  

rat ing . Ne ithe r will i t  p e rmi t arcs , sparks , o r  heat  o the r wi se 

generated  o r  l iberated  j 1 1 s ide o f  t he enc lo su re to  cause ign i t ion 

of  e xterior accumul a t io n :.1 or a tmos phe r i c su s pens ions o f  a spec­

i f i c  dust on o r  in t he v i c in i t y  o f  t he en closure. 

• To tally-Enclos ed P ipe -Ven ti lat�d Machine ( TEPV) wh i ch i s  a t ota lly 

e nclosed mach ine e xcep t for  open ings s o  arranged that inle t  and 

ou t le t  due. ts  or p ip�s  may be connec ted to t hem for the admiss ion 

and dis charge of the ven tilating air . This air may be  c i rc u l ated 

by means integral with the mach ine or  by meanti exte rna l t o  and not  

a part of the ma chine . In the latter case , thes e  machine s  are 

known as sep a rately- or forc ed -ventilated mach ine s .  

2 . 3 . 3 . 3  Clas s i fica t ion of Ins u lation 

There are pres ent ly four clas ses of  insul at ion used i n  the manu fac ture  

of  � lec t r ic motors : A ,  B ,  F ,  and H.  The charact eris t i c s  o f  each  estab ­

lishes s pec i f i c  tempe rat ure limi t ations when used in elec t ric mo tors , 

based on a maximum ambien t tempe rat ure o f  4 0  ° C , as shown in  Tab le 2 . 2 . 

Ins ulat ion 
Class 

A 

B 

F 

H 

Tab le 2 . 2  

�emperature Limits for 

Integra l -Horsepower Motors 

Permissible Temperature ( ° C ) * 

Rise** 

5 0  

7 0  

9 0  

110  

Open Drip P roo f 
Ho t Spot 

15 

20 

2 5 

30 

Tot a l  Rise** 

105 5 5  

130  7 5  

1 5 5  9 5  

1 80 1 1 5  

* Based on  40 ° C  ambien t  tempe ra t ure 

TEFC  
Ho t Spot 

10 

1 5  

2 0  

25  

* *  Temperature rise  tha t appears  on  mo t or name p la t e  

31  

To tal 

10 5 

1 30 

1 5 5  
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2 . 3 . 4  Underwriters '  Laborato r ie s  Requiremen ts  

Underwr iters ' Labora tories , In c . (UL)  tes t s  and lists e le ctric 

motors  which may be used in hazardous locat ions  as c l assif ied by the 

Nationa l  Electrical Code . Standard UL 6 7 4 (A ) , wh1 r.h is als o adop t ed by 

ANSI ( C 33 . 9 3-19 7 3 )  covers "Ele c t ric �otors  an d Genera tors for use in 

Haza rdous Locations , C lass  I I , Groups E ,  F ,  and G. " S t andard UL 6 7 4  ( B ) , 

which  is also ANS I ' s  standard C 33. 7 3- 19 7 3 covers  "Electric Mo t o rs and 

Generators for Use in Hazardous Loca l lons , Class I ,  Groups C and D . "  

UL 9 1 3  is a general  Standard for Safety which covers "In t rinsi c a l ly S a fo 

Elect rical C i r cu i ts and Apparatus f o r  Use in Haz a rdous Lo ca tions  and i ts 

Assu ciated Appara t us. " 

All  of these s t an dards provide det :1i ls of tests and c r i t eria  tha t 

must be  me t by  e lectrical equipmen t so tha t  i t  may be  used in the desig­

nated hazardous loc a t ions f or wh i ch it  was tes ted . UL publishes an annual 

lis t o f  eq uipmen t t h at  h ad met the UL Stand a rds requi rem<'nts and which 

continue to mee t  the ne cess a ry cri teria on an  annua l rando � sampling  and 

tes t in g  basis . I t  is interes t ing to not e  tha t mo tors listed for u s e  in 

Class  I I , Group F ( c o al dus l )  loc a tions mus t undergo dus t  penetra tion 

te s ts wi th - 1 00 mesh grain dust as wel l  as ma gnesium dus t of a speci fic 

s iz e  dis t ribution . In addi t ion, a dry-dust blanket  tes t i s  desc ribed in  

wh i ch the s ur fa c e  tempe rature of  a C la s s  II , Group F moto r sha ll  not ex ceed 

200  ° C  wi th gr ain dus t. It s hould b e  noted that the layer i gn i t ion temp er­

ature for coal  var ies between 170  ° C  ( 3 7 %  vola t i les ) to  240  °C  ( 1 2 %  vola­

t 1 .les ) . Therefore , it is  con ceivab le that a motor which had been test ed 

and lis t ed by UL f u r  us e  in Class I I , Group F loca t i ons will ignite an 

acc umu lated lay er o f  a coal with a high p e r centage of  vola t iles .  The 

requiremen t s  for C lass 1 1 , Group F classif icati on du no t in clude any ig­

ni t ion o r  exp losi on tests . 

To mee t t he requ irements for UL l is ting  in C lass I ,  Group D (me thane ) ,  

the  external t emperat ure o f  a motor mus t  no t exceed 2 1 5  ° C  which is  wel l 

below the i gnition tempe ra ture o f  methane ( 5 30 ° C )  but above that o f  laye red 
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coal ( · •,1 7 0  ° C ) , In add i tion ,  the motor is subj ected to a series of e-: c ­

p los ion tes ts  wi th a spe c i fied gas  ( in t his case  methane ) t o  check  for 

flame propagation f rom the interior  to the  s urround ing exp losive atmosph e n� .  

The s tandard for Intrins ica lly S a f e  Ele ctric a l  C ircuits and Equ ipm�n t 

( UL 9 1 1 )  is l imited to dev ices , inst rume n t s , wirin g , e t c .  which :nf' ra t ed 

6 0 0  volts or less  and intended for use in hazardous locat ions as class ified 

in the NEC . It  p rovides req uiremen t s  for moun ting , corrosion pro tec tion , 

t empera ture limi t s , spacings , grounding , e tc . 
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3 . 1  PLANT VISITS 

3 . 1 . 1  Selection of P lants 

J .  HAZARD ANALYS I S  

As p a r t  of this p rogr�m , a numbe r  o f  bituminous , lign ite , and  an th ra­

�i t e  coa l preparat ion p lan ts we re vis ited . The selec tion o f  the plants 

was made to provide as wide a cove rage as possible in years of ope r a t i on , 

geo graphic  location , throu ghpu t , des i gneri; , coal seams , and unit opera tions . 

Seventeen of  the p lan ts visi ted  ope ra t ed on b i t umin ous and sub-b i tum­

inous coal , three on anthracite and two on l ign i te . On e  o f  the lignite 

p lants s tarted operation in 19 5 1  and the other in 196 5 . The three anthra­

ci t e p lants  were p ut in to operation in t h e  mid-19 40 ' s . The o ld e s t  b i t um­

inous p lant started opv ration in the late 1 9 20 ' s , wh i le the newe st s t a r t e d  

i n  1 9 75 .  The plan ts  we re designed by  four t Pen d i f ferent comp anies . Raw 

coa l capac i t ie s  ranged f rom 7 0  tph to 7 , 00 0  t ph . The coal  p �o ces sed  

by these plan t s  came f rom over 15  d i f feren t coal s e ams in West Virginia 

and Pennsylvania  and , two di f ferent  seams in North Dako ta ,  and four d i f f e r­

en t seams in  the Northwestern s t ates . Prac t i c ally a l l  ty pes  of  unit oper­

ations were obs erved . Dus t s amp les were taken near elec tr i cal equipmen t 

a t  four u r  five dif feren t loc a tions in a plan t . Me thane concen t rations 

we re  a lso measured at  selec ted  locat ions . Ventilat i on ral es  were r ecord ed 

a t  var iou s points . 

Dur ing a typ ical visi t , an ins p ecti on was made of the  types ot elec ­

t ri c a l  eq uipment used in various location s .  Plan t managers or s uperin t Pn­

d en t s  were as ked about their experien ces with  f ires and /or exp los ions 

rela ted  to elec t rical eq uipmen t.  Surrnnaries of the obse.rva t i ons made at 

these p lan ts ar� given in Appendix A .  

1 . 1. 2  General Obs erva t ions 

3 . 1 . 2 . 1  Ele ctrical  Equ ipmen t  

Exp los ion-proo f motors we r e  used  i n  very few of the p lant s vis i ted . 

The rna i ority o f  p lants  emp loyed TEFC  mo t ors . S ome p lants emp loyed a f ew 

open mo t o rs wh i le one h ad a l l  open motors excep t f or one exp los i on-pro o f  
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mot o r  in  the d ump ing area . In  mos t cases , the operators would repla rP  a 

failed mot o r  with what was availab le at the plan t  or order a dupl icate  of  

the f3 iled mot or with no ef fort to up da te equipment . 

Mos t o f  the swi t chgear was dus t - t i gh t . In a few plan ts , the swi t ch ­

gear was p laced i n  separate rooms . Almos t half the plan t s  enc losed t he 

con t rols in a separa t e  room whi ch was usually a ir cond i t ioned or had a 

sl i gh t  pos i t ive pres sure to minimize dus t in f i ltra t ion . The maj ority of 

con trol p ane l s  were o f  dus t-tight des ign. 

J . 1 . 2. 2  Main tenance and Housekeeping Programs 

As a general  p r a cti c1.: , rou tine  m a in t enance was carried ou t dur i.ng o r  

irronediately followin g a working s hi f t .  In some cases , it was he ld o f f 

unti 1 the weekend .  Mos t p lants did not have a forma l maintenance s ched u l , '.  

b u t  reli ed on the supervis or ' s memory as to when a mach ine was las t s e r­

viced. Items req uiring main tenance whi ch cou ld not  be service d du ring  

norma l  wor k ing sh i fts were noted and the work complet e d  at  the earlies t 

op por t uni ty . The maj ority of  maintenance and housekeeping  programs werP 

l imite d to s weeping , was hdown to control the dus t problems , and lubr i ca t i on .  

Th ree of the plants vis ited did not perform me t hane checks . The p l an ts 

that checked for methane us ually did so before eac h sh i f t  at the s j lo , 

stora ge ar eas , or dumping  pit s . 

Repa ir work at the pl an ts visited was usually per formed immed iat e ly 

sin ce equ ipmen t in need of repair general ly would fail to opera te and s h u t  

down the proc es s . In mos t cases , elect rical equipment that fa i leJ was 

replaced with an iden t ical  uni t  which was ei ther a spare or pur chased 

se cond hand . When repair work was  requi red and t he proces s was shu t  down , 

othe r i tems requi ring main tenance were a lso checked . 

Many of the p lan t s  kep t elec t r ical  repair log books , b u t  d id no t 

keep mechanical repair record s .  

3 . 1 . 2 . 3  Ac ciden t  and Elec t rical  Fa ilure His tory 

None o f  the p lant s uper in te nden ts  v is ited could rec all any dus t or 

methane explosions or fires du e  to e le c t rical fai lures . One op� ra tor 
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recalled two dust explosions which were caused by problems in the ther­

mal drying system. Almos t all the plants have had motor fail ures. The 

plants that used wet processing considered water to be a greater prob­

lem than coal dust in that water enhanced the electrical conductivity 

of coal and increased the probability of shorting . 

3. 1. 3 Dust,  Methane , and Ventilation 

3 .1 . 3. 1 Dus t  

During the plant visits, meas urements were made of airborne dust 

concen trations . Dust samples were taken in areas that appeared to have 

the dusties t atmosphere . The dust measuremen ts were made by drawing a 

known volume of air across a preweighed PVC dust filter wit h  a pore size 

of approximately 2 ;.m .  The airborne dust concentrations were calculated 

from the change in filter weight and the sampled air volume . Appendix B 

summarizes the data collected at each plant. 

It was vis ually obvious that the processes that used large quantities 

of water (e. g. , Diester tables,  .i igs, wet screens) created the least 

amount of dust. The visits to lignite coal preparation plants indicated 

that the soft lignite coal was very susceptible to coal dust generatiun. 

When stockpiled lignite that had been dried by the sun is processed , the 

operations can become very dus ty. Bituminous coal preparation plan ts had 

ha th "clean" and dusty operations, depending upon the amount of water 

used and/or ventilation systems employed. Sub-bituminous plants in the 

Northwes tern states did not utilize any water cleaning operat ions because 

of potential freezing problems. However, during early spring (when the 

visits were conducted) the coal dust levels were relatively low. This 

was attributed to the fact that water applied to raw coal in the min0 was 

s till frozen to the coal surface thus preventing dust formation . According 

to the plant operators , summer operations generate greater quantities of 

dus t . At that time water sprays are used in the crushing operations to 

reduce the dust concentration in the plan t. Anthracite plan ts did not 

exhibit any dusty operations because they depended upon water Eor the 

sizing/screening operations �nd to move the coal throughout the plant as 

a slurry.  Table 3 . 1 shows the maximum dust concentrations found at the 
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Table 3 . 1  

Maximum Dust Concen t r ations Found  at  Di f feren t Coal Preparation Plan t s  

Ligni te 

Sub -B ituminous 

Bi tuminous 

Anth racit e 

Table  3. 2 

Concentrj t i on 
(mg/m )  

1 , 100 

2 , 180  

1 , 200 

30 

Max imum Dus t Concen trations Found at Various Opera t�ons 

Concentration 
Lo cat ion (mg/m3 ) 

Diester Tab les < 10 

Wet Crushing < 10 

Wet S creens < 10 

Rec laim Tunnel 4 7  

Storage Bins 5 2  

D ry  Screens 1 1 0 

Breaker 130 

Load-out Build ing 2 2 5  

Crushing 64 7 

Dump ing Bins  940  

S i lo 1 ,100 

Thermal Dryer 1 , 200  

Samp ling Area 2 , 0 2 3  

C onveyor 2 , 180 
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F, > ur  ty pes  o f  coal c l ean i.ng p lants. The ef fec t o f  us ing water is clear 

as shown by the low levels of dust found at the anthracite plants. 

