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INFORMATIONAL NOTICE

In September 1977, the Mining Enforcement and Safety
Administration (MESA), Department of the Interior, was prepared
to release its Accident Report concerning the March 9-11, 1976
twin explosions at the Scotia Coal Company’s Scotia Mine which
killed 26 people. Scotia and its parent company, Blue Diamond
Coal Company, filed suit in federal district court to enjoin
release of the Report based on a claim of prejudicial harm to its
defense of pending tort litigation. After a preliminary order
enjoining release of the Report to consider the legal challenge,
Federal District Court Judge H. David Hermansdorfer issued a
December 17, 1977 order that the Report could not be released
unless an explanatory paragraph or caveat was added to it. 'On
January 24, 1978, the Judge affirmed his December 17, 1977
decision. These events occurred when mine safety and health
jurisdiction resided with the Department of the Interior.

After transfer of the mine safety and health program to the
Department of Labor in March 1978, the Labor Department reviewed
the Report and determined that the caveat to the Report was
inappropriate and renewed legal action to have the January 1978
ruling reversed. However, because of other priority litigation
relating to the explosion the effort to remove the caveat was
informally stayed and the Report sealed (except for in camera use
by certain attorneys) pending resolution of administrative civil
penalty cases and criminal indictments pending against Blue
Diamond and Scotia. The civil penalty action and criminal
indictments against Scotia have been resolved as well as the
various federal tort suits. The Report litigation, which was
inactive during this period, was then reactivated. After further
proceedings, the District Court for the Eastern District of
Kentucky ruled on June 14, 1985, that the Report could be
released after all explosion-related litigation was concluded (at
this time, two state court actions remained pending). However,
the court further ruled that any release must contain the caveat,
which the court found to be informational rather than
restrictive. At this point it was decided that no further
appeals would be taken. The matter lay in this posture while the
last of the pending state tort suits were being litigated to
conclusion. The Department was notified in August 1992 that all
pending tort litigation had been concluded. Therefore, the
Report may now be publicly released.

Because the Department believes that the Report is an accurate
account of what facts could be determined by the accident
investigation, and is of historical and current value, the Report
is being released to the public. While disagreeing with the
District Court orders of December 1977, January 1978 and

June 1985, but for the purpose of compliance with those orders,
we have included the caveat in the Report. This informational
statement is provided to fully explain the circumstances of its
inclusion and the 15 year delay in the release of this Report.

August 11, 1993



COURT ORDER CAVEAT

NOTICE: This Report is the subject of a pending legal action in
the United States Distrigt Court for the Eastern District of
Kentucky in the case of Blue Diamond Coal Co. v. Secretary of the
Interior, et al. It has been adjudged in that action that there
exist the appearances of agency impropriety which arguably affect
the trustworthiness of this Report. The Report has been remanded
to the Secretary for reconsideration.

January 24, 1978



Abstract

This report is based on an investigation made pursuant to the
Federal Coal Mine Health and Safety Act of 1969 (83 Stat. 742).7

Two gas and coal dust explosions, the first at approximately
11:45 a.m., March 9, 1976, and the second at approximately 11:30
p.m., March 11, 1976, occurred in the 2 Southeast Main area of
the Scotia Mine, Scotia Coal Company, ovenfork, Letcher County,
Kentucky. All 15 Men working in the 2 Southeast Main area at the
time of the first explosion died as a result of the explosion.
Ninety-one men in other parts of the mine at that time reached
the surface without mishap. At the time of the second explosion,
13 men were underground near the entrance of 2 Southeast Main; 11
died as the result of the explosion and 2 repairmen working a
short distance outby escaped without injury.

The names of the victims, their ages, occupations, training, and
experience are listed in Appendix A.

MESA investigators believe that the first explosion originated
near No. 31 crosscut in 2 Southeast Main when a mixture of
methane and air was ignited by an electric arc or spark from a
battery-powered locomotive. Forces of the explosion spread to
all five 2 Southeast Main entries, extended into 2 Left Section
off 2 Southeast Main and dissipated as they reached the Northeast
Main junction. See mine map in Appendix D.

