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Many electrical 3cci,ients occur each year in the coal mining 
industry, ranging i:i se ·,•erity from harmless shock to death. These 
accidents result in a large number of lost workdays, and a~lysis 
shows that many of thee ~ccur under similar circumstances. These 
circunstances are investigated and grouped to produce~ list of 
"generic" accidP.nts. Bureau of !tines research contracts are reviewed 
to detc~ine what effect they 111,3y have on the frequency and/or severity 
of cocmon el~ctrical accidents • . Many of the ideas dravn from the 
contracts relate to the introduction of new ~dfety equipment and 
electrical trouble-shooting and repair procedures. These ccasures arc 
categorized and estil!l.ltes are made of their potential effectiveness 
in reducing accidents. This analysis, in conjunction with the a.count 
of money spent by the Bureau on the research it supported, is used to 
generate a cost-vs-b€nefit table for the 8Preau. Areas are identified 
t!1at are being some\.·hat n ... glected, and to ,.-hi.:h ::>0re thought should be 
given to making safety-related changes in equipment or procedures. 

I::TRODUCTIO~ 

Over the five years from 1975 through 1979, approximately SOO 
electrical ace idcnt s per year have been reported to !-iSiiA by the coal 
mining industry, resulting in l!10re than 42,000 lost .'Orkd.1ys and 48 
deaths (1). These alan:iing accident statistics hav~ been the major 
stimulus for much of the research contracted by the Bureau of Mines. 
Ho~ever, the Bureau needs to dir~ct its research efforts in areas where 
it expects the most i>enefit from the Qoney and effort it extends. This 
is necessary, no,.· more than ever, because of the cutbacks in the Bureau's 
research funds and because equal amounts of research money spent in 
different areas ~ill n0t produce the same impact on accidents. 

ACCIDEl\"T tATA COLLECTION A.\1> FOR.'fiiUTION 

Electrical accident data was obtained from the MSHA fonns 7000-1 
which were submitted to MSl:A by min~ operators. Form 7000-1 contains 
such infon:iation as: Hine ID Number; Location of Accident; Nature 
of Injury; Part of Body Injured; Ikscri7'tion of Accident; .md other 

*This paper is based on studies perfon:ied under USBH Contract J0100096 
·to West Virginia University ---
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such pertinent information. In fact, the fom requires almost every 
necessary detail to do a ~ide assortment of statistical analyses. The 
completeness and legibility rules for filling it out are not enforced, 
however. Many of the accidents had to be listed in the unknown 
categories of our analyses because there was no way to retrieve the 
needed information from the fon. because of aissing, incocplete, 
illegible, or ill~rate respcnses. For example, the description of the 
conditions contributing to a fatal accident reported on one form was 
11E:cployee moaned and fell dead." If MSHA, or any other body, is to 
obtain any useful inform.:ition about accident causes from these fofl!ls 
oore effort must be put into ensuring that they are properly filled 
out. 

It was necessary to use the classificat i ~~ system developed by 
HSH.A through their Health and Safety Analysis Center (BSAC) to rctrieve 
the apprcpriate accidents in order to avoid the task of searching th~ 
,!ntire accident file. The !!SAC classification catc~ori%es accidents 
as "electrical" if the proximal cause of injury or pv:ent ial injury 1a·as 
a shock, electrical curr ... nt, clectric.:ol arc, ~kc and debris froci an 
electr!cal arc, or a reflex react i on to these factc,rs. Exc l uded from 
this list are mine fires and explosions i~itiated by electricity. 
Because these accidents are not classified as electrical, th~ benefits 
of research on pen:iissibility and intrinsic s~f ... ty could not be evaluated. 

A total of ;,pproximately 1350 electrical accidents was obtained 
from records for the years 1975, 1978, and 1979. TI1e pertinent 
infon:iation for each accident was encoded onto a fonr. desigr.ed espP.cially 
:()r o•.r purposes. The fllrt:I is sh0wn in Fii;ure l. 111e foro contains 
most of t1·e infon:iation listed on ~Sil,\ Form 7000-1 ?lus ."ln additi..mal 
assignment of any existing hazard or ncgli~.::nt behavior that directly 
contributed to the accident, The hazards and ncgl igences were cle:irly 
defined as shown in Table 1. Once the for.:s were completed for each 
accident, the inf om.at ion was punched on cards and fed into the \.'\'U 
computer to for111 our ~ata base. 