Table 3. 2 shows the maximum dust levels found for d if ferent unit 

operations in coal preparation plants. Again, the ef fect of water can be 

seen in the lower dust levels at the Dies ter tables , wet crushers , and wet 

s creens compared with the higher values for dry processes such as then11al 

drying, storage silos, and dry screens. 

In general, plants that used large quantities of water d id not have 

large accumulations o f  dust on equipment or structural members except 

where there were sp ills or exces sive splashing and spraying of coal slur­

r ies. After these spills had dried , they would leave layers of  c�ked 

c oal dust. The maj ority of plants with dry operations had layers of 

accumulated coal dust on light fixtures, structural beams , braces , and 

operating equipment includ ing electric moto rs and switch gear. In the 

course of one working shi ft where the plant had b�en cleaned beforehand, 

layers of dust up to 1 / 2 "  could be found. There were areas where every­

day housekeeping did not manage to keep up with dust accumulation . Thes l ·  

areas which generally had poor accessibility included tops of  light fix­

tures , structural beams , and tops of tall equipment. 

'3. 1.3. 2 Methane 

Methane concentrations were measured at various locations in seven­

teen different coal preparation plants . The results are given in Appendix 

C. The highest concentration found was 0.2% methane in air or 4 'l..  of thl· 

lower explosive limit for CH4. The majority of measurements were made at 

locations  where coal was either stored or crushed. Measurements were also 

made at other locations throughout the tipple . Table 3. 3 lists s ome of 

the higher methane levels found during the vis its to the coal preparation 

plants. The highest value found was at a storage silo (0. 2% ).  Some of  

the methane levels found at operations that did not store or  crush coaJ 

(e. g., conveyors, centrifuges ) may have been due to their p roxi mity to 

processes where coal was stored or c rushed. 
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Table 3 . 3  

Maximum Methane Levels  at Vario 1 1 s  Loc a t i ons in Coal Preparation P lants 

Concentration 
(% in ai r )  

S t orage S i lo 0 . 20 

Rec laim Tunnel 0 . 19 

S torage Bin 0 . 1 8 

Crus hers  0 . 15 

S creens 0 . 14 

Top o f  Tipple 0 . 1 2 5  

Conveyo rs  0 . 1 2 5  

Dump ing B in 0 . 12 

Baghouse  0 . 10 

Cen t r i fu ge s  0 . 08 5  

Load ou t a . us 
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Although the measurements showed low concentrations of ml '. thane at the 

time s of the visits, several operators admitted that higher concentrations 

have been occasionally observed during their re gular methane checks. The 

situation was easily corrected by introducing or increasing the rate of 

forced ventilation. 

3 . 1 . 3.3 Ventilation 

Table 3. 4 shows the types of ventilation that were found in the dif­

ferent plants visited. In many of the plants, there was no forced ven­

tilation in the tipple or  storage silos. Ventilation was almost entir� ly 

dependent upon the local wind conditions and the amount of op enings in the 

building (e . g. , windows and doors ) .  As would be expected , this typE' of 

natural ventilation was found to be quite variable. Table 3. 5 shows the 

velocity of air moving through some of the building apertures during the 

visits. Generally , the number of building openings was small and not 

enough to create any significant air movement. There was noticeable air 

movement in the immediate vicinity of an opening when there were s uf ficient 

ambient winds, but there was little or no air movement in the areas bey c�d 

those openings (e. g . , greater than 10 ft away) .  In many case s  the wind 

woul d carry coal dust from outside stockpiles into the building or raise 

coal dust that had settled on equipment or structure s and create a dustier 

atmosphere than i f  the opening had not been present . During the winte r 

months when doors and windows would be closed, or during calm days , there 

would be virtually no air movement in the se plants. 

About one third of the plants visited provided a s eparate room for 

controls and /or switch gear that was ventilated or had a slight positive 

pressure to prevent dust penetration. This method for prote cting equipment 

against dust appeared to be quite ef fective and the rooms and equipment 

within were free from dust . 

Equipment with air-tight connections such as hooded screens or crushers , 

did an excellent j ob of stemming the dust problem as opposed to equipm8nt 

chat operated in ventilated process rooms or enclosures. The latter type 

of ventilation removed only room air allowing dust to settle on s tructural 
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Tab le 3. 4 

Types of  Ven tila tion Employed 

Type o f  Ven t i la t ion 
Number  of Plan t s  Emp loyin�  

this  Type 

Na t ura l ven tilation only 

Con trol/swi t ch gear room ven tila tion * 

Pro cess ven t ila tion (e . g . , hooded sys tems 
for crushers ) 

Bui ld ing ven t i lation (exhaust fans on 
tip p le roo f )  

7 

8 

8 

4 

* In cludes a ir  condit ioning and pos i t ive press ure systems . 

Table 3 . 5  

A i r  Ve loc i t ies at  Di f f e ren t Building Open ings 

Air Velocity 1 

Doorway bo t t om o [  t ippl e  200-300  

Doorway top of t ipple 0- 300  

1c, ' X 6 '  openin g top o f  t ipple 30- 60  

Conveyor  tunnel ( 1 2 ' d i ame ter ) 5 0-100 

Re claim tunne l 0- 90 

Dumpin g Bin ( 6  I X 3 1 open ing ) 150- 2 00 

Doo rway to load -ou t area 0-200 

Convey or 100- 2 00 

S t o rage bin ( 6 ' 
X 7 1 op ening )  0-500  
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members and equipment . Similarly, b uilding exhaust fans appeared to have 

no noticeable ef fect in removing coal dus t from the building. These w�re 

basically used to move air and to help cool the building during hot 

weather . 

3 . 2  ANALYSIS OF ACCIDENT DATA 

To es tablish the nature and causes of fires and explosions in coal 

preparation plants, descriptions of 65 accidents that were provided by 

MESA and which covered the period 195 2  to 19 74  were analyzed . Table 3 . 6  

summarizes the caus es and combus tible media of these fires and explosions. 

It  can be  seen that "electrical" sources were responsib le for on1 y about 

one, sixth of the ignitions. De tailed analysis of the eleven "electric al" 

tgnitions are given in Tables 3 . 7 and 3 . 8 .  Arcs from electric welding 

and broken light bulbs caused three accidents each. Two ignit ions were 

attribut ed to switch gear. Methane was involved in five of the explosion� 

while coal dust was involved in three . Three of t he accidents occurr �J in 

the conveyor tunnel under coal storage piles and all three involved me thane 

ga1:; , 

It  is int eresting to note that coal dust explosions (about two thirds 

o f  the reported accidents) were mostly in the drying sys tem. The ir causes, 

however, were not related t o  electrical systems or components. Only three 

incidents involved coal dus t and electrical equipment . In one, coal dus t 

was ignited by a breaking light bulb and in two by sparks from an electric 

welding machine. 

These data appear to support the general concensus of opinion derived 

from our discussions wi t h  plant operators that  the frequency and s everity 

of electrically - related fires and explosions in coal preparation plants 

are minimal. This may b e  a t tributed to two factors : 

• A conservative attitude in interpre ting the NEC and selec ting 

and using electrical equipment and/or 

• An over-es t imate of the hazards due to me thane and coal dus t 

in coal preparation plants. 
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Table 3. 6 

Causes and Combus tible Media Fires and Explosions at Coal Preparation Plants 

Igniti on Sources 

Thermal Dryer (excessive heat, 
open f lames, hot clinkers) 

Acetylene Cutting or Welding 

Ele c t rical 

Unknown 

Friction ( sparks or heat) 

Others 

Combustible Media 

Coal Dust 

Methane 

Gasoline 

Acetylene 

Methane and/ or Dust 

Others 

4 3  

No. o f  Ignitions 
and/ or Explosions 

23 

1 5  

11  

4 

3 

9 

65  

40 

8 

4 

3 

3 

7 

65  
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Loca tion 

Table 3 . 7  

Rela t ionship Be tween 

Loc ations and Med i a  of Ele c t ri c al Ign i t ions 

3 

H co 
0 
u 

<J I-, co Ql 
rl "Cl 
i:,::i � � 0 

Ql <ll p.. 
i;: H 
·� .0 +J 
rl T'i Q) I 
0 l/l H 
l/l l/l H 
<1l O QJ 

l'.) p.. p.. 

J Conveyor Tunne l --�-----------t-------------------------

Coal Hop per 

Supply House 

Coal Chu te a t  
Vib ra to r  Feede r  

Raw Coal S torage 
S i lo 

l 

1 

l 

1 

1 1 

1 

1 ----------------+----+----+---------+----

Comb i nation Repair 
Shop , Truck Storage 

Raw Coa l  Conveyor 
Bel t  

Deep Wel l  Pump House  

C ombination Hoist House , 
O f f ice , S cale House 

Tota l 

1 

1 

5 3 

1 1 

l 

1 

1 l 

l 1 1 1 1  ______________ .___...__ __ ...._ __ __,_ _____ .__ __ _.__ ··· · ·-
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Tab l e  3 . 8  

Re la t ionship Be tween 

Igni t ion  Sou r ces and Media  of  Ele c t ri c a l  _Igni t ions 

� 
I U I-< 

t/l Ill QJ 
ell I-< r-1 "Cl 

c.., 0 l:Q :l 
QJ 0 

Cl) C: C Q) >, ii. 
QJ '5 QJ QJ c:: """'  

00 .-I ·r-< .n µ 
0 >, """' •r-< QJ 

.c r-1 1-J µ 0 !I) """'  
µ C'CI "d QJ !I) Ul ,-I 

� 0 !>, (j C'CI O QJ 
I gnit ion Source u ;i:: < c.., p... p... 

Ligh t  Bulbs 
( Breaking , Shorting ) 2 1 

Elec t ric We lding Arc 2 1 

Shor t Circuit (cables ) 1 1 

Open Type  automa t i c  
swi t ch  (wate r pump )  1 

Ele c t r ic arc in swi t ch 
box 1 

Unknown 1 

Total  5 3 1 l 1 
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3 . 3  INTERPRETATIONS OF THE CODE 

3 . � . l  Designe rs ' Interpre tation 

Seve ral companies which spe cializ e in des igning coa l p reparation 

p lan ts  we re visited . Their  sta f f  wh o are concerned wi th  the sele c t i on 

o f  e le ctri cal equipmen t  ind icated  that  they h ave d i f ficul ty in de ter­

mining wh ich areas with i n  a plan t  should be de signa ted 3S C lass  I or 

C lass I I  hazard ous loca tions . They f elt that t he NEC and the Federal  

Re gulations should  be more s pec i fi c  as  t o  how various oper a t ions shou ld 

be  c las s i f ie d . The maj o r  d i f f i cu l ty s tems f rom the  opinion ( s h a re d  by  

opera t o rs ) tha t met h ane is not  really a major p roblem in  a coal p repara­

t ion p lan t . As a res ul t , they fel t that there should  be  no  C lass  I lo­

cat ions in any of these  plan ts . Howeve r , t heir general a t t itud e has 

been to take a conse rvat ive at t itude , res ult ing in h igher c o s t s  f o r  the 

client . Dus t and wa ter were conside red to be the pr imary p rob lems and 

are generally given grea ter at ten t ion . 

In genera l ,  designers ' interpreta t i ons  o f  the Federal  Regula t ions 

resulted  in the locat ion /clas s /equipment re la tionships shown in Tab lE· 3 . 9 . 

Obv iously , there arc variat ions among these relati onships , depend ing on 

condit ions a t  par t i cu lar loc a t ions in ind ividua l  plan t s . Howeve r ,  des ign-·· 

ers  ap pea red to agree in gene r a l  with  these clas s i fica tions . 

Field  vis i ts revealed ins tances whi ch were at vari ance wi th  the  fore ­

going, p a rticularly in o lder pl ants . In fac t , s eve ral o lder ins t a l la t ions 

u t i lized  open type motors in ex t reme ly du s ty locat ions . The mo tors  were 

cove red wi th as much as 1 / 2 "  to 3 / 4 " of dus t and some. h ave been operatin g 

for  20-25  years . 

3 . 3 . 2  Insurance Comp any Interpreta tions 

P repara t ion plan ts wi th op en s torage fac i l ities we re cons idered by 

ins urance company rep resen tat ives to be  Clas s I I , Division l, Group F 

locations b e caus e of the p resence of coa l d ust , which the.y cons idered  

both condu ctive and exp los ive . En closed storage s i los , whe re methane 

may accumul a te , as well as conveyors und e r  si los or storage p iles w� re  
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Table 3.9 

Designers ' Interpretation of the Federal Regulations 

Location/Process 

Raw Coal Storage 

Dumping Bin 

Conveyors under silos 

Screening/Crus hing 

Wet Preparation Plant 

Control rooms 

Trans fer points 

Load-out 

Class 

I if enclosed 

II i f  open 

I if closed 

II if open 

I 

II 

II 

Ordinary if under 
positive air pressure 

II 

II if enclosed 

Equipment 

Explosion proo f 

Dust tight or dus t­
ignition proo f  

E){J)losion proof 

Dust ti ght or dus t­
ignition proof 

Explos ion proof 

Dust tight or dust ­
ignition proof 

Dust tight or dust­
ignition proo f 

NEMA 1 enclosures for 
switches, etc. 