MESA investigators believe that the second explosion originated
near the entrance of or in 2 Left Section off 2 Southeast Main
when a methane-air mixture was ignited by one of five possible
sources: an electric arc or spark from a battery-equipped deluge
system; three battery-equipped telephones; scoop batteries;
residual fires; or a frictional spark from a fall of mine roof on
a roof-bolting machine. The forces of the explosion extended
throughout 2 Left Section and all five entries of 2 Southeast
Main, spread north and south in all entries in both panels of
Northeast Main, and dissipated near the junction of 3 Southeast
Main in the northern direction and near the junction of Southeast
Main in the southern direction. See mine map in Appendix E.

iTn May 1973, the enforcement agency was removed from the
Bureau of Mines and became the Mining Enforcement and Safety
Administration (MESA), Department of the Interior. The Federal
Mine Safety and Health Amendments Act of 1977, effective March 9,
1978, redesignated the enforcement agency as the Mine Safety and
Health Administration (MSHA) and placed the agency under the
Department of Labor.
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PART I

GENERAL INFORMATICN

TR ——

The Scotia Mine, Scotia Ccal Campany, is located near Ovenfork in
Letcher County, Ke:mnicy,mﬂaem&‘o:kcfﬂ:eanwmmm,
mapp:admtely 14 miles northeas: of Cunberland, Earlan Camty,

msmeulmyisamnrmzdmbsidiaryofthemuémmﬂ
Ccal Company, Knoxville, Tennessee.

Pollcu:ingisaustofslmnian:nde::pcnteofﬁ:ials:

Gorden Barmyman President

Dr. Frank C. Thamas Exacutive Vice President
Jasper K. Cornett Vice President, Operations
R. D. Corraell General Manager of Mines

Fouadnqisalistofmagsmntafﬁcialscfﬂnmm::eatthe
time of the cccurrences:

Freddie Maggard General Superintendent
Richard Carter Assistant Superintendent
Richard Coribs General Mine Foreman
Garland Couch Chief Electrician
Charles Kirk Safety Inspectcr

The Scotia Mine was started in July, 1962. It was ariginally opened by
nineslcpemciesimothembodencoalbedmidzave:amHindasm
thickness locally. Mslcpemieswmdevelqdintoﬁewamm
inclinedduetoﬂ:epit:hirgchancm:isdc.ofﬂeccuhedﬁmits
cutercp. The cutcxop slope entries, South Main, dip approximately
SpercmtfuradiswnedMI.wOfeetﬁmthemfm. The
em::iesﬂmdipaboutl.smfarmﬁiﬁmlhooo&ettoﬂn

1 West Main, Inby this point for a distance of approximately 8,500 feet,
the coalbed is relatively even with cccasicnal dips and rises. The coalbed
sasth of Northeast Main rises cn a 2 percent grade.

In1375.anadditicmlop=ninginthefmna£acm=:ete-ﬁ:ed13.5-fcct
dizmeter shaft, 376£aetdeep,mnise-ba:edmﬂrﬂ1efmamsof
Northeast Main. The lining of the shaft was campleted July 21, 1975,
and werk was bequn to install an autcmatic elevater. on March 9, 1976,

such wark had not been campleted and the shaft was being used cnly as an
intake air cpening.

of 310 enployees, 275 worked undergroand on 6w coal-producing shifts
and cne maintenance shift per day, 5 days a week. Approximately 2,500
tens of coal were produced daily on six active secticns,’ et
five contimicus mining sections and cne conventional mining sectien.



A'stmdardchamelsampleofcoaltakminzmmast.ainbym
persumelwasamlyzedbythehremoflﬁneslaborato:yin?itumrgh,
Pemnsylvania, as follows:

Percent
Moistare 1.9
Volatile Matter 29.3
Fixed Carben 44.9
Ash - 23.9

mwmmm&mmmummtmm
having a volatile ratio of 0.12 and higher is explosive. The volatile
ratio of the coal in 2 Southeast Main is 0.395.