An assortmt'nt of statistical ~nalyses vas car~icd out on the data 
once it was stored in the cocaputer. Using aine production statistics 
from the HSHA CC'al Mine Refl'rence files, accident-prone mines were 
identified based on the nU111br.r of accidents and lost vork-days per 
number of employees, man-hours worked, .Jnd prO<!uction in tons. Also 
the accidents vere listed in pe:-centages based upon a particular item 
such as; job title, injured activity, injury type, degree of injary, 
and so on. These analyses were made for each year individually and 
cumulatively . Space docs not pen:iit the inclusion of all these results, 
but the curmlative classificatic:t by hazard and negligent type is 
shown in Tables 2 and 3, The remaining analyses may be found in our 
contract ~inal report [1}. 

RESF.I.RCH CI.TEGORIES 

In the effort to assess the impact which Bureau of Mines sponsored 
research has had on electrical acciJents, it was first necessary to 
deterciine the nature and quantity of research which they have sponsored. 
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FIGURE 1, - Coal mine electrical accident data r~cording form. 
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Table l. Key to Code Used on \lVU Accident Form 

HAZ.ARDS - Mini.1g has so111e level of risk associated vith it that is 
iciplicitly assumed tc. "normal". ·· Particular jobs, such as electrician 
also have inherent risks which are assumed to be normal. ~e define 
a HAZARD as an abnormal risk not usually assumed to be inherent 
in the job. 

Hl - Energized ground or Crace - A potential appearing on any 
normally noncurrent carrying part ,>f electrical equipment or 
structure. 
H2 - Energized powe'r ;:onductor thought to be safe by reason of being 
disconnected. 
H3 - lripro:,erly ~11sulatcd or guarded f01oer conductor so that persorul 
contact occurs under conciitions where it was assumed to be 
prevc>nted. 
H4 - Abnonnal arcs or sparks generated by a short circuit, fault, 
defective switch, or other defect in the polo'er systec. Als-) includ.? 
short circuits wh!ch cause excessive heating without arcs or 
sparks, Sot inch,ding flashes which arc a result of operator error. 
H5 - Ocfoctivc tool nr protective gear, -not including defective 
circuit breakers :>r other power system ptOtl!ctive devices. 
116 - Putting ·;:,owPr to an electric circuit which is loaded or shorted 
when it ~as assumed to be open-circ~itcd. 
117 - ~:one - no hazard other than noroally ;,.ccepted in the situation. 
P.8 - Unkno-'Il or other electrical hazard not classifiable above. 
119 - Lightnin~ 

NEGLIGEXCE - Persons pcrfol"llling jobs have a certain error level which is 
considcr.:-d "normal" for the situation. The "nor.::al" acceptable 
error level depends on the level of tr,ining ot the individual. We 
define a NEGLIGE~CE as an error which is .ibnon:ial for a person ,..ith 
a particular tit!c or level of training. A !\EGLICE.-..cE for an 
electrician may no!: be an abnon:ial error for a laborer.* 

Nl - Not attempting to remove power to circuit under repair. 
1'2 Sot tagging, locking out, groundirig, or otherwise ensuring 

that circuit cannot become energized or equipment started while 
under inspection or repair. 

N3 - Failure to test for voltage on conductor. 
N4 - Incorrect tool or equipment or improper use of acceptable 

equipment. 
NS - Failure to maintain clearance with boom. truck bed, pipe (non­
electrical tool) while working in the vicinity of energized 
conductors ~ith normal clearances. 
~6 - f~ilure to maintain clearanc~ with body or hand tool (not 
working on involved circuit). 
N7 - Not wearing or usin& protective ~ear. 
N8 - Abusir.6 equipment. 
N9 - Improper operation or maintenance of electrical devices ~r 
equipment. 
~ - No errors other than those usually considered to be normal. 
NB - Unknown or other negligence or error not classifiable above. 

*To be uncertified to pel"fona the work attempted is a special category of 
negligence. 
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Number 
of 

Accidents 
583 
290 
129 
115 
54 

50 
31 

9 
4 
1 

Table 2. Accident Classification by Hazard Ty.e!:_ 
for 1975 2 1978 2 1979 

% Hazard 
46.05 H7 None 
22.91 H4 Abnormal Arcs/Searks 
10.19 H8 Unknown or Not Classifiable 

9.08 113 Imeroeer Insulation 
4.27 H2 Energized Power Conductor Thought 

be Safe 
3.95 Hl Energized Groun~/Frame 
2.45 H6 Loaded Electrical Circuit Assuced 

0 en 
o. 71 H9 Lightning 
0.32 HS Defective Tool or P~otective Gear 
0.08 H3 HS 

to 

Table 3. Accident Classification by ~egligence TyPe 
for 1975 2 1978, 1979 

Number 
of 

Accidents 7, Negligence 
349 27.567 NA No Errors 
215 16.983 Nl Not Removing Power to Circuit Under 

Re air 
171 13.507 N9 Imeroeer Operation 
163 12.875 }:B Unknown 

93 7.346 NS Failure to Maintain Clearance with 
Boom Truck-bed etc. 