Dust tigh t  or dust­
ignition proof 

Dust tight or dus t ­
ignition p roof 
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con s id e re d  r lass I ,  Divis ion 1 ,  Group D .  Whe re me t h ane may b e  presen t ,  

exp los ion-proo f motors and NEMA Type 10  enclos ures for con trols and 

switche s we re generally recommended . 

New fac ili t ie s  were reviewed du r ing the design phase by the in� uran ce 

c ompany engineers and re commend a t ions  for eq u ipment were made b ased on 

pas t exper ience and j ud gment . For exis t ing facilities being reviewed 

prior to a ccep tan ce for ins urance , inspectors  would recommend ch anges or  

add i t ions b ased on their  pers onal j udgmen t , an eva luation of  exi stinp. 

condit ions , and the guidelines available  from the insuring company .  

3 . 3 . J Manufacturers ' Interpreta t ions 

Manu fa cturers of e lec trical  comp onen ts  used in coal p reparat ion plan t. :, 

have l i t t le input in t he s elec t ion of eq uipmen t un les � they are sp eci fically 

as ked to  do  so . In such cases , they tend to  be conse rvative as lon g  as they 

feel  tha t they c an remain in a compet i tive pos ition . Manu fac turers appear ed 

to s t ay away f rom in terp re t in g  the codes , leaving tha t  j udgmen t to thP. de­

s igners  and operators o f  coal p repara t ion  plan ts .  

Man u f ac t urers indicated t h a t  UL-lis ted exp losion-p roo f motors with a 

r a t in g �reater than 300  hp  are no t gener a l ly avai lab l e  "o f f -the -shel f . "  I f  

an exp los ion-proof motor is requested with a high horsepower , a specia l 

moto r is  bui l t  and individua l l y  t ested and cer t i f ied a t  Underwri ters ' Labor­

atories.  An exp los ion-p roo f motor certif ied in this  manne r  is rather  ex­

pens i ve and the tendency fo r des i gners has been to s e le ct TEF C motors and 

p la ce t hem away f rom the hazard source to prec lude dust or rne than�  igni t i on .  
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4. CONCLUSIONS AND RECOMMENDATI ONS 

4. 1 CONCLUSIONS 

1. An analysis of available data on fires and explosions in co.,l 

preparation plants  indicated that electrical equipment  do no t appear to 

contribute significan t ly to the ignition of me thane or coal dus t. The 

very few ins t ances where ignition was attributed to  electrical devices 

involved broken light bulbs and sparks from electric arc welding. 

2 .  Although concentrations great er than 1% me thane have been repor t ed 

by operators and MESA inspectors, the maximum methane concentrations measured 

during the course of this program in several plan ts and at various lo cati ons 

within each plan t were le ss than o . 2r .  

3 .  Potentia11 y  dangerous me thane concentrations ma y  accumula te in 

cual storage areas such as silos and in tunnels below s tockpiles , sil s and 

surge piles. 

4. Airborne dust concentrations samp l ed at s everal plants  varied with  

the degree of we tness of coal and the type o f  operation. Maximun: concen­

trations (of up to 2, lOO mg /m3 ) were encountered in dry coal operations in­

volving crushing and breaking. 

S .  Coal preparat ion plant opera tions in which a minimum of 75  

gallons of water was present  fo r each ton of  coal proces s ed appeared 

to generate lit tle or no airborn dust . On the other hand those with 

less than 10 gallons of water pe r ton of coal appeared tu be dusty. 

6 .  Designe rs  appear to  take a generally conse rvative  approach in 

selec ting elect rical equipment to r coal preparation plan ts. 

7 .  There is lit tle  guidance in the Federal Regulat ions or NEC in 

de t e rmining the class ificat ion o f  areas "adj acen t "  to hazardous locat ions . 

8 .  Nei ther the Fede ral Regulations no r the NFPA Standard f n r  Coal 

Prepara tion Plants (Standard 653) provide adequate guidance as to what 

cons L i t u tes  an allowable  layer  nf coal dus t on heat-generating electrical 

equipment in coal preparation plants. 
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9 .  The use of . O J o z / cu  ft f or  the overall as sessment of  coal dus t 

hazard  in  an  enclos ure is inadequate  because i t  a l lows t he p resen c e  o f  a 

re la tively thick layer in the vicin i ty of a po ten tia l igni t ion s ource and 

a thin  layer  in the remainde r o f  a large enclos ure . 

10 . The re appears t o  be a general disagreemen t among t he NEC , t he  

s cien t i fic li terature and  coal plant opera tors relatin g to the elec t r i c a l  

conductivi ty o f  coal and the ro le tha t i t  could p lay as  a f i r e  ha z a rd . 

4 . 2  RECOMMENDATIONS  

1 .  It is  reconnnended that  �n experimental  program be  des igned and 

conducted f or the following purposes : 

a .  To  examine the ele c t rical  condu c tivity o f  coal dus t  under  realis t i c  

p lant  conditions and the role t ha t  elect r i cal  conductivity plays i n  crea t in g  

a fire or  electrical  shor t in g  ha zard . 

b .  To de termine maximum allowab le coa l layer th icknes se s  on e le ctri cal 

eq uipment s uhj e ct to he at accumula t ion. 

2 .  I t  is re commende d  th a t  un t i l  such d a t a  are developed ,  a thi c kness  

o f  1 / 16 inch be used  for the maximum a l lowable accumula t ion on hea t -gener ­

atin g electrical  eq uipmen t ,  as  l on g  as the su rface  t empe r a t u r e  does no t 

e xceed 1 70 ° C . 

3 .  I t  is recommended that the followin g guide lines  be ad opted t o r  the 

a llo c a t ion o f  e lect rica l motors to h azardous  areas : 

Area 
Class i fica t ion 

T 

I I  

Mo tor 
� 

XP 

TEFC / DIP  
TEFC / DIP  

Ins ulation Service 
Class  Factor  

B 1 . 0  or 1 . 1 5 
F 1 . 1 5 on ly 

4 .  It is re conunended tha t Figure 2 . 2  in this rep o r t  be used as a 

guideline for d e termining the  class ificat ion of areas ad j acent to C la s s  I ,  

Division 1 locat ions. 

5 .  The B u reau  o f  Mines and MESA shoul d  con s ide r t he fea s i b il i t y  

o f  r�q ui rin g manu f a c turers  o f  el e c t r ical  equipmen t in tended  Eo r use i n  

co al p reparation pl ants L u  include t he N�MA cla s s i f i c a tion on  t he name 

p la t� . 
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APPENDIX A 

S1.JMMARY SHEETS OF PLANT VISITS 
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Plant  Loca tion : 

Des igner : 

Date o f  Star t Up : 

Typ e o f  Coal : 

Seams Mined : 

Ou t pu t : 

Type s of Opera t ions : 

Elec trica l Equipmen t : 

Ma i n tenance : 

Commen t s : 

PLANT A 

Near P i t tsburgh , PA 

De signed by Owners 

1 9 2 8  

Bituminous 

Pittsburgh 

Over 1000 tph 

Dies ter tables , Baum j i gs ,  heavy med ia 

Minimal number o f  explosion-proot  

eq uipmen t .  Incandescent ligh t ing , 

l igh t bu lbs no t enc losed . Mos t con­

nec t ions we re in  condui t ,  howeve r ,  

the re were many cases o f  long r uns  

of  Green f i eld and rubber covered 

cable. The opera tor c on t rol room 

was in the proc ess  area,  pa rti a l l y  

enc losed  and had dus t cur ta ins a t  

ent ranc �  and ex i t  areas. 

They use a cardex f i le to log tota l 

history o f  both r o u t ine and p revP n t ive 

main tenance . The mas t e r t ime c lock  

which  rec ords  total  hou rs of  plant 

operation is used to d e t ermine opera t ­

ing hours  o n  equipmen t .  

There is a spare for each piec e ot  

l i fe l ine eq u ipmen t .  Plant  was not 

in ope rat ion when v i s i t ed .  

Arthu r D Li t t l e.  l nL.  



Plant Location :  

Designer : 

Date of Start Up : 

Type o f  Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance : 

Maximum Dust Concentration :  

Maximum Methane 
Concentration : 

Comments : 

PLANT B 

Near Minot, ND 

McNally Pittsburgh Mfg.  Co . ,  Pittsburgh, PA 

19 51  

Lignite 

Coteau (strip) 

415 tph 

Crushing , shaking , screening 

Mo tors mostly open type , with class A or B 

insulation ,  N EMA B or  C design. Enclosed 

NEMA 4 dustproof main breakers , switchboxc s 

not dust-tight. 

There is no rigid maintenance progr �m. 

Equipment maintenance is p erfo rmed only 

when there is a failure. A methane check 

is performed daily in the loading area . 

Throughout the plant, there were large 

accumulations of dust.  
J 10 mg/m , conveyor from main crusher 

trace 

The operation was dry with many dusty 

locations throughout the plant. We we re  

informed that when stockpiled coal is used, 

the operation can become so dusty that 

visibility is impaired. 

S J  

Arthur D Li tt le. Inc. 



Plant Location :  

Designer : 

Date o f  Start Up : 

Type o f  Coal : 

Seams Mined : 

Output : 

Types o f  Operations : 

Electrical Equipment : 

Maintenance : 

Maximum Dust Concentration :  

Maximum Methane 
Concentra L l on :  

Comments : 

PLANT C 

Near Bisma rk, ND 

Allen Garcia 

1964-6 5 

Ligni te 

Lignite (strip) 

1000 tph 

Crushing, shaking and screening 

Motors mostly TEFC and NEM.A B design, 

switches and mo tor control lers in c r ushe r 

pit enclosed but not sealed or dusttight . 

In tipple they wer� in an enc losed room 

relatively free from dust . Enclosures not 

sealed or dustt ight. 

General housekeeping is done daily on the 

offsh ift. Equipment is checked periodically 

but not on a scheduled bas is . The re is a 

monthl y inspection by electr ical and 

mechanical supervisors on eAch shift tn 

detect repair /maintenance work. 

3 1, 100 mg/m , conveyor at sil o  

0. 1 5% ,  bottom of main crusher pit 

Lack of water in process created many 

dusty locations. 

5 4  
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Plant Location: 

Designer : 

Date of Start Up: 

Type of Coa l :  

Seams Mined : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance : 

Maximum Dust Concentration : 

Maximum Methane 
Concentration :  

Comments : 

PLANT D 

Near Pittsburgh,  PA 

Roberts and Shaeffer , Chicago, IL 

1948, addition in 1968 

Bituminous 

Pit tsburgh 

600 tph raw coal capacity , 20% waste 

Chance Cone,  Diester tables , Froth flo tdtioo , 

Centrif ugal dr ier 

All TEFC NEMA design B or C ,  insulation 

class A or B. Approximately S l  were open 

type motors , will be replaced with TEFC. 

NEMA 4 dusttight enclosures design for 

control s  and switchgear . 

There is a regular maintenance schedule fo r 

all maj or equipment based upon operating 

hours. Housekeeping is done by a mainten­

ance man and contiists of  wet washdown and 

tiweeping. Switch boxes, controllers and 

main switch gear are vacuumed out quar t '-' rly 

to remove any dust that might have 

accumulated. 
3 7 mg/m , conveyor belt carry ing dried fines 

from centrifuge 

0. 08% , breaker and bottom floor of breaker 

The plant appeared extremely clean. This 

can be attributed to the large q uantities 

o f  water that were used. 

5 5  

Arthur IJ Li t t l e  Inc. 



Plant Location : 

Designer : 

Date of Start Up : 

Type of  Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Maintenance : 

Maximum Dust Concentration : 

Maximum Methane 
Concentration : 

Electrical Equipment : 

Comments : 

PLANT E 

Near Pittsburgh, PA 

Roberts and Shaeffer, Chicago, !L 

1953  

Bituminous 

Pittsburgh 

600 tph raw coal capacity, 20% waste 

Crushing, Water j igs , froth flotation 

Ma lntenance is based on past experi , '.nce and 

performed daily or weekly as experience 

dictates . General housekeeping (washdo-wn 

and sweeping) is done every shift by an 

assigned maintenance man. 

� 1 mg/m 3 , conveyor ( not op erating) 

O . lS t ,  bottom of silo (not operating) 

Al l N EMA B or C, insulation class A or B ;  

most were open type motors ,  will be re­

placed with TEFC. NEMA 4 dust-tight 

enclosure design for control s and Rwi t �h 

gear. 

The plant was not operating during our 

vis it due to change in shifts. The pldnt 

appeared very clean. 

5 6  
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Plant Location : 

Designer : 

Date of Start Up : 

Type o f  Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Electric Equipment : 

Ylaintenance : 

Maximum Dust Concentration : 

Maximum Methane 
Concentration : 

Counnents : 

PLANT F 

Near Pittsburgh, PA 

Jef f rey Mfg. Co . installed by Erwin-McElvery 

1961-62 

Bituminous 

Pittsburgh 

350 tph raw coal capacity , 22% waste 

Originally dry process. Converted to 

washtng plant utilizing diaphragm separator, 

dewatering screens , fines flotation tank 

and centrifugal dryer. 