On Maich 8, 1976, on the evening shift, a Federal Coal Mine Inspecter .
ma&lthand&fetymmspecﬂmmzmmoﬁ
2 Southeast Main.

MINING METHCDS, CONDITIONS AND BCOUTPMENT

coalmsbeimamcteabytherm-uﬂ-pim:systsnofnﬁ:ﬁng. Pillar
émcﬁmmm:tadaspartofthgminirgsquam. Entries, romms
‘and crosscuts were driven approximately 18 feet wide en 64~ to 96~-foot
centers, The sections being worked were: 1 West Main, 1-1/2 Right 2 East,
Southeast Main, left Panel Scutheast Main, 2 left off 2 Southeast Main
and Richt Panel Northeast Main,

The immediate roof was gensrally weak shale. Roof bolts had been installed
mafuupattemthrwgm:tﬂ:emimandposts,cribsandmssbars
supplemented the rcof bolts in many locaticns. For approximately 2 years
Freceding the accident, resin-grouted roof bolt rods were installed on

a full vattern throughout.

m:emﬁhdmmiﬁnedbyaae&:ey-em-%mtmem irng
in tue 4B~4S blade position. The fan was installed on the surface and
was exhausting approncimately 225,000 cubic feet of air a mimite at

6.2 inches water gauge pressure. Approximately 175,000 cubic feet of air a
nﬁnmemsmwdmattmnainslopeopmﬁ:gsandso,ooo@bicfeetof
air a minute was intaking at the 13.5-foot diameter air shaft in the



Northeast Main area. The fan was V-belt driven by a 500-horsecower
electric motor which rotated at approximately 900 rm.

The Nos. 1 and 2 entries of the main slope entries were retizn aircourses.
A belt conveyor was installed in the No. 3 entry and Nos. 4, Sand 6
entries were intake aircourses. The Nos. 1 and 2 entries were badly
restricted by falls of rcof. n order to provide additional escapeways
and return aircourses for the mine, three entries had been driven from
the surface adjacent to and parallel with the slope retuxn aircourses
from a distance of approximately 2,000 feet to intersect the old left
panel entries of the South Main. Stoppings had been erected in these
left panel entries to isolate the new retiums from the remainder of the
mine until such time as the necessary work was completed to connect them
to the mine return system. This area was isolated at the time of the
explosions. Ventilation for the new returns during development and at
the time of the explosions was induced with a Jeffrey 48-inch fixed
blade fan exhausting approximately 46,000 cubic feet of air a mimute.

Each of the six working sections was ventilated with a separate split of
air, Overcasts and permanent stoppings were constructed of incambustible
material. Line brattice was used to direct ventilation to the working
faces. According to Federal inspection reports of 1975, the total mine
methane liberation was 568,000 cubic feet in a 24-hour pericd. An air
sample collected during the last Federal inspection completed February 27,
1976, showed that the 2 Socutheast Main area was liberating 69,000 cubic
feet of methane in a 24-hour pericd.

Preshift examinations were reportedly made and were recorded. The mine
was operating two coal-producing and one maintenance shift per day. One
ﬁrebosswasassignedtoemdnethemﬁ:epﬁo:tothefmtcoalm
ing shift each day 'and the first shift following an idle pericd. The
examinations for succeeding shifts were made by certified
persens during their regular tour of duty. On=-shift and weekly examina-
tions were made by certified on—-shift examiners. The results of examina-
tions for methane and other hazards were recorded in bocks on the surface.

Testirmony presented during the public hearings conducted at Whitespurg,
Rentucky, before a special panel appointed by the Secretary of the Interior
to determine the causes of the explosions indicated that the recording

of preshift examinations an the nonr-ccal producing shifts was hichly
irreqular and that the examinations themselves were perfunctory and incanr
plete. ‘

The mine was opverating pursuant to a Ventilation System and Methane and
Dust Control Plan which had been most recently approved on June 25, 1975.
Subsequently, surplemental dust control plans were submitted by the
operator and approved by the MESA District Manager. As required by law,
the ventilaticn plan was sulmitted by the operator for review curing
January, 1876.