92 7.26i N4 Incorrect Tool 
82 6.477 N7 Not Wearing Pra~ctive '-e:.c 
76 6.003 N6 Failure to Maintain Clearance with 

Body or Hand Tool 
16 1.264 N2 N~t Ensuring That the Circuit Cannot 

Become Energized 
5 0.395 N8 Abusing Eguiement 
4 0.316 N3 Failure to Test for Voltage on 

Conductor 
2 0.16 N6 N7 
1 0.08 Nl N4 
l 0.08 Nl N6 
1 0.08 Nl N7 
1 0 . 08 N4 N7 
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The Minerals Research Contract Review (MRCR), which lists all active 
and completed contracts granted by the Bureau of Hines from -July 1. 
1969 through December 31, 1980, was used to generate a list of contracts 
which seemed to be electricJlly oriented. Also a comput~r printout · 
was obtained froin the Denver Research Center which lists 3.ll of the 
L~reau's contracts and memor3.r.dum of agreements involving studies of 
eiectric3.l te.;hnology beginning after December, 1974. No in-house or 
privately funded research was incorporated in the list. 

Once the list of possible electrical contracts was co?Dplete, 
abstracts were obtained for e~ch one to determine its orientation and 
content. These abstracts came from r_hrce different sources: 1) the 
report d~cumcntation page as copied irom the report itself at the VS~~ 
library in Pittsburgh, 2) the abstract as it . appears in the Open File 
Report listing of the U. S. Bureau of Mines List of Publications and 
Articles, or 3) telephone conversations with the contra~t's Technical 
Project Officer (TPO). All abstract~ were reviewed to determine 
orientation and content, and specific .ireas and types of research were 
defined. These areas and types were sorted, evaluated, and combined 
where possible to form individual categories. Each category was given 
a title which is descriptive of the ~ature of the research in it. 

Each report or contract a~stract ~as reviewed again to dPten:iine 
which specific research topics each one included and the amount of 
effort each topic in the abstract contributed to the whole. Once each 
topic was assigned a fractional effort, an equal fraction of the total 
research funds on that contract was also ass•gned to it. Havin~ this, 
the amount of money spent vn each research category was foI"t:lec ~y 
summing all the individual topics fr0Q each contract in that category. 
Twenty-four distinct categories were identified as research which would 
have a direct effect on rlcctrical ~ccidents. Figure 2 is an example 
of the information accumulated for each of these categories. A summary 
of the research included in the category, a listing of the contract 
nt?mbers which contributed the research, and the cumulative total fundin& 
Sfent on the category is glven. The total funding for all twenty-four 
categories is $6,311,000. 

Another group of categories was defined in addition to the one 
which directly affects electrical accidents. It is "Electrical Research 
not Directly Affecting Electrical Accidents 11 and is broken down into 
two subdivisions labeled: "Electrical Research with Expected Direct 
Impact on Electrical Accidents but None Found or ~o Way to Identify 
the Affected Accidents" - Total Bureau F~nding - $2,501,000; and 
"Elect~ical Research with No Expected Direct Impact on Electrical 
Accidents but with Expected Impact on Nonelectrical Accidents" - Totd: 
Bureau Funding - $11,486,000. These categories are given with the same 

. information as the. previous 24 in the contract final report. 

RESEARCH L'il'ACT 

Each category was evaluated as to wh~t type or types of accidents 
it might impact. This was accompl4shed by reviewing the type of 
research done under each category and estimating the fina:. outcome or 
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Research Category #15 - Remote Control Trolley Energizing/DeenerP.izin_g_ 

Sw:imarv .~f Resenrch - Developmcnc of""' pt>rtable remote control ,.lrcuit 
breaker system; features include ability to trip, reset, and adjust 
remote circuit breaker from a transmitter located on a mine locomotive. 
Development of a system to re.cotely energize and decnergize the trolley 
wire in a section in response to demands from vehicles as they enter 
and leave the l.Ontrolled section. Devele>pCICnt ;,f .:. :;ystf'C to provide 
deenergizing of the trolley ~·hen a vehicle's trolley pole is removed. 