Moto rn essential ly all TEFC , NEMA design B ,  

ins ulation c lass  A or B. Contr ols and 

switch gear have dusttight enclos u res . 

There is no established p rogram of main­

tenance at the p lant. Oi ling/greasing is 

done as required during operating shifts. 

Neces sary repairs are done o f E-shift unless 

a plant s hutdown has occurred. Regul. ir 

clean up is done by operators  during each 

shift . 

300 mg/rn3 inside crusher 

U. 1257:'. , crus her 

The dif ference in dust concentrations 

between the crusher room/conveyors gallery 

and the washing plant c learly indicate the 

effect o f  water in suppressing dust. Th e 

maj or probl�m relative to electrical equip­

ment is water and mechanical fail ure accord­

ing to plant operators . 

Arthur D Lit t ie. Inc 



Plant Location : 

Des i gne r : 

Type of Coal : 

Output : 

Ty pes  o f  Op erations : 

E lec t rica l  Eq uipment : 

'1a in t enance : 

PLANT G 

Near Pi t t sburgh , PA 

Jef f r ey Mfg. Co . 

B ituminous 

7 , 000 t ph  capacit y  

Fine and coarse  j igging, crush ing , 

c entrifugal d ryin g .  

� to r s  essen t ia lly a l l  TEFC , NEMA and 

d e s i �n B ,  insula t ion c lass  A or B .  Con­

trols  and swi t ch gear have dus t tight 

enc l o sures . 

Plan t was n o t  in opera t ion during  visi t .  

5 8  

Arthur D Li t t l e. Inc  



Plant Location :  

Designer : 

Date of Star t Up : 

Typc, of Coal :  

Seams Mined : 

Output : 

Tvp�s o f  Ope rations : 

Electrical Equipment : 

Maintenance : 

Maximum Dust Concentration : 

Maximum Methane 
Concentrat ion : 

Cormnents : 

PLANT H 

Near Logan, WV 

McNally-Pitt8 burgh, Pittsburgh, PA (origi­

nal) ; Dravo Corporation, Pittsburgh, PA 

(additions) 

early 1940 ' s , 197 2- 7 3  heavy media s ystP.m 

added 

Bituminous 

Chil ton , Island Creek , Winif rede, Coalbu r �h 

800 tph raw coal capacity 

Heavy media, crushing, screening , thermal 

drying 

Both open and TEFC motors were us ed, 

generally of NEMA design B or C with insu ­

lation class A or B. Motors in the d ustiest 

l o cat ions were open type , install ed when 

the plant was built originally. 

There are three shifts , each 7 -1 / 4  hours , 

two of which are maintenance shift:-, when 

maj or maintenance and cleaning arci performed . 

Cleaning consists o f  sweeping and washdown. 

1 , 200 rng/rn3, thermal dryer conveyor 

0. 161., silo 

When a motor fails, it is repl �ced with 

what is available at the plant. If another 

motor has to be ordered, it is done accord ­

ing to the latest code , which is interpr(·ted 

as meaning TEFL motors for replac ements. 

59  



Plant Location : 

Designer : 

Date of Start Up : 

Type of Coal : 

Output : 

Types o f  Opera tions : 

Electrical Equipment : 

Main tenance : 

Comment s : 

PLANT I 

Near Beckley , WV 

Roberts  and Shaeffer 

19 7 2  

Bituminous 

500 tph raw coal capacity. Approximately 

30% waste 

C cushing, screening , hydroclones , cen tri­

fugal drying 

Al l. mo tors were TEFC NEMA design R with 

insulation class B. Contro l equipment 

and switch gear were enclosed in separa t1 · 

air conditioned rooms. All dus t tight 

enclosures used. 

Records are kept on electrical repairs anrl 

greasing o f  equipment .  The electrical 

bo xes in the control room are c leaned 

every three months and inspected monthl y. 

Plant was no t in opera tion during visit 

due to change in shifts. The tour through 

the tipple did not reveal any large 

accumulations of dus t. 

6 0  

Arthur D L1 t t k :. Inc. 



Plant Location : 

Designer : 

Date of S tart Up : 

Type of Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance : 

Maximum Dus t Concentration : 

Maximum Methane 
Concentration : 

Comments : 

PLANT J 

Near Charleston , WV 

Daniels 

1966  

Bituminous 

No. 2 Gas 

300  tph capacity 

Screening, crushing , heavy media 

Motors wer e  a mixture of both open and 

TEFC, NEMA design A,  B, and C, insula tion 

class A and 8 .  Control/switch gear was 

enclosed in a separa te room. Mos t enclos­

ures NEMA 4 ,  some simply sealed with felt 

gasket. 

General housekeeping consisted of �weeping 

down the plant once a day during the work 

shift and wash down about every couple of 

months . 

19 mg/m 3, tunnel under silo 

0. 08% ,  tunnel under silo and wet screens 

Again the effect of water on supp ressing 

dust was evident. When motors have to be 

replaced , they use what is available. If 

motors have to be purchased, a duplicate 

of the failed motor is used. The replace­

ment of swi tch gear is done in the same 

way except that if the equipmen t has to  

be purchased , they sometimes replace it  

with updated equipment. 

61  
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Plant Location : 

Designer : 

Date of Start Up: 

Type of Coal : 

Seams Mined : 

Types of  Operations :  

Electrical Equipment : 

Maintenance: 

Maximum Dust Concentrat ion : 

Maximum Methane 
Concentration : 

Comments : 

PLANT K 

Near Charleston , WV 

J. O. Lively Manufacturing and Equipment 

Company 

1971  

Bituminous 

Eagle, Winifrede 

Heavy media, thermal drying 

All but one motor are TEFC NEMA design B 

or C ,  with insulation clas s A or B .  The 

one exception was an explosion-pruof 

motor on the new coal conveyor which w�n 

a NEMA B motor with Class B ins ulation . 

Control/ switch gear were both contained 

in separate air conditioned rooms with 

slight positive internal pressure to 

minimize dust infiltra tion. Encl osure s 

are all dusttight. 

There are three shifts, two productiun and 

one maintenance. Maintenance includes 

sweeping and wash down to keep the level 

of dust down. There is a scheduled grea sing 

procedure based on tim� in lieu ot 

operating hours. 

7 mg/m3 , bottom of silos 

0.08%, bo ttom of silns  

Replacements of  electricnl equipment are 

made with the same type of unit. Dust 

levels throughout the plant were v�ry low. 

6 2  
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Plant Loca t ion : 

Designer : 

Type  of Coal : 

Seams Mined : 

Output : 

Types of  operations : 

Electrical Equipment : 

Main tenance : 

Maximum Dust Con cen tration : 

Maximum Methane Concentration : 

Comments : 

PLANT L 

Near Central City, PA 

Designed by Owners 

Bituminous 

Lower and Up per Kittanning 

130-140 tph 

Heavy media, Deister tables 

All motors are TEFC rno tor8 e xcept one 

which is an open motor loca ted under 

th� raw coal dumping bin t o  drive the 

bin gate. Switch gear is in a separa te 

though not tight room. Air conditioning 

and a slight p ositive pressure are used 

to minimi ze dust infiltration. Control 

panel is open to the process in d ust­

tigh t enclosures. 

Housekeeping performed during the pro­

duction shift consis ted o f  sweeping  and 

wash down. Dust is sometimes moved with 

air from compressed air lines. During 

main tenance, equipment is greased, and 

any wo rk such as process changes is pe r­

fo rmed. Maintenance is not sched uled . 

Personnel try to "ca tch" any f ailures 

before they happen. 

940 mg /m3, dumping bin 

0. 11%, dumping bin 

If a motor has to be replaced, it would 

be replaced with a TEFC motor because 

of the large amounts o f  water present 

throughout the p lant . 

6 3  
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Plant Location : 

Designer : 

Date of Start Up : 

Type of Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance : 

Maximum Dust Concentration : 

Maximum Methane Concentration : 

Comments : 

PLANT M 

Near Central City, PA 

Ridge Equipment 

1962 , 19 7 4  second air j i g added 

Bituminous 

Upper , Lower and Midd le Kittanning, 

Upper and 1 ,ower Freeport 

7 0-80  tph 

Screening , breaking , air j iggin g 

All motors accessible to insp ection 

where TEFC NEMA design B insulation 

class A or B (one motor was class F ) . 

Control / swi t ch gear was generally lo­

cated adj acent to equipment to be 

operated . Enclosures were mostly dust­

tight. 

Maintenance is done as needed. Electri­

cal boxes are cleaned ab out once p er 

week. 
3 130 mg/m , breaker, dry screens 

0.09%, breaker 

Motor replacements are made with duplicate 

equipment. 

64  
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Plant Lo c a ti on :  

De signe r :  

Da te  o f  S tar t Up : 

Type of Coal : 

Outpu t : 

Types of Operations : 

Ele c t ri cal  Equ ipme n t : 

Main t enance : 

Maximum Dus t Concen t ra t i on : 

Maximum Methane Concen tra t ion :  

Commen t s : 

P LANT N 

Near S cranton , PA 

Des i gned  by  Owners 

1945  

An t h raci te 

1 10-115 tph 

Scalping s c reens , Dies ter t able s , hyd ro 

sep aration 

Motors wi t hin t he plant  were e i t he r  open 

d r ip proof or TEFC , in a ra t io o f  a pproxi­

ma t e ly 2 to 1 TEFC . Swi t�hes -s t a r t � rs  

and  control boxes are du st-t igh t . 

There is no pre s cribed main tenanc�  

s chedule for any  equ ipme n t . Oiling/  

greas in g is performed as requ ired d ur in g  

opera t ion , a s  is any cleanup work neces­

sary t o  elimin ate h azardous cond i t i ons . 

2 m g / m  , picking table 

Trace in s t orage b in , s creens , p ic k in g  

table . 

Failed  mo tors are rep l aced  wi th a � imilar 

s i ze TEFC motor . The se new motors a re 

lar gely NEMA des ign B .  Very l i t t le air­

borne dus t was p resen t .  Th e re were 

patches o f  coal slud ge d ue to sp ills . 

Much of the  exis ting wiring was n o t  run 

in conduit .  

6 5  

Arthu r  D Li t t l e. lrx. 



Plant Location : 

Designer : 

Date of Start Up : 

Type of Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance : 

Corrunents : 

PLANT 0 

Near Scranton, PA 

Designed by Owners 

19 4 7  

Anthracit�  (s trip mined) 

Primrose . Holmes, Four-Foot Vein 

300 tph raw coal capaci ty  (app roxi­

ma tely 50% waste) 

Heavy media washer, screens 

Explosion-proof, TEFC  and open mo t ors 

are used in tipple 

Saturdays and Sundays are maintenan ce 

days , both scheduled and general re­

pairs are perf ormed. General house­

keeping is done during the production 

shi f t. No methane checks are made. 

The plant was not in operat ion during 

the visit due to equipment fai l ure. 

When there is equipment failure, ro?lace­

ments are made with what is avail�ble. 

66 
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Plant Location : 

Date of Start Up : 

Type of Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance : 

Maximum Dust Concentration : 

Maximum Methane Concentration : 

Comments :  

PLANT P 

Near Scranton , PA 

19 47 , 1960 changed to heavy med1 a sys­

tem , 1970 Diester tables added . 

Anthracite 

Mammoth Vein (both s plits ) and Skj dmore 

Vein 

100 tph raw coal capacity , approximately 

25% waste. 

Heavy media, Diester tables 

Motors are either open or TEFC, ND1A 

design B and on newer motors insulat lon 

class B. Switches/ control panels an· 

enclosed, s ome are d ust-ti ght . Those 

da ting from the original installation 

did not appear d us t-tight. 

There is no regular sched ule for equip­

ment maintenance . Oiling /greasing are 

performed during and after operating 

shifts are required. Clean up to remove 

spills or other dirt / grease/oil is don(· 

as required during shifts. A general 

p l ant cleaning is done after shifts and 

consists mainly of a sweep down. 

30 mg/m , dry s creens, breaker 

0 . 09 % ,  coal storage area 

Electrical equipment is kept up to date 

with codes by an agreement with the motu r 

sales people , who guarantee that the 

motors will meet the approval of the 

inspectors. 

67 
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Plant Location : 

Designer: 

Type of Coal: 

Seams Mined : 

Ou tput : 

Types of Equipment: 

PLANT Q 

Near Beckley, WV 

Roberts and Shaef fer 

Bi tuminous 

Pocahontas 3 and 4 

2 30 tph clean coal 

Froth cells , Centrifugal dryers, thermal 

dryers , heavy media , screens , crushers , 

clean coal s torage. 

The purpo se of t his visit wa� to ins pec t a prepa ra tion  plant which  had 

been cited by MESA for having a high rnethanc: c o n cen t ra t ion. Thi:! inspec­

t ion  was made with a MES A electrical ins pectu r .  Max .imum m� thane concen­

L ra cions  encountered were 0.2! in the s ilo. 

68 
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Plant Loca tion : 

DP.signer : 

Date of Start Up : 

Type of Coal : 

Seams Mined : 

Output : 

Tvpes of Operations : 

Electrical Equipment : 

Maintenance :  

PLANT R 

Near Billings, Montana 

J .  0. Lively Manufacturing and Equip­

ment Company 

August 1972 

Sub-Bituminous 

Dietz ( 5 2  in) 

3 , 000 tph at tipple , 6 , 000 tph at load 

out 

Crushing, screening, storage and unit 

train load out 

Switch gear ar� normal enclos ures in 

pressurized rooms. There are no ex· ·  

plosion-proof motors, mostly TEFC. On 

top and bottom of the silo are dust 

ignition -proof motors . There is a con­

tinuous methane monitoring system under 

the storage silos. At a CH4 level o f  

0. 8%  of air, there is a warning and � L  

1.8%  the system shuts down the feeder 

under the s ilo. 