This plan contained discrepancies in the location of same of the ventila-
tion conitrols and was returned to the operator for revision. A revised
plan was sukmitted and received by the District Manager on March 1, 1974,
It wae being evaluated at the time of the first explosion. The aprruved
plan of June 25, 1975, required that a minimm of 9,000 cubic feet of air
a minute pass through the last cpen crosscuts and at the intake end of
the pillar lines. A minimm of 3,000 cubic feet of air a minute was
required to be delivered within 10 feet of the deepest point of penetra-
tich of the working faces vhere mining operations were in progress. -
‘Plastic brattice material was used to provide face ventilation on all
sections, with an exhaust system used on the comtimxous mining sections
and a blowing system used on the conventional mining section. A bleeder
system was provided for secend mining areas.

The 2 Scutheast Main entries rose cn a 2 percent grade and had been
advanced approximately 3,700 feet inby the Northeast Main, The venti-
lation system utilized the Nos. 1 and 2 entries as return aircourses,
No. 3 as the belt entry, and Nos. 4 and 5 entries as intake aircourses.
The mining height (8 feet plus) encountered in the face areas mace for
difficult mining with the available equipment so the cperator decided to
move the equipment back afid start the 2 Ieft Section. In early Pebruary,
1976, the 2 left Section was started off the return entries of 2 South-
east Main before permanent ventilaticn was established. Zccess to the
2 Left Section was gained by removing two permanent stoppings, cne 4
the track (No. 4 entry) and belt entry (No. 3 entry) and cne between th¥-.
belt entry and the No. 2 return entry at No. 23 cxosscut, 2 Southeast .-
Main, A check curtain was installed between the Mos. 3 and 4 entries B
course ventilation up through the 2 Southeast Main entries and back tr
unsztm'-,mﬂnmmms,mmmmmntm-
Teny that the check curtain-was maintained only intermittently and in a
haphazard mammer and that little effort had been made to maintain it at all
after the track was laid into 2 left Section. Miners who worked on
2~IaftSeanmtestiﬁeitlmtmﬂ:eevmmgpriortotheﬁ:sta:plosim
they were sent by the section foreman to install check curtains across
the two intake entries of 2 Southeast Main inby 2 Left when the Federal
Coal Mine Inspector issued a Notice of Violation for insufficient air in
the last open crosscut. They stated that the check curtains were taken
down at the end of the shift. Construction of cvercasts at the entrance
onIeftSectimmsinprogressatthetineofﬂaemrchSexplosim.

During the last Federal inspection of the entire mine, campleted February 2
1976, Notices of Violation were issued when a Federal Coal Mine Inspector
found less than 9,000 cubic feet of air a minute reaching the last open
crosscut in three of the active working sections. The air was promptly
increased to more than 9,000 cubic feet a minute and the Notices of Vie-
lation were terminated.

O the evening shift of March 8, 1976 (theeven.ingbefcreth_ef:’:sta:p{
sion), a Federal Coal Mine Inspector made a Health and Safety Technical
Inspection on 2 left Section off 2 Southeast Main. During the course of
ﬂzisinspectimthreebbﬁcesofvmhﬁmmreissuedpusuanttc%cdm
104 (b} of the Act, two of which were for noncampliance with ventilation
requlations. One was for failure to maintain the line krattice to within

4



10- feet of the face, the other for failure to maintain 9,000 cubic feet
arair a mimite passing through the last open cyosscut. - The line brattice
was extended to within 10 feet of the face and the air passing through
the last open crosscut was increased to 10,472 cubic feet a mimute. The
Notices of Violaticns were terminated.