Contract Listing - H0366029 
H0166157 

Bureau Funding - $135,000 

J0188164 

Fig~re 2. Typical listing of Categorized USS.~ Research. 
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results of the work. Particular accidents and accident types were then 
defined as possibly being impacted by that research. Also a hazard, 
negligence, injured activity, or combloation of the three which would 
defit,e an occurrence that might be imfacted by the research was defined 
for each c~tegory. 

Sine~ all of the accidents were encoded in a standard format and 
stored in the WVU computing facilities, a retrieval 1:1ethod using 
specific identifiers from the encoded format was chosen. Each specific 
accident or accident type associated with a category was evaluated to 
determine what entries or combination of entries in the format could 
be •Jsed as identifiers for that particula r accident. A combination or 
several combin,itions of these identifiers were developed to describe 
each particular accident associated with a category, by which the 
computer searched the ct:.11:ulat,ve accident data file. A listing was 
produced of ~Jl accidents corresponcing to a particular category's 
identifiers that contained all of the GVailable information about the 
accidents. 

When evaluating the impq~t that a research CGtegory might have on 
a particular accident, a degree of subjectivity is necessarily 
introduced. The extent of subjectivity is dependent upon the particular 
accident end th•! nature of the rf!search in the category. The accident 
description is often illegible, insufficient, or worded to hide any 
violation that might have caused the accident. In these situations, 
a scenario of the events leading to the accident must be hypothesised 
in order to evaluate .,ny possible impact. Also, as mentioned before, 
certain assutr.ptions about the outcome or results of the research :nust 
be made in o7der to have a basis for the impact evaluation. 

To avoid making an unfounded decision where there was not sufficient 
informatior. to develop a sound scenario, a level of "possibly im;1acted" 
was includ~d. This level inclu<les all of the accidents ~here it is 
unclear just what device or machine was involved in the accic1ent and 
how it was involved, but there is a reasonable probability that the 
actual situat i or was c,ue which would be impacted by the research. 
Next, there are certain accidents which may appear on the surface to 
be impacted by a particular research category, but due to the as&umptions 
ab·.>ut the outcome or the underlying cause of the accident are really 
r.ot affected. To indicate these accidents, a level of "definitely not 
impacted" is included. Finally, for those accidents involving a device 
or procedure which would most surely be affected by the research, a 
level of "definitely impacted" was included. 

An impact evaluation was made for each category using the r,e,;e>.:ated 
list of accidents and research assumptions. Figure 3 is an example of 
the evaluation made for each category and includes the following 
information: the types of accidents expected to be impacted; th~ 
identifiers for the accidents; the nUll!be4 and type of accidents 
definitely and possibly impacted, including an example; trf! type of 
accident which may be thought to be impacted but isn't (if there is 
any); and finally any assumptions made about the outcome of the research. 
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Research Category 115 - Remote Control Trolley Energizing/Deenergizing 

Expected Impact - Accidents occurring when off-track equipment is moved 
under and contacts a live trolley and also those injuries resulting from · 
contact with the trolley when men are working around or near a live 
trolley wire (i.e. loading and unloading supplies, etc.) 

Accident Identifiers 

Hazard Negligence Injured Activity Iniury ~ype 
0 

H7 Nl Gx 
H7 NS Gx 
H7 N6 Gx 
H7 N9 Gx 

Nulliber Days Lost Fatalities 
AcciJents Definitely Impacted 85 825 0 

Type - Injuries resulting from accidental contact of body or object with 
the trolley wire. (Assw:iing only one vehicle per track section at a time 
and all poles are removed from the trolley wire when :he vehicle is not 
moving or preparing to move.) Employee is injured by the arc which 
occurs when the trolley pole is placed on the wire. (Example: h'hile 
jacking supply onto the track, jack handle hit trnlley wire.) 

Number Days Lost Fatalities 
Accidents Po~sibly Impacted 15 172 1 

Type - Accidents occurring around or involved with a track Vt:hi.cle when 
it is unclear whether che pole should be off the trolley wire or not. 
(E.xample: Door on tool car contacted trolley wire, the car moved ~s 
he was closing the door.) 

Definitely Not Impacted 

Type - Accidents involving the arc which occurs when the pole is removed 
or jumps from the trolley wire, Accidents occurring while pole is on 
the trolley wire. 

Research AsstJmpt ior,s 

Application of the research in this category would mean that no trolley 
section would be energized except when there was specific demand for it 
to be. Assume a slight delay is ~roducec before the trolley is en~r­
gized when the pole is being put on (thus no arc occurs when putting o~ 
under load), 

Figure 3, Typical Evaluation of Impact of Research on Accidents. 
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Table 4 gives the numerical results of th~ evaluation along with 
the category funding figures. The categories are listed in order of 
most expensive to least expensive. 