Methane checks are conducted at dif ferent 

locations three times a day , one at the 

be ginning of every shift . Housekeeping 

is done every shift . Washdown is carried 

out during nine months of the year . 

During winter the plant is swept. Si los 

are s wept and cleaned a fter every train 

if possible . Equipment maintenance is 

done every night. 

6 9  
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Maximum Dus t Concentration : 

Maximum Methane Concentration : 

Commen ts : 

3 2 , 180 mg /m , Conveyor 

0. 16% , top of silo 

Two of the plant electrical supervisors 

thought that below and on top of a bil0 

should be Class I ,  Divis ion 1 (and  if 

ventilated Division 2 ) .  Everywhere 

e lse should be Class II. In the sununer 

months , operations can become so dus ty 

that visibility is impaired . 

7 0  
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Plant Location : 

De signer : 

Date of Start  Up : 

Type of Coal : 

Seams Mined : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance : 

PLANT S 

Nea r  Billings ,  Montana 

Designed by Owner 

Tipple 1969, added coal storage and unit 

train load out 1 974 .  

Sub-Bituminous 

Ros ebud ( 32 in) 

1,200 tph at  tipple ,  4 , 000 tph at load out 

Crushing, screening, storage, unit train 

load out. 

General purpose swi tch f ear and controls 

are installed in press urized rooms. Ex­

p los ion-proof equipment is used in the 

reclaim tunnel, p low area , and fo r fans in 

the load out area and reclaim tunnel .  

Tube cooled totally enclosed motors are 

us ed in the load-out area. Lights are 

vapor tight except  for the reclaim 

tunnel whe re explos ion-proof lights are 

used. Totally enclosed dust ignit ion­

p roof motors are used  above the silo. 

The tripper motor is both exp los ion 

proof and dust ignition p roof. OutsiJe 

motors �re total ly enc l osed, drip- and 

weathe r-proof. 

Methane checks are conducted once pe r 

shift. The plant is washed duwn eve ry 

s h i ft and after every train . In free zing 

weather, sweeping and shove l ing are per­

formed in lieu of washdown . There is no 

scheduled maintenance p rogram . When pro­

duc tion stops the crew works nn main­

tenance . A cont inuous me thane moni tor  

sys tern is  used in  the coal s to r . 1ge area. 

Arthur D Li t t l e. Inc 



Maximum Dus t Concentra t i on : 

Maximum Methane Concent rat i on : 

Commen t s : 

3 12 2 mg /m , S i l o  conveyor 

0 . 14% ,  top of  s i lo 

Water is added at the  s creens , h � ad pulley 

and a fter the c rus her .  The opera t or 

feels that the tunnel and above r he coal 

storage area should be  Clas s I ,  Divisi on 

1 .  The train load -out  s urge bin and con­

veyors s hould be C lass I I , Div i s ion 1 .  

Arthu r D L1 t t k· Inc  



P l  an t Loca tion : 

Des igner : 

Da te of Start Up : 

Ty p e  o f  Coal : 

S eams Mined : 

0u tpu t : 

Types o f  Op era t ions : 

Ele c t r i c a l  Equipmen t :  

Maintenan ce : 

Maximum Dus t Concentrat ion : 

Maximum Me thane Con cen tra t ion :  

Commen ts : 

PLANT T 

Near Gillet te , Wyoming 

McNally Pittsburgh , Pitts b u r �h , P A  

195 7 

Sub- Bi t uminous ( 12 x 5 ;  6 x 3 ;  l 1 / 2 x 3 

n u t ; 1 1 / 2  x O s lack ; l 1 / 2 " and l "  

stoke r ; 1 1 / 2 "  pea , 2 x O )  

Armstrong ( 50 in ) , Monarch ( 5 0 in ) 

7 00  tph capac i t y  

Crush in g , s creen ing , uni t t r ai n l o a d  out 

About one third was explos ion-proo f 

motors , a third  dust-proof  and the  re ­

mainder op en motors .  

Methane checks are c onducted  firs t in  

the morning , be fore star t up  in th e crush�r  

area and top end o f  f eedbe lt . Th ere is  

no s cheduled eq uipment ma intenance . I t  

i s  done as ne ces sary . Housekeeping wh i ch 

consis ts  of sweeping and shovelin g L s  

con <lucted  once a week . 
) 5 2  mg /m  , below s to rage bin 

0. 18%,  bot tom of storage b in 

The companv in t erpr0 t s  t he NEC t o  a l low 

open  motors in open areas and du� t -p roo[ 

mo tors in c on fined a reas . Wa t e r  is  ndded 

j ust  before the crus he r and at the mi uint 

pit  i f  needed. The p l an t can  get very  

dus t y ,  e s pec i n l ly d u ring the firs t f i ve 

minutes  o f  s t ar t up . The win t e r  mon ths  

a re not very dus ty .  Oi l is s prayed on 

th� coa l  j us t  he fore l oad ou t to keep 

down dus t levels in domestic coa l d e ­

liverie s . 

Arthu r  l) Li t t l e. I nc  



P la n t  Lo c a t ion : 

Des igne r : 

Da te o f  Start U p : 

Type o f  Coa l : 

Seams Mined : 

Ou t p u t : 

Ty pes of Operations : 

E l ectri c a l  Eq uipment : 

Ma in tenan ce : 

Maximum Dust C on centration :  

Ma ximum Me thane Concent ration : 

Comments : 

PLANT U 

Near Bil lings , Mon tana 

S t e rns , Roge r ,  Denver an d  Robb ins  Con ­

� t r uc tion and En gineers , NJ  

1 9 7 5  

Sub-Bituminous ( 1 1 / 2  x O )  

Rosebud ( 2 80 in ) 

2 , 500 tph a t  t ipple , 4 , 000 t ph  a t  loa d  

ou t 

C rush in g , sc reening , unit - t rain lo ad 1 >u t . 

Reclaim t unnel e q uipmen t all is  C l a s s  I 

Division 2 .  The res t o f  the eq uipmen t 

is  r. las s I I . Swit ch gea r  and con t rols 

a re in p ressu r i zed rooms .  

Methane checks are conduc ted  on ce per 

sh i ft in the re claim t unnel . Swi t ch 

boxes are va cuumed as necess ary . Th� 

load-out area is  washed duwn a f t e r  e v1 · ry 

t ra in . The re8 t  o f  t he  p lan t i H  c leaned 

as ne ce :c;sary . 

4 36 rng /m , below d umping bin  

0 . 1 1/ ,  d ump in g  p it 

A forced ven t i l a t i on system f o r  t he r e ­

claim tunnel wi l l s oon b e  ins t all ed . 

Be fore construction was s tar ted , the  

company app roached  MESA  wi t h  the  drawing �-; 

t o  s ee h ow MESA expec ted t o  c las s ify  

t heir  p lan t . The p l an t  c an  be very d us ­

ty in the sunune r  when t he p r ocessed coa l 

is dry . Nu wa t e r  i s  used for d us t s up ­

press ion . Foreman s a id that the ope r­

at ion can  be come so d us t y t h a t  vis ib i lity  

is imp ai red . 

7 4  
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Plant Location : 

Designer : 

Date of Start Up : 

Type of Coal : 

Output : 

Types of Operations : 

Electrical Equipment : 

Maintenance: 

�1aximum Dust Concentration: 

Maximum Methane Concentration : 

Comments : 

PLANT V 

Near Steamboat Springs, Colorado 

Des i gned by owner 

December 1974 

Sub-Bituminous (3 1 /2 x O and stoker ) 

125 tph 

Crushing, screening, unit train load out 

In the t ipple all motors are dust-ti,\ '.ht 

except one open drip-proof motor. In 

the finished coal reclaim tunnel only  

explosion-proof equipment is used. Con ·· 

trol boxes are all dust t i ght NEMA 1 2 .  

Methane checks are done only when the 

reclaim system is started. A daily 

maintenance book is kept by the company. 

A complete plant washdown is done once 

per week. Equipment maintenance, lub­

rication and electrical equipment main­

Lenance are performed once per month. 

2 25 mg /m3, load-out building 

0.19%, draw-off tunnel (not operating) 

I f  a motor fails , the motor wou ld be 

replaced with its duplicate. The com­

pany relies upon an outside electrir ian 

to interpret the NEC . MESA has classi i ied 

the plant as Class I I , Divis ion 1. 
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Arthu r D Lit t le.  Inc 



Appendix B 

Dus t Levels at _ _R_!�paration Plants 

Plant A 

No measurements were taken. Plant not operating 

Plant B 

Dump ing b in 
Dumping bin (near motor) 
Conveyor from main crusher 
Conveyor from main crusher to shaker 
Main control b oard 
Trans fer conveyor foll owing shut down 

Plant C 

Crusher (not operating) 
Crusher ( operating) 
Crus her (near motor, operating)  
Conveyor from crusher 
Conveyor at si lo 

Plant D 

Conveyor (carries dried fines from centrifuge ) 
Bottom floor of  tipple 

Plant E 

Conveyor (not operating) 

Plant F 

Centrifuge (2 1 from motor ) 
Clean coal conveyor 
Raw coal conveyor 
Crus her (next to  motor) 
Crusher (inside crushe r) 

P lrm t G 

Meas urements were not taken be cause plant  was not 
operating 

7 6  

Dus t Concentration 
3 

mg/m 

8 
4 

10 
6 
2 
5 

13 
40 
13 

120 
1 , 100  

7 
3 

3 
1 

3 3  
13  

300  
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PJ an t H 

Raw coal silo (motors on top , explosion-proof 
swi tches inside) 

Raw coal transfer tunnel (explosion-proof 
lights inside) 

Thermal dryer conveyor 
Clean coal crusher (open motor) 

Plant I 

Measuremen ts were not taken because plant was not in 
operation 

Plant J 

C lean coal conveyor 
Wet screens 
Bottom of breaker 
Raw coal silo draw off tunnel (l ' from elec tric box) 

Plant K 

Bottom of silos 
Raw coal conveyor belt 
Diester tables, wet c rusher 

Plant L 

Dumping bin (l ' from belt roller, disturbing dust layer) 
Dry screen (1' from motor)  

Plant M 

Breaker (3 ' f rom electrical box ) 
Dry screens and breaker 
Air tables 
Air cable cyclone 

Plan t N 

Screens 
Picking table 
Under picking table 

Plant 0 

Measurements were not taken because plan t was not in 
opera t ion 

7 7  

Dust Concentration 

mg/m3 

14 

3 
1 , 200 

32 

1 1  
3 

· l  
19 

7 
3 

<2  

940 
5 5  

95 
130 
80 
<5 

<2 
2 

,. 2 
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PLm t P 

D ry  s c reen s , breaker 

Plan t Q 

Measuremen ts were not t aken . 

Plan t  R 

Below c rusher ( load ou t )  
Conveyor t o  silo ( near rol ler ) 
Samplin g  area 

P l an t S 

Re claim tunne l 
Dump in g p i t  
Convevor to si lo 
Ins ide  S i lo ( a t  level o f  coa l )  

P lan t  T 

D ump in g p i t  
Below s t orage bin 

Plan t e 

Be low dumpin g b in 
Above  s to ckpile a t  end o f  load -out  convey or 

(windy con d i tions ) 

P lan t V 

Be low raw coal dump ing bin 
Below p rima ry crusher 
Load-ou t b uil d in g  

* Sample cont aminated  wi th  large pieces o f  coal 

7 H  

Du s t  Con cen tr a tion 
3 

mg/m 

30  

6 4 7  
2 , 180 
2 ,0 2 3  

4 7  
6 3  

122  
2 8  

3 9  
5 2  

4 3 6  

1 4 , 7 4 1 *  

7 3  
1 5 4  
2 2 5  
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Appendix  C 

Methane Levels a t  Prepara tion P lan ts 

Pl an t  A 

Meas urement s  were not  taken . P lant not in operat i on. 