The track haulage entries, separated from belt conveyor entries and
return entries, were designated intake escapeways. The belt conveyor
entries, except for portions driven prior to December 31, 1369, were
separated from intake and retizz air emtries and ventilated by separate
splits of air. There were no bare trolley or trolley feeder wires in wne

There were no oil or gas wells cn the mine property.
Coal Dust

During a Health and Safety Inspection conducted Jamuary S, 1876, through
Tebruary 27, 1976, the surfaces of the Scotia Mine ranged from damp to
wet. Nine 104 (b) Notices of Viclations were issued during this inspec-
tion for accumlations of loose coal, coal dust and float coal dust
on previcusly rock-dusted surfaces. Dust samples collected on surveys
of the 2 Southeast Main area during previocus inspections had revealed
the rock dust to be adequate. During the Health and Safety Technical
conducted on the evening shift prior to the first explosion,
the inspector found rock dust to be adequate in 2 Left Sectiem.

Water was used to allay dust during cutting and loading operaticns. The
cleamp was accomplished by shoveling the loose coal and coal dust f&rom
theribs.byhmdand‘ioading ii_:withba.tbay-pwe:ed sccops. FRock dust

Electzici

Three-ghase power at 69,000 volts was purchased from Kentucky Power
Campany, reduced to 12,470 volts and transmitted to a surface substation
near the mine portal. At the surface substation, electric power was
reduced to 7,200 volts by a bank of three 1,250~kVA single-phase trans-
formers for underground distribution. The transformers were connected
delta-wye and the secondary neutral was grounded thxough a 25-ampere
current-limiting resistor. A grounding circuit criginating at the

side of the resistor was used to ground metallic frames of all
high-voltage equipment served from the circuit.

A 600-ampere oil circuit breaker in the surface substation was equipped
with a ground check monitor circuit and relaying designed to provide
cverlcac, shart-circuit, grounded-phase and undervoltage protection

for the hich-voltage underground circuit.



The three-phase high-voltage circuit entered the mine by means of
shielded No. 4/0 2WG, three~conductor cable installed in a borehole
located within the surface substation.

An air-break disconnecting switch was installed in the high-voltage
circuit at the bottom of the borehole. Portions of the undergrownd
high-voltage circuit ccasisted of Nos. 4/0, 2/0, and No. 2 AWG, three-
conductor, high-voltage cable, all of which were equipped with metallic
shielding around each power conductor. Ame-linediagramofthehigh-
voltagepomrastsn&m&xemrfacesubstatimtoZLeftSecﬁm
oﬂzsmtheastminpmmcenterismainedinFigureloprpaﬁixJ.

A"Y”-bm:wasinstalledatthehegimi:gofthehigh-voltagebrmchci:-
aﬁtsa&aﬁ@ng;oﬂ;ecoal—p:mmqm. (_)neofthe“Y"-bo:esgon-

Eédzoft‘ermhhgfour"?-bwescmtamedmmree-pole-fuseddis-
connect switches. 'mesesm'.tchesp:widedvisibleevidenceofcircuit
deenergizationandvareequig:ed, ﬁthchvicestoprwidegromded—phase
and undervoltage protection. Qurrent-limiting fuses (rated at 160 or
ZOOa@eres)incuzjmtimvdththeMtdwespmvidedoverloadand
shor:—ci:cuitprotectimfm:theinbycirmits. Each "Y¥"-box was also
equippedwithgramdzerkci:cuitstoprcvidegmmdd:ecknmitoring
for the circuits extending inby.

The 23 portable power centers in the mine ranged in size fram 112.5-K7A
to 500-kVA. These power centers reduced the 7,200~volt alternating
current to 480-volt alternating current for the coeration of 18 belt
cmveyor drive units, 29 pumping stations, five battery-charging staticns
andtheelectricequiptentofthesixcoal-producingsectims.

Theportablepwercentersvhichmppliedmrtothebeltmeycr
drive units, dra.inageputpsandbatteryd:argersvareequippedwit.‘i
molced-case circuit breakers which had devices that provided short-
circuit, grounded-phase and undervoltage protection for the 480-volt
circuits ariginating at the power centers. In most cases, the over-

The section power centers supplied three-phase, 480-volt ower to sectid
distribution boxes which in turn supplied three-phase, 480-volt power
to the electric equipment on the secticnms. The section power centers



were eguipped with molded-case circuit breakers which had devices that

provided short-circuit, grounded-phase and undervoltage protection for

the circuits ariginating at the power centers. The section distributicn
baxes were equipped with molded-case circuit breakers which had devices
that provided shert-circult and gramded-phase protection far the trail-
ing cables extending to the electric face equipment and other electric

equirment cn the sectiens.