AIU:AS WHERE MORE RESEARCH IS NEEDED 

An analysis of the electrical accidents and research areas shows 
that Bureau research has been carried out with respect to nearly every 
type of accident. There are several areas in which future research 
appears to be highly desirable in ten:is of reducing electrical accidents. 
Some of them are extremely simple, and are really suggestions for 
alterations in equip~ent design. Others would require a gre~t deal of 
work. It is quite likely that a few are already undcrvay. The y arc not 
ranked in order of importance. 

A. A sensitive ground fault interrupter, that would work on 480 \ 
3-phase systems to drastically reduce arcing and sparking when a high­
resistance ground fault occurs. Care must be taken to assure that this 
system is not prone to false trips. 

B. A study to determine the costs and benefits (s~fety and 
monetary) of such practices as monthly visual inspections of circuit 
breakers. 

C. A simple cable fa~lt locator that could be placed on every 
mining section. 

D. Df>sign of control circuits, breakers, and other pieces of 
equipment with diagnostic sockets so that they may be tested without 
taking them apart or entering energized cabinets. An extension of this 
would be to design self-diagnostic control circuitry. 

E. Methods by which workers could be easily wa,ned of the dangers 
of energized conductors. This mighc take the form of some sort of 
visual indication by the insulation that a field was present, indicating 
lights on breakers and catheads to show that conductors are energized, 
or small sensors in screwdrivers and cable-skinning knives to warn that 
a field was present. 

F. Design of all sizes of fuses to ~rovide a clear visual indication 
that they are blown. 

G. Design of special tools for electrical work. These would 
include a goof-proof multimeter and probe arrangement, and insulated or 
nonconducting screwdrivers and wrenches. They should have special 
configurations to mate with electrical connectors such that their use 
would be encouraged. 

H. Design of switches and breakers that do not flash or eject 
material under any condition. An alternative would be to develop 
solenoid-operated devices which could be operated remotely by low-power 
control circuits. 
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I. Design ;,f fuse boxes and breakers so that access is prevented 
while the power is on, Design of reliable (probably mechanical) inter­
locks for sciall boxes, panels, etc, 

J. Redesign vf molded case circuit breakers to prevent accumula­
tions of dirt on terminals from initiat.ing phase-to-phase faults. 

K. Design of control circuits to prevent arcs at trolley poles 
and nips that result from making and breaking these contacts under load. 

L. Redesign of batteries and battery connections. Use of 
incompatible+ and - ten:iinals to prevent crossed connections, Use of 
recessed battery tennir,als to prevent accidentJl contact. Use of a 
battery cable conncccor that would provide no exposed energized conductor 
when attached to a battery. Use of completely insulated battery tops. 

M. Control circuitry for battery c~argers which will deenergize 
the charger when no battery is present to be charged, 

N. Design breakers and fuses so that inadequate interrupting 
capacity devices are physically inc0mpatable with the mount or bracket, 

o. /.ddition of insulators on tl'P of jeeps and locomotives to 
"catch" any trolley wire that falls or sags down into contact with the 
vehicle. 

P. Redesi&:1 the trolley wire to provide better inherent protection 
from accidental contact. Redesign trolley pole so that the energized 
lead is completely inaccessable to a person handling the pole. 

Q. D<~elop a control circuit to deenergize all portions of a 
locomotive except the lights and radio whenever the vehicle is not 
moving. 

R. Develop plastic-coated light bulbs that will not explode if 
defective or abused, such as the coating for camera flash bulbs. Make 
base design of bulbs for different voltage le?els incompatible. 

CONCLUSIONS AND RECOMME~'DA:IONS 

The cost/benefit approach for determining the cost-effectivenes~ 
of past and future research is certainly applicable as shown by Table 
4. This table evinces that this method produces good indicators of the 
relative benefits and costs of each investigated topic. A~ditionally, 
through the process of this investigation there are worthwhile by­
products such a~ identifying needed research areas which may have not 
been recognized before antl observing illegal practices which are 
consistencly causing accidents. These practices were not brought out 
in this paper because of space limitatio:1s. Also, this method is as 
applicable to an individual mine's specific situation as it is to the 
industry-wide situation discussed here, 

In a further paper to be presented at the IEEE Industry Applications 
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Society Annual Meeting in San Francisco this fall, this method is ~sed 
to shvw the relative costs and benefits of imple~entinb rescarch­

·related safety changes on an industry-wide basis. 
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