Plant B 

Be low main crusher 
Tran s fer conveyor from main crusher to shake r  
Ma i n  con t rol b oa rd 

Plan t C 

Main crushe r  (not operat in g ) 
Main cr usher (operatin g )  
Main crusher ( near moto r ) 
Bottom of main crusher p i t  
Tipple crus her 
Conveyor a t  s i lo 

P l an t  D 

Bult convevor (carri es dr ied f ines from centri fuge ) 
Top f loor of breaker 
Bot t om  floo r o f  breake r 

P lant E 

Conveyor  ( t op f loor of pl an t ) 
Bot tom o f  s i lo (no t operat i ng ) 

Plan t F 

Under  cen t rifu ge dryer ( 2 '  from mot or ) 
Clean  coal  conveyor 
Raw coal conveyor ( 5 '  f rom conveyor motor ) 
Crush e r  

* Les s than 0 . 0 5 %  me thane i n  air  recorded as trace 

7 9  

% Me thane in a ir* 

t race 
t rac e 
t r a c. e 

t race 
0.08  
0 . 1 2 
0 . 1 5  
0 . 06 5  
0 . 0 6 5  

0 . 0 8  
0 . 0 65  
0 . 0 8  

0 . 1 2 5  
0 . 15 

0 . 0 8 
0 . 0 8 
0 . 115  
0 . 12 5  
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P lan t C 

Meas uremen ts were no t taken because p l an t  was no t 
in operation 

Plan t H 

Trans fer House 
Silo  
Long  s torage s i l o  
Finished  coa l  c rushe r ( J s ides  enc l os e d )  

Plan t I 

Meas urements wer e  no t t aken bec ause p lan t was n o t  
in opera t ion 

Plant J 

S ump room 
C le an c oal bel t 
We t s c reens 
Bo ttom o f  b re aker 
Top o f  b reaker 
D r aw o f f  t unnel und er  silo  

P lant  K 

Bo t tom o f  silo 
F roth t anks 
Wet  co al  crusher (wet coal)  
Raw coal d ivider sh ute 

Plan t L 

Dump i ng b in 
Dry s creens 
Top o f  3 s i lo� (abou t  2 / 3  full) 

P l ant  M 

Dumping b in 
Breaker ( 3 ' f rom e lectrical  b ox )  
Breaker  (nea r mo to r) 
Ai r tab le 

Plan t  N 

Stora ge bin  
S creening (no t ope r a t in g )  
P icking t ab le 

8 0  

% Me thane in  air 

t race 
0 . 1 6 
t r ace 
t race 

t race 
trace 
0 . 06 5  
0 . 08 
0 . 06 5  
0 . 0 8 

0 . 08 
0 . 0 6 
0 . 065  
0 . 065  

0 . 105  
0 . 08 
0 . 09 

t race  
t race 
0 . 09 
0 . 08 

t r ac e  
tr  ac P. 
trac P. 
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P lan t 0 

Measuremen t s  were not t aken be cause p lan t was not  
in  opera tion 

P lan t P 

Dry s c reens -breaker 
Storage a r ea 

P la n t  Q *  

Top o f  silo 

P lan t  R 

Above crushe r , be low t ruck dumping  pit 
Top o f  silo 

P lan t  S 

Re claim tunne l 
Load ou t b u i lding 
Dump ing p i t 
Conveyor  to  s i lo 
Top of  s i lo 

P lant T 

Dumpin g  pit 
Bo t tom o f  s torage bin 
Top o f  s c reen in g b u i lding 

Plant U 

Dumping p it ( 2nd level ) 
Dumping p i t  ( 1s t  level )  

Plant V 

Be low raw coal d ump in g bin 
Above raw coal dumpin g bin 
Below p rima ry crushe r 
Bag house (not operatin g )  
Load out  buildin g  
Re cla im tunne l (not  ope r ating) 

% Me t h ane in air 

0. 0 8  
0 . 0 9 

0 . 20 

t ra ce  
0 . 16 

tra ct:  
0 . 0 9  
0 . 09 
t race 
0 . 1 4 

0 . 0 9 
0 . 1 8  
0 . 1 4 

0 . 1 2 
0 . 0 8 

0 . 05 
0 . 10 
0 . 10 
0 . 10 
0 . 05 
0 . 19 

* This p l an t  had  b een c i t ed b y  ME S A  fo r  having a high methane c o n-
cen t ra tion . 
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AP P ENDIX D 

Cal c ul a t ion  o f  the Sa fe S epara t i on Dis t ance 

f rom  a Methane Source 

The s a fe s e p a ration d i s t ance  f rom  the top of a s i lo in to wh i ch 

coal  is b eing conveyed was c al culated  fo r va r io us coal flow ra tes  and 

s i lo me t hane concen t rations us ing an anal y tic al vapo r d i s p e rs ion 

techniq ue called the "virt ual  source  mo d el. "  

The system unde r  cons ide rat ion i s  a silo into whi ch coal i s  con­

veyed a t  a c e r tain mas s  f low ra t e. As i t  f a l ls , the  co al  repl aces  an 

e q u . 1 1  vo l ume o f  t he a i r / me t: h  .. .me mix t u rL! presen t in che s i lo . The air /  

methane mix t ure leaves the  top  opening of the s i lo and is dispers ed by  

t he  p revail ing win d . O f  particular concern  he re i s  the maximum dis ­

tance f rom the sour ce o f  me t h ane ( t op u f  s ilo  o pening )  to whe re the 

�oncen t ra t ion d rops  to a sa fe leve l . Th is  cal c ul a t ion is highly depen­

d en t  on  t h e  a ssumed met h ane c oncen t ra t ion in t h e  s i lo ,  t he  concen t ra ­

t ion  co n s i de red t o  b e  the safe leve l  and wea t h e r  �ondi t ions . 

Th ree me t hane concentr atio ns i n  the s ilo we re  c on sidered : 5 ,  10  

and 15%  (b y  vo lume ) . The se val ues were chosen bec a use  they were  b� ­

l ieved to  be  typic al  o f  tho s e  encoun tered in p rac t l ce .  

The s a fe concentra t ion for  me thane in a i r  was taken as 1 7. Th is  

is  the  val ue us ed by MES A for dete rmining  compli ance  with  present Fed - ·  

e ral Re gul atio ns. Al thou gh the lower t larmnable l i mit for me t hane in 

air i s  abou t 5 % , a lowe r s a fe level o f  1 %  a l lows for concen t ra t ion f l uc ­

t ua t ions i n  a i r  and p rovides a conservat i ve es t imat e  o f  s a f e  separa t io n  

dis t an r. es . 

The we a ther condi t ions  were cho s en so tha t maximum safe sep a ratiun 

d i s t an c e s  are calc ula t ed for  the dis pe rs i o n  of a vapor in a ir . In ai r 

pol lut ion s t udie s , thes e condit ions  are cons idered to be a l ow s t eady 

*De fined as t h e  distanc e b e tween a source  o f  flammab le  gas emis s io n  and 
the  p o int  at which  ign ition s o u r c e s  may b e  p resen t wi th l i t t le l ike li­
hood o f  ign itio n . 
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wind s peed o f  about 2 me ter /second and a mod e r a t ely  s t able  atmo s phere  

( a tmosphe re F) . 

The vir t ual  s ource techniq ue cons ide rs t he  me t hane a t  t he s i lo 

op enin g t o  b e  c oming from  a fic t i t ious ( v i r tual ) p oin t source s ome­

whe re upwind of  the a rea  source ( see Figure D . l ) . 

Source 
( t o p  o f  s ilo ) 

F igu re  D . l : Vi rtua l  Source  Techniq ue 

Vir t ual 
Sou rce  

The certer l i ne ( maximum) concen t ra t ion away from an elevat e d  poin t 

so urce is  given by  

C == Q 

2 7T O  O U 
y z 

D. l 

whe re : Q = ra te o f me t h ane generat ion at the so urce (g mole/ secon d )  

U = wind speed (me ter / second )  = 2 m / s  

cry , o 2 • d i spers ion c oe f f icien t s  ( m) 

3 C = c oncentration of  met h ane ( g mo l e / m ) 

8 3  
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The dis p e rsion coeff icients o and � are  fun c t ions of t he  atrno s -
Y z 

pheric  con d i tions and downwind dis tanc e f rom  the  so ur ce .  Thes 1.: c o -

ef t i c ients a re gi ven i n  t he l i t e rat ure . Fo r mode ra tely s t ab le a trnos ·-

phe re  F , the re la t ions hip  be tween d i s t ance and t he produc t 

given by 

X = 24 ( o  o ) 0 . 6 
y z 

_; 0 y z is 

D . 2  

The value o f  ( o  o )  at t he vi rtual s ourc e was c alculated tram : y Z 0 

( a  a ) 
Y Z 0 

Q (g mole me th ane / s )  

2 n ( 2 m/ s )  (C g mo le / rn3 ) s 

= V 
2n 

D . J 

wh e r1.: V __g__ '-' volumetri c  f low rate o f  a i r  at the  s o u r c e  ( 1 i: 3 / s e cund ) 
C 

J 
C = concentra t ion  o f  met hane at t he so urce ( g  mo le/ m ) s 

The ai r /me thane emission f rom tht! s i l o  opening is di rec t ly rel a t vd 

to the· r a te o f  co al i n troduc tion  in to the s i lo .  Fo r  a given  mas s  flow 

r : 1 t e  o f  coal, and us ing an a verage dens i t y  o f  7 5  l b / c u f t  fo r <.:Q a l , 

the volume t ric flow rate i s  calcula ted . Th i s  f low rate i s equ i v a l ent 
. 

3 t o  the vo lume t r ic flow rate o f  d i r  ou t o f  the s i lo , V (m o f  air / s ) . 

For a given co al  ma s s  flow r a l �  t he fo l lowing p ro c�dure  was used : 
. 

3 1 . Cal culate t he volume t r i c  flow rate o f  coal , V ( m  / s )  

2 . S ubs t i tu t e  i n  equa t i o n  n . 2  and cal culate ( . : J )  
y Z 0 

J .  l ' s ing eq ua t i o n  u. 3 calcula t E· X b e twe en  t he ac t ual and v i rtual 
0 

sour ce s .  

4 .  Cal c ul a t e  Q ( g mole methane / s )  a t  the s o urce . 3 . .  1 Q = V ( m  / s )  x C (g  mol e / m ) s 

*See  Chap t e r  3- 3 : "Atmospheri c Di f f usion Models and Appl i c a t ions in 
Me tero logy and Atomi c Ene rgy 1 9 6 8 " , David H .  Slade , ei d to r , U . S . Atomi l '  
Ene rgy Commi s s lon , Di vi s ion  o f  Tec hni cal I n format i o n , TI D-24 190 , ( 1 % 9 ) . 

8 4  
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5. Calcul ate  cr cr f rom equation D . 1  whe re C is the equ ivalent 
YJ

Z 

( in g mo l e / m ) to  1 . 0 mole  l. 

6. Using  e qu a t ion  D. 2 calculate X
l ? ' whe re x

1z i s  t h e  d i stance 

be tween the po i n t  at which t he s a f e  level of 1 %  is  reached 

and the vi r tual po i n t  s o urce. 

7. The d i f f e rence b e tween x
1 7. and X

0 
is the  s a f e  sepa r a t ion  d i s ­

tance f rom the  act ual source ( re fe r  to Figure D . l fo r dis t ance 

iden t i f i ca t io n ) .  

Figure D . 2  summ: 1 r i zes t hl.'. resul ts o f  these cal culat ion s . 

8 5  
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PART I I  

RECOMMENDED GUIDELINES 
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l. INTRODUCTION 

The inherent presence of airborne and layered coal dust in coal prep­

aration plants and the potential for methane generation and accumulat ion 

within certain locations make it imperative that the appropriate electrical 

equipment be selected and used and that it be continuous ly maintained in 

a safe condition. Although to date there has been very few serious f lre 

or explosion incidents involving electrical equipment in coal preparat ion 

plants, the poten tial for an incident resulting in inj ury to life and 

damage to property is high . 

Title 30, Chapter 3, Part 7 7  of the Code of Federal Regulations 
1 1 • • •  sets forth mandatory safety standards for bituminous, anthracite ,  and 

lignite surface coal mines , including open pit and auger mines ,  and to the 

s urface work areas of underground coal mines, pursuant to Section 101 (i) 

of the Federal Coal Mine Health and Safety Act of 1969. " Surface work 

areas are interpre ted to include coal preparation plants. 

Several references are made in Subparts C and F of these Regula t lons 

to the selection, use and maintenance of electrical equipment at these 

facilities. The Regulations refer to the National Electrical Code for the 

classification of hazardous locations.  However, the de finitions provided 

in the National Electrical Code for Class I and I I  hazardous locations are 

subj ect to personal interpretation when applied to coal preparation plant� . 

The following recommended guidelines for classifying hazardous loca­

tions in coal preparation plants are intended primarily for the use of MESA 

inspectors. However, the guidelines should be equally useful for operators 

and designers of these facilities . 

It is not the intent of these guidelines to comment on speci fic sec­

tions of the National Electrical Code or to s upercede other guidelines 

issued by MESA. The intent is to furnish clarifications to MESA lnspec­

tors , operators and designers rela ting to the electrical classification of 

hazardous areas , the permissible electrical equipment that may be used and 

the techniques that may be implemented for downgrading a hazardous locat lon. 
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Reference is  made in the following s ectlons to various NEMA clas s l­

ficati ons for industrial control apparatus enclosures . The purpose is to 

identify specific types of equipment whi ch may be us ed in hazardous loca­

tions. For those items which have no designated NEMA clas sification, 

approval or listing by re cognized testing lab oratories (e.g . , Factory 

Mutual , Underwriters ' Laboratorie s )  for use in speci fic hazard ous lo­

cations is acceptable. 

It should be kept in mind that an "approved " e lectrical device or 

equipment must be maintained in a condition slmilar to  that under which 

it  was originally tested and approved. Improper main tenance and repair 

constitutes an invalidation u f  the original approval. Ins p e c t ors s hould, 

there fore , ensure that an electrical d evice or  equipment meet the require­

ments implied by the rating or classifi cation imprinted on it. 

8 9  
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2 .  CLASSIFICATION OF HAZARDOUS LOCATIONS 

2. 1 GENERAL CONSIDERATIONS 

Obviously ,  no fast and hard rule can be specified for classifying 

hazardous locations in all coal preparation p] ants . The types of unit 

operations employed at the se plants differ. The layouts, ages and types 

0f coal processed vary from one plant to another . Furthermore, certain 

plants employ hazard mitigating techniques while others do n ot .  It i s  

important, therefore, to consider each room , se ction, or area of every 

coal preparation plant individually to determine the c lassification suit­

able under the conditions existing or proposed for that plant . 