Tzansportation

Coal was transported from the face areas in shuttle cars and transferred
to belt conveyors cn which the coal was transparted to the preparation
plant located on the surface near the mine portal. Mine supplies were
transported in open mine cars pulled by battery-powered, track-mounted
locamotives. Trolley wire was not utilized in the mine.

-Men were transparted underground in closed self-propelled, battery-
powered, track-mounted persannel carriers and/or open cars pulled by
battery-powered, track-mounted locomptives.

Cammnication

Cammication between varicus points in the mine and the surface was
accanplished by the use of permissible-type Mine Safety Appliances
telephones, Approval SB-8, installed at necessary lecations throughout
the mine and at surface facilities and intercomnected by means of
two-conductar telephcne line.

Fire Protection

The campany's program of instructicn; location and use of firefighting
-equipment; location of escapeways, exits and routes of travel; and evacu-
ation procedures and fire drills was received by the District Manager
on July 17, 1974, and approved September 5, 1974. Bvamat.x.onmps
shan.ngescapercuteswerepostedaneaduwudu.ng

Adequate firefighting facilities were provided at the mine. Suitable
fire extinguishers were kept cn each working secticn and at each electri-
cal installatien. Water for dust-allaying and firefighting purposes
was to be provided fram a 200,000-gallon tank located cn the hill approsd-
mtelyzzsfeetaboveﬂ:\emnepcrtal Four:-mchp:.pevasusedtnt:ans

Inadditim,anbeltdrivesmepmndedthhautmaucdelugesyste:s
designed to activate in the event of a belt drive fire. These units
narmally cperated fram a 110-volt a.c. power line. A standby power
saxce,misu:xgofms-«mltclobeGCSBOGel/CeIl?Sme-m
rechargeable batteries connected in series, was enclosed in the control
bax. Firef;ghtmgfaciliuesweremtneededd\mngtbermmyopera—
tions.



wmmmlmmmmmmmmm
pexmissible explesives for blasting ccal. Shots were fired with a per-
missible-type shot-firing wnit. Explosives were used cn constructicn
projects throughout the mine.

'majnﬁngrogr&:t-MicalAssistmweProam

mPrcposedgrai:g;ggplmfcrlsmmsreceivedbytbeDistrictMamger
@ Decamber 23, 19 » and approved January 26, 1976. The approved pro-
grmnprcvidedﬂ:atallrequ;zedtninﬁngecmpletedmmgapprcved
mterialsandtechniqugs.quuﬂadinstmcto:suﬂmlymintained
records, Mmynﬂnersstatedthatﬂ:eyhadrweivedlittleormtrainr
,pard.cxﬂaxlyintheuseofself—rescuedevices,mrhadthey -
ticipatedinapmgranofﬁmtmcdmrelativetoﬂxeﬁghﬁngandevac#
uvation plans. Scheduledt:raim’.ngclassesvierepom:lyattended:smemre

taken to the Whitesburg Appalachian Regicnal Hospital, Whitesburg,
Rentucky, or the Valley View Camumnity Hospital, Benham, Rentucky.

Illumination and Smoking




Mine Rescue

The Scotia Ccal Carpany did not maintain a mine rescue team. Prior to
the first explosion, self-centained breathing equipment had been ordered
by the cperator and plans had been made to train a mine rescue team

as socn as the equipment was received.

Employees were to carry cne-hour Drager cr MSA self-rescuers.

According to the last Federal inspecticn of the entire mine, completed
February 27, 1976, adequate escapeways were available from the working
secticns to the surface. The check-in and check-cut system consisted
of placing a metal check corresponding to the miner's lamp number cn a
check-in board. An examinaticn of the lamp racks provided a double
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PART II

EXPLOSION AND RECOVERY OPERATIONS, MARCH 9, 1976

Participating Organizations

Officials of the several crganizaticns who assisted in directing the
recovery operations include: Jasper K. Comett, Vice President, Opera-
ticns, and R. D. Cormwell, Generali Manager of Mines, Blue Diamond Coal
Carpany; Freddie Maggard, General Superintendent, Scotia Coal Company:
Harreld N. Kirkpatrick, Commissicner, Kentuwky Cepartment of Mines and
Minerals; Robert E. Barrett, Administrator, and John W, Crawford, Assistant
Administrator, Coal Mine Health and Safety, Mining Enforcement and Safety
Administration. :

Ten mine rescue teams from the following organizations participated
in the recovery operations:

Westmoreland Coal Campany, BigStcneGaéyvuginia (2 teams)

Beth Elkhom Corporaticn, Jenkins, Kentucky (2 teams)
Internaticnal Harvester, Benham, Kentucky

Names of the mine rescue team mambers and-other perscns who participated
in the recovery cperations are listed in Appendix B.

Activities of MESA Perscmmel

At 12:26 p.m., March 9; 1976, Charles Kirk, the Scotia Safety Inspector,

the occurrence of an ignition in the mine to the Whitesburg,
Rentucky, MESA Field office. Federal Coal.Mine Inspector Cecil Davis
msdispatdad&&anﬁmaxﬁﬁnbis&ict@aqer,@l&mﬂe&lth
and Safety District 6, Pikeville, Ky., was notified. Minutes later,
mkrepcrtedﬂeocumemetobeana@losimwiﬂalsofmelOSm
underground unaccounted for. Herman Lucas, Federal Coal Mine Inspecticn
Supervisar; Rick Keene, Mining Engineer; Jack Collins and Jomn South,
Federal Coal Mine Inspectors, left immediately for the mine, and the
District Manager was informed of the situation at 12:45 p.m. The District
Mamgermtifiedﬂ:ernadq\n:tersofﬂceofmmmumm,Va.,at
12:50 p.m. Ee then called for the assistance of mine rescue teams from
xmymlmininga:@niesmddisptdxedoﬂernimictpermlm

Ml

MESA headcquarters office ordered the MESA mine rescue teams in Morgantown,
West Virginia, and Pittsburgh, Pernsylvania, to be airlifted to the

area and the Mine Emergency Operaticns Plan was initiated. The Arlingten
office notified the District Manager of Coal Mine Health and Safety
District S in Nerton, Virginia, of the emergency and instructed him to
contact mine rescue teams in soutlwestern Virginia fer their assistance,
and to then proceed to the mine with key perscnnel.
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Federal Inspector Davis arrived at the mine aprroximately 1:10 p.m.,
March 9, 1976. Davis was the first MESA official to arrive at the mine
following the explosien. He verbally issued an Order of Withdrawal
forthemﬁ:emimmﬂpostedam"mdtag"atﬂ:emine'porm.
Davisimediatelycteakedthefanandfmmdittobeapetaﬁngmauy.
Hedudcedﬂzefandischa:geforsmke.mhmeandcaﬁ:mmdde
cntent. &demmtcbsewed.themthmcoxrtmtms&th
mthgcad:mmd.decmmtwasBOpampumﬂJim. A written
mderofmwmlpmntmmloz(ﬂofthaktmissuedby

g.og. Taylor, Federal Coal Mine Inspection Superviscr, at approximately
H P..

MESAoffi:ﬁlslms.xeene.coninsuﬂSmthanivedattheMat
approcimately 1:15 p.m. Federal Inspectors began menitoring the fan
cmﬁ.mmsly? A short time later Evevett Bartiett, Hazard District

viser, mmwummmm,mmumm.
Asurfacemlcmtermsestablishadinthemofﬁceandnms
assumed direction of MESA activities. A system to record all recovery

Approximately 3:15 p.n., Bill W. Clemwns Assistant District Manager
District 6; and W. R. Compton, District Manager, Menroe West, Scbaieirict

International Earvester Team, Benham, Ry. = 3:00 p.m.
Westmoreland Coal Company, Nos 1 Team, Big Stone Gap, Va. - 3:00 p.m.
U. S. Steel Corporation Team, Lynch, Ry. = 3:19 p.m.
Westmore.and Coal Company, No. 2 Team, Big Stome Gap, Va. = 3:30 p.m.
Ry. - : pomo
Coal Company Team, Dante, Va. = 6:30 p.m.
Naticnal Mines Corporation Tesm, Wayland, Ky. - 6:00 p.m.
MESA (2 teams), Margantoun, W.Va.; Pittsburch, Pa. - 10:00 P.m.

Apprecimately 5:20 p.m., Barreld N. Rirkpatrick, Comissicner, and Sam
Johnsan, Assistant to the Commissioner Rentixky Department of Mines
ard Minerals, arrived at the mine. )

Approcimately 8:30 p.m., Robert E. Barrett, Administrator, MESA, John W.
CGrawford, Assistant Administratar, Coal Mine Baa.]_.th and Safety, and

w G. Peluso, Assistant Mministrator, Technical Support, arrived at
mine.



Mining Conditions Immediately Prior to the Explosion

The weather cn March 8, 9 and 10, 1976, was cold and clowdy. By late
evening on March 11, it was clear and the temperature had increased from
32° to 50° Fahrenheit. The temperatures and barametric pressures for this
pericd of time recorded at the U. S. Department of Commerce Naticnal
Weather Service, F.A.A. Statiocn, London, Ky., which is about 70 air miles
fram the Scotia mine, were as follows:

Date Time Temerature (°F) - Barcmetric Pressure

7:55 a.m. 32° 28.84
March 9 11:55 a.m. 41° 28.36
7:55 a.m. 37° - 28.74

11:58 p.m. 50° 28.79

imi:westigato:sbelievethatﬂzeslightchangeinamsphericpresme
did not contribute materially to the explosion.

The 2 Southeast Main entries were developed about 3,700 feet from the

Northeast Main junction. The height of the entries in the faces, includ-
ingwalaxﬂinpriﬁes,mmcreasedfrmammlheightofﬁfeetto
about 8 feet. According to statements fram company officials the work-
ixgheighta:ﬂﬂaesizeofﬂeminﬁ:gequi;nmtweremtcmpaﬁbleso

the campany decided to stop development of 2 Southeast Main and move

the equirment into 2 Ieft Section. The mining equipment was moved back
and 2 Ieft Section was activated in early Pebruary, 1976. It was worked
faraperiodofabautmezmﬂuwiﬂmtiasﬁalﬁngpemxmtvmtﬂatim
cmt:ols'(cvgastsprairlmkdoc:s)mﬁshwwl@havepmvidedpositive

oonstruction when the explosion of March 9 occcurred. Concrete-block
stoppings were removed at No. 23 crosscut between the Nos. 2 and 3, and
3 and 4 entries to permit entry into the Section. Reportedly, a plastic
check curtain was-installed across the latter cpening to control the air
current.

Acco:dingtohiststinmxygimatﬂzeofficialhearings,JmsBmﬂey,
Assistant Mine Foreman in charge of ventilaticn, made a weekly inspec-
tien of 2 Southeast Main and the 2 left Secticn on the day shift of
March 8, 1976. BHe stated that he made tests for methane with a "gas
meter® at several locatioms in 2 Scutheast Main inby 2 Left and at the
faces of each of the five entries. He also made tests for methane in
each of the five faces in 2 Left Section. The highest methane content
detectsd in these areas was 0.3 percent. He stated that he did not take
ai:quantitymeasmanentsineiﬂmroftbseareas,butanairmame-
ment of 17,820 cubic feet a minute was taken at the 2 Southeast Main
regulatcrlocatedinbb.lm':rynearﬂ:emrdueastminjwﬁm. Bentley
statedinitiallythattberewasmcheckcurtaininthem.acmsm
bebaeenNos.Barﬂ