2. 2 CLASS I HAZARDOUS LOCATIONS 

2. 2 . 1  Class I, Division 1 

Class I ,  Division 1 locations in coal preparation plants are those 

in which hazardous concentrations of methane may exist continually , in­

termitten tly , or periodically under normal operating conditions. Typical 

Class I, Division 1 locations in coal preparation plants are : 

• Unventilated pits and conveyor tunnels  below coal storage silo�, 

s tock-piles and surge piles ; 

• Unventilated coal storage silos ; 

• Unventilated pits or buildings containing raw coal ( primary) 

crushers ; 

• Unventilated enclosed buildings on top of storage silos. 

2. 2 . 2 C lass I, Division 2 

Class I ,  Division 2 locations include those locations where hazardous 

concentrations of methane would occur in the case of an accident or un­

usual operating condition . Typical locations would include areas which 

may be "properly ventilated" but in which hazardous concentrations could 

accumulate i f  the ventilation svstern accidentally failed. Also, areas 

which are "adjacent" to Class I ,  Division 1 locat ions are considered 

Class I ,  Division 2 locations. These are usually encountered :  
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• near the tops o f  silos ; 

• a t  the end o f raw coal conveyo r t unnels below s tock  p iles , s i los , 

s urge p iles and coa l s t orage areas ; 

• enc losed rooms , s uch as cont rol rooms . 

2 . 2 . 3  Ele c trical Equipment for  C lass I Lo ca tions 

Ele c t rical eq u ipment  f or  use in Clas s I lo cat ions at coal prep ar ­

a t ion p l ants mus t  either  be : 

• exp losion-proo f and approved for use  in methane ( Group D )  a tmos ­

pheres ( refer to  Section 2 . 5  for d efinition of explos ion-p roo f ) ; 

o r  

• o f  spe c i al desi gn and cons t ruc tion ,  such  as t h e  purge d- type , 

where the introd uction o f  c lean air or  an iner t ga s preven ts the 

ent rance  of me t h an e  in to the e quipmen t ;  or 

• int rins i c al ly-sa f e , des i gned  t o  be incapab le  o f  releas ing s uf­

ficient ele ctrical ener gy under nonnal or abnormal cond itions 

to cause ign ition of me thane .  

Imaginat ive layou t o f  ele c t ri cal installations for Clas s  I locat ions 

f reque n tly allows the d owngrading of the haz ard c lass i ficati on , th us re ­

ducing the need for special equipmen t .  This  may be accomp lishe d as fol­

lows : 

• Loc a t i on o f  motors  ou t s ide a C las s I a rea coupled to  a driven 

mach ine by be lts or other coupling dev i c e s  if t he area  is 

segregated  from the remainder of the p roce s s .  

• Location of ligh t ing ou t s ide  a C lass I a rea wi t h  i l luminat ion 

provided th rough t ransparen t p anels . 

• Locat i on o f  swi t ches , con t rol lers , circu i t  b reaker s , ins t r uments, 

relays and me ters in a s epa r a t e  room which is p rovided with pro­

t ection agains t  in f i l tra t ion of me t h ane . This  is  ach ieved by 

using  s epara t e  enclosed rooms wi t h pos i t ive air p ress u re or  ade­

q uate ven t il a tion . 

• Installat ion of forced vent ilation sys tems in enc losed  areas whi ch 

w i l l  p reven t met h ane  concentra t i ons f rom exceeding 1 . 0  p e r c en L . 
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Such a system is usually combined w i t h  a contin uous a i r  moni tor­

ing system for methane with provisions  fo r interrupting elec tri­

cal supply to all el ectri1 equipment in t he area if me t hane r on­

cen tration exceeds 1. 0 percent . 

• Positive ventilati on in ha zardous areas such as enc losed s torage 

silos . enclosed pita  or tunnels below storage piles or silos ,  and 

pit s  or buildings containing raw coal crushers . Such vent ilation 

should include a positive electrical interlock which wil l  shut 

down the entire process i f  a component o f  the ventilation system 

fai ls . 

Where t he process configura tion and physical layout pennit thes� 

arrangements , considerable savings in equipment c os t  can be realized whi le 

accomplishing the desired func t i ons . 

Questions now arise as to what constitutes "adequate" or "proper" 

ventilation and what is a safe distance f rom a Class I ,  Division l lo­

cation. Since these and othe r questions als o arise in classifying  Class 

II locati ons , Sect ion 2 . 5  below should be consulted Eor defini tions. 

Tab les G 2 . 1  and G 2 . 2  s ummar i ze the general req uirements for equip­

ment to be ins talled in Class I ,  Divis ion 1 and Division 2 locations . I t  

should be noted that the use o f  cable trays or enclosed busways is not 

recommended for Division l locations (see Wiring) . Fo r Divis ion 2 ,  

enc losed gasketed busways or cab le trays are recommended to  minimize in ­

fil t ration of hazardous concentrations of methane. Where busways or cable 

tray s leave hazardous locations ,  gas -tight seals dre recommended . 

2 . 3  CLASS II  HAZARDOUS LOCATIONS 

C lass  II cons is ts of two divisions each dealing with three Groups 

of combustible dusts . Within coal preparation p lants , the concern is 

with Group F dus ts  which include coal dus t . Division 1 includes locat ions 

where combustible dust is airborne ei ther  under normal conditions , or as 

a result of mechanical failure or abnormal ope rations ; or locations where 

electrically conductive dusts may be present . Division 2 includes loca-
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TABLE G 2 . 1  

kecommended Equipment for Clas s I Group D Division 1 Locations  

EQUIPMENT 

Mot urs 

Swit ches , controllers 
Circuit Breakers 

Fuses  

Lighting Fix tures 

Transformers and 
Capaci tors 

Ins truments,  Relays 
Meters 

Wiring 

Heate r s  

REQUIREMENTS 

- Explos ion-proof approved for Clas s I 
- Totally -enclos ed forced-air ventilated 
- Totally-enclosed inert gas f illed with a 

source of inert gas to pressurize the en­
c losure and automatic de -energization if the 
press ure fails. 

- Enclos ure approved as a complete assembly 
for use in Clas s I locations 
(NEMA Type 7,  8 ,  or 10) 

- Enclosure approved as a complete assembly for 
us e in Clas s I locations 
(NEMA Type 7 ,  8, or 10) 

- All fixed and port able units mus t be ap proved 
as a comple te  unit for Clas s I locations. 
Should have guards around the globe or be 
located sn as to prevent damage. 

- Uni t s  containing flal!IlTiable or non -flammab ] Q  
liquid to b e  ins t al led in approved vaults  
having no opening to  hazardous are as . 

- Explosion-proof units approved for Class I 
locations for uni ts that do not contain a 
liquid that will burn. 

- Enclosure must be approved for Clas s I 
location. (NEMA 7 ,  8 or 10 ) 

- Thre aded rigid metal condui t, or 
- Type MI cable 
- Explosion-proof boxes and f itt ings. 
- Seals to be used to prevent t ransfer of 

gases  or flames from one area to another 
through conduit. 

Portable or fixed units shall be approved as 
a complete uni t for Class I locat ions , The 
surface temperature of the heating elements 
shall not ex ceed 800 ° F and cont rols shall 
be provided so that the heating element i s  
de-energized when the fan or blowe r i s  in­
operable or not in uperation. 
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TABLE G 2. 2 

Recorrunended Equipment for Class I Group D Division 2 Loeations 

EQUI PMENT 

Motors 

Swit 1.:hls, controllers 
Circui t  Breakers 

Fus es 

Lighting Fixtures 

Trans formers and 
Capaci tors 

REQUIREMENTS 

· ·  Class I approvvd  enclosure  whe re s liding 
contacts , centrifu gal or other switches 
or integral r esis tors are used unless such 
contacts swi t ches or resistors have Class 
I approved enclos ures. 

- Enclos ure approved as a comple te assembly 
for use in Class  I locations (NEMA 7 or 10 ) 
unless curren t interruption occurs in a 
herme tically sealed chamber  or unless 
cont acts are oil-inunersed and device is Class 
I ,  Division 2 approved . C'.EMA fl) 

- General purpose enclosures are permitted for 
non-fus ed isolating or d i  s conn1.�cting switches 
which do not interrupt current (NEMA 4 or .1 2) . 

- For fuses protecting motors , app lian ces and 
portable lamps , enclosure approved for Class 
I loc ations (NEMA 7 or 10) un less oi l-immersed 
or herme tically sealed. (NEMA 8) 

- General purpose enclosures permitted i 0r fuses 
or  circuits to f ixed lamp s. (NEHA 4 or 1 :? ) . 

- Fixed enclosed globes or other protective 
means where sparks from lau�s or fixtures 
might ignite local con centrati ons of flam­
mable gas or vapor . 

- Lamps for which s ur fac e tempe .... a t un� does not 
exceed 80% of the gas or vapor ignition , 
t emperature , or 

- Fixed fixtures approved as a rompl� te  unit 
for Cla s s  I l ocations. Fixed lighting �ixrures 
shou ld have guards or be loca ted so as to pre­
vent physical damage. 

- Por t able lamps should be approved as a complete  
assembly for Clas s I locat ions 

- Ins t allation should be in accordance w i th 
rules for non-hazardous loca t ions . 
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EQUIPMENT 

Instruments, Relays 
Me ters 

W i r in ·s 

'l'ABLE G 2 . 2  

( Continued) 

REQUI REMENT_� 

- Enl'.'losure for eq uipment containing air break 
contacts mus t be approved for Class T lo­
cations . (NEMA 7 or 10) 

- General purpos e  enclos ure permitted if  con­
tacts are oil-immersed or herme tically 
s ealed (NEMA 8) 

- General purpose enclosure permitted if c on­
tacts are in circuits which do not release 
sufficient energy to ignite hazardous vapors 
or gases . (NEMA 4 or 12)  

- Threaded ri gid metal conduit, or 
Enclos ed gasketed busways, or 

- Cable types ALS , CS, MI , MC , SNM, TC. 
-- Seals required where explosiun-proo f  equipmc·nt  

is necessary and conduit leaves hazardous area. 
- Wiring methods s uitable for use in ordinary 

locations are acc�ptab le If the wiring will 
not releas e  sufficient energy under normal 
condi tions to igni te  me thane. 

- Portable or fixed units shall bp appro ved as  
a comple t e  uni t fl)r Class  I locations. The 
surface temperature of the heating el emen t s  
shall no t exceed 800° F and controls s hall be 
provided so that the heating �lement i� de­
energized when the fan 0r bl ower is inupera­
ble o r  not in operation. 
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tions where airborne dust does not occur in e xp losive mixtures under nor­

mal conditions , but where dust accumulation may interfere with heat  dis­

s lpation in heat producing equipment or where s uch layers might b� ig­

n i.ted by sparks or arcs from electrical equipment. 

Class 1 1, Division 1 locations in coal preparation plants inc lude : 

• crushing or breaking operations ; 

• inside dust collection systems and equipment ; 

• air t abling op erations ; 

• thermal dryers ; 

• dry or moist scalp ing operations ; 

• coal bins or hoppers during loading or unloading ; and 

• any enc los ed container where coal is processed or stored. 

Divi .<; j on 2 locations include areas which are immediately adj acent 

to Division l areas. Cnal preparation p lants with open flooring between 

levels can, the re fore, be classi fied as C lass II , Division 2 locations 

except where there is su t fici�nt water used in the process tu  eliminatr 

dust . Generally, this would ap ply to "wet " processes but nut to dry or 

mois t p rocess es. Tab les G 2.3 and G 2. 4 contain listings o f  equipment 

reconnnended for use in Class II, Division 1 and Division 2 locations . 

All electrical equipment for use in Class II , Division 1, Group F 

locations must be of  a type  approved for this c lass ification (i. e. , 

dust-ignition-p roof , refer to Section 2.5 for definitions) . 

Class II, Division 2, Group F .:ireas require cont rol of airborne 

dust generated by the process. Such control can be accomplished by em­

pluying the f ollowing techniques individually or in combi nation : 

• Adequate vent ilation throughout the plant. 

• Ventilation or dust-collection points at coal c rushing or trans­

fer points. 

• Wate r or oil s prays at transfer points, crushing operations or 

o ther dust generating lncations. 

• Hoods at transfer points . 
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TABLE G 2. 3 

Reconnnended Equipment for Clas s II , Group F ,  Division 1 Locations 

EQUIPMENT 

Motors 

Switches, Controllers 
Circuit Breakers 

Fus es 

Lighting Fixtures 

Trans Eonners and 
Capac Ltors 

Instruments, Relays 
Meters 

W i r inr, 

REQUIREMENTS 

- TEFC Dust-ignition proof approved for Class 1 1  
- Totally enclosed forced air ventilated approved 

for Class II 

- Enclosure approved as a comp lete assembly f or 
C lass II  locations if device interrupts current 
or  i f  dust is electrically conductive. (NEMA 
4, 9 ,  or 1 2 )  

- Non -fused, non-current interrupting isolating 
or disconnecting switches should have tight 
metal enclosures and covers to minimize 
ent rance of  dust arrcT prevent escape of sparks. 
(NEMA 4 )  

- Enclosure approved a s  a complete as sembly for 
Clas s II locations .  (NEMA 4 ,  9 ,  or 12 )  

- Fixed and portable uni t s  should be dust ignition 
proof approved for Class II  locations ;  with 
guards or located so as to prevent physical 
damage. (Enclosed gasketed or dust  ignition 
proof. ) 

- Units with f lammable liquid in ap� roved vaults 
with doub le, self sealing , se lf closing f ile 
doors on all openings to hazardous areas . Vent­
openings and pres sure relie f  openings should be 
open to outs ide air. 

- Units not containing liquids that will burn in 
app roved vaults . 

- Units that are approved as complete as sembly 
for Class II locatinns. 

- Enclosure must be approved for Clas s II locations. 
(NEMA 9 )  

- Threaded rigid metal conduit , or 
- Type MI nble. 
- Boxes or fittings : use units approved for Class 

II if tht' y are to contain taps , terminate connec­
tions , or j oint s ;  or if dusts are electrically 
conducting or combustible . 

- When connecting dust-ignition prOl- f anc\ non-dus t­
ignition proo f enclosures , se�ls are requi red to 
prevent migra tion . 
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EQU I PMENT 

Hea te r s  

TABLE G 2 . J  

( Con t inued ) 

REQUI REMENT�_ 

- Portabl e  o r  fixed elec t rical  heate rs shall  
b e  appro ved for  use in Clas s I I  locat ions . 
The s u r fa ce t�mp era t ure o f  t he heating 
e l emen t shall no t exceed 800 ° F and con t rols 
shall b e  p ro v ided so t hat  the he ating ele-
1nen t is d e-energized when the fan o r  blower 
i �  inope rab le or no t in  o p e r a t ion . 
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TABLE G 2.4 

Recommended Equipment for Class I I, Group F ,  Division 2 Locations 

EQUIPMENT 

Mo turs 

Swit ches , Controllers 
Circui t  Breakers 

Fuse:.; 

Ligh ting Fixtures 

Transformers and 
Capacitors 

In, trument, Relays 
M< " ters 

Wir ing 

REQUIREMENTS 

- TEFC Dust i gn i tion proof or forced .:1ir vent il­
ated, maximum sur face temperature not to exceed 
120 ° C .  

- Enclosures should have tight metal body and rover 
to minimize  entrance of dust and preven t es cape 
o f  sparks . (NEMA 12) 

- Same as for switches, controllers and circuit  
breakers . 

- Fixed ; enclosed gas heated fixture whi ch main­
tains surface temperature below 165 °C . Pro­
vide guarus or locate to prevent physical damage .  

- Portable dus t-ignition proof approved for Class 
1 1  locations. 

- Un i ts w i t h  flammable liquid in approved vaults. 
- nry type operated at less than 600 volts in 

vaults or tight metal enclosure without 
openings . 

- Units w1 th  non-flammable liquid in acc·1rdance 
with r ules for non-hazardous locations with at 
least six inches between trans former case and 
any adjac ent combus tib le  material. 

- Use tigh t me tal enclosure wit h  cover to minimize 
du:-; t infiltra tion and es cape of any sparks or 
burning materials . (NEMA 12 )  

- Rigid metal condui t, or 
- Electric  metallic tubing, or 
- Cable types ALS , CS, MC, MI, SNM. 
- Enclos ed , gasketed, dus t-tigh t busway 3pproved 

for Class I I .  
- Sealing req uiremen ts are the same as Division 1 .  
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• Tigh t  ( s ea led ) covers ins t al led on coal feeders and c rushers. 

Enclos ed areas wi t hin o r  : 1dj acen t to  a Class I l , Divis ion 2 ,  Group 

F area and which do not  contain coal p ro cess ing o r  s torage equ ipmen t can 

be , : las s i t ied nonhazardo u s  if : 

• t he enclosed area is  sealed o f f  from t he Division 2 area  and 

kep t f ree  o f  any coal d u s t  accumul a t ions by main taining a po s i ­

t ive p re s s ure o n  t he inside o f  t h e  enclosure ; and 

• t he area h, p urged and pres surized  in accordance with  NFPA No . 4 96 

Type  Z purging. 

There are s eve ral me thods by which t he dus t ha zard wi t hin a Class  l I  

area  can be red uced by rigorous a t t en t ion  to  hou sekeeping wi thin t he plan t . 

I t  is  expec ted t ha t  housekeeping wo uld include the fo l lowing : 

• daily  wash and sweepdown o f  a l l  working levels ; 

• periodic (weekl y ,  no t 1 1 1ore than monthly)  c leaning o f  a l l  

enclosures containing elec t rical apparatu s ;  

• weekl y c lean inr, o f  a l l  p ro t ec ted b u t  nut  enclo sed sur faces 

( l igh L s , wiring , mo to r s u r fa ces ) that canno t be washed . 

The need fo r special  equi pmen t can be min imized o r  e l iminated by 

locat ing elec t rical e qu ipment ou t s ide Clas s II areas  o r  u t il 1 6 ing thl· 

o ther s ugges t ions des cribed in Sec t ion 2. 2 above for  Class I areas , 

Sec tions whe re "we t "  coal is hand led sha ll be cons idered nonhaz ard­

o u s  provided t ha t  n0 "d ,.mgerous"  d u s t  ac cumu l a t ions a re a l lowed to remain 

on hea t-gene r a t ing  elec t rical eq uipmen t . ( De fin i t ions o f  ' 'wet " coal and 

"dange ro us " dus t accu.mul a t ionti a r epn.>vided in Section 2 . 5 below . ) 
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2 . 4  C LAS S  I AND I I  HAZARDOUS LOCATIONS (DUAL CLASS IFICATION) 

Certain a reas within coal prepara t ion faci lities such as an enc losed 

p i t  be l ow a coal s to ra ge area , may be  clas sified haz ardous as a result of 

b 0 th methane and coal dus t . A solu tion to  this  p rob lem wou ld be to 

ven t il a te the  enc los�d area mechanically and con t inuously monitor the air  

for  me thane as ou tlined in Sec t ion 2 . 2  rel a t ing  to  C las s I loca t ions . 

Electrical equipmen t wou ld then only have to comp ly with C l as s  I I ,  Divis ion 

2 req uiremen t s . 

A i ; e cond sol u t ion i A  t o  ob tain  ele c t r i cal equ ipment wh ich carries a 

dual c lassi f i c a t ion i . e . , i s  approved f or use in bot h  C lass I and C las s  1 1  

areas . Devices approved for Cla�s I locat ions are not always necessarily 

in comp lian ce with r�quirements  for Class I I  locations . 

Where wa t � r  is  used to c lean up working areas o r  used during nonnal 

hous ekeep ing o r  operation o f  the pl an t , cons iderat ion should be given to 

che design of equ ipmen t ,  espe cially in C lass  I I , Divis ion 2 areas. All 

e lec t ric enclos ures s uch as s p l ice and p ull boxes , enc los ed  p anel s and 

s imi lar  eq u ipmen t shou ld be p rovided wi t h  tigh t-fittin g or gas keted 

cove rs o r  othe rwise be  sealed aga inst moisture . In areas where the equ ip­

men t is s ub j e cted to sat u ra t ion with water , the equipmen t should  be ap ­

p rbve d f o r  we t loca tions or , i f  war ran ted , should meet the requ iremen ts  

of  the p rope r  NEMA des ign (NEMA 4 ,  4X , or  6 ) . 

2 . 5  DEFINITIONS 

2 . 5 . 1  Explos i on Proo f 

Exp lo sion-p roo f  ele c tric al equ ipment is suitable for use in C l as s I 

h a zardous l o cat lons . The term 'explos ion -p roo1 ' means tha t the device has  

an  en c l os u re wh i ch is capable of wi ths tand in g  an in ternal e xp l os i on of  a 

� p e c if ied  g a s o r  vapor wi thou t ignit ing a simila r external mix t u re . Als o 

max imum ex terna l sur face• temp1. •  ratures are below the i gn ition temp erature 

o f  the ma t e r ia J :-1 to wh i ch th , •  en r. losure may be exposed . 
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2 . 5 . 2  D ust-Ign i tion Proof 

D u s t - i gnition proof ele ctri cal eq uipment i s  s uitab le for use in 

Clas s II  h a zard ou s locations . The term d ust -ign i t ion p roof means tha t 

the device has an enclosure which wi ll exc lude ignitible  amoun t s  of dust .  

;1 s o  the enclos u re will no t  permi t arcs , sparks , or heat generated inside  

the enclos ure to  ignite exter i or acc umulations o f  d ust . 

2 . 5 . 3  Adequate Ventilation 

An area may be classified nonhazard ous i f  i t  has adequate  f o rced or 

n a t ural ven t ila tion . 

The minimum accep tab l e  requirements  for adequa te  forced ven t i la t ion 

of con t r ol rooms and othe r enclos ures hous ing  e le ctr ical equipmen t wh ich 

are in or adj a cent to  Clas s I ,  Division 1 areas are derived f rom the 

Nat i onal Fire Prot e c tion Associa tion S tand ard No . 4 9 6  "Purged and Pres ­

:-: ur i z ed En c losure s for  Ele c t r i cal Equipmen t  - 1? 7 4 ." 

a .  The ven tilation sys t em shall mai n tain at least 0 . 1 inch o f  

pos i � ive wa ter pres sure  i n  the area  with a l l  open ings c losed . 

b .  The ven t ilation sys tem shall p rovide a minimum velocity  o f  60  

feet  per minute ou tward through each open ing wi th all  openinr.s  

open at th l\ s ame time. 

c .  The ven ti l a ti on system sha l l  be in ter locked t o  de-ene rgize a l l  

power to  the area in event o f  f a i lure o f  the ventila t i on sys ­

tem , or the admiss ion of methane a t  a con cent r ation gre ater 

than li.'. i n  air.  

d .  The s ource of air for  ventila t i on shall be f ree of  co a l  dus t . 

An a re a  s ha l l  be  cons ide red to  have adeq ua t e  na t u ral  ven t ila t i on i t  

i t  i s  o p ,. . n  to t he eleme nts and i s  a t  a safe dis t ance ( s ee § 2 . 5 . 4 b e l 1 1w )  

f rom a me t han h a zard  so urce . The maximum numbe r of bo undar i e s  in a 

n a c u r a l l y  ven t i l a ted area s n a l l oe  l im i t ed to  a ceil ing , r loor and one 

wal l , p rovided t h a t  these bounda ries  do no t in t e r ru p t  na t ural vP n t i lat i on  

to  t he ex t n t  t h a t  me t h ane c ould ac cumu la t e . 
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2 . 5 . 4 Sa fe Separat ion Di stance s 

T he class if ic a t ion o f  a Class I ,  Division 2 hazardo us l oca t ion 

may be downg raded to nonhaz ardous i f  e l e c t ri cal equipment i s  placed 

at  a s a fe d i s t an ce from the potential source of methane . 

For convevor tunn e l s  under stock-pi l e s ,  � il o s ,  or coal storage  

areas , a d i s t ance  of 15  f t  f rom the  end opening Yhall be cons i d e red  

as  a min imum safe separa t ion d istance . Electrical equ iomen l p l aced 

a t  poin t s  closer  than 1 5  f t  to e ither end o f  such tunne l s  shall be  

app roved for use  in Class I ,  Divis ion 2 lo�acions. 

S a fe d i stances from the rl umping are;.. on t<"'p o f  a s i lo shull  be 

de termined f rom Tab l e  G 2. 5 i f  the co�l is  considered  partic ularly 

gas sy . Fo r nongas sy coals or whe re an automat ic 5 %  alarm is  in sta l l ed 

on t he silo ,  the  ap p rop riate curve in Figure D . 2  may b e  used . 

2 . 5 . 5  We t P rocesses  

A "we t "  p roce s s  s hall b E ·  so c.: l a ss i r ied p rovided that thP r .- 1tio 

of p rocess wa tv r ap pl ied t , >  or mixed with coal ( regardless  o f  its 

inheren t moi st ure )  i .s in such pro port ion as to p reven t the genera t ion 

of airborne du st. 

2 . 5 . 6  Dange rous Dust  Acc umul a t ions 

A dan gerous amount of coa l  dust is  gene rally interpreLed  to mean 

an ave rage accumul at ion u f  0. 03  o unces or more o f  coal d us t  p � r  cubic 

foot of enclose d  ai r volume . Thi s  quanti t y  i s  d i f f icul t to measure  

or e s t imate except f o r  easily  acce ss ible enclosur es. Furthermore , 

t he interprPtati on allows l a rge acc umulation s in some location wi th  

l i ttle or no acc umulation elsewhere so that  the ave rage may be  

ace ptable. 

I t  i s  recommended that  the th ickne s s  o f  a coal dus t layer on 

all h a t-ger.e rating  elec t r ical equipment ( incl uding motors and light 

fixtures)  be not allowed to exceed 1 / 16 inch in thicknes s. 
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TABLi G 2 . 5  

S a t e  Separation Uis t anc es  From 
* 

S ilo  Open ing  

Coal Ra te D i s t ance 
( tph) ( f t )  

<100  7 

2 00 1 0  

JOO  14 

4UU  16  

500  18  

600  2 0  

7 0U 2 2  

800  24 

9 00 2 6  

1000  28 

2000 41 

3000  54 

4 000  6 5  

j000  7 5  

nOOO 8 3  

7 000  91  

8000  100  

*The se distan ce s  a s sume a gassy  coal with a po ten tial me t hane 
concen t ra tion in the s i l o  o f  1 5 % . 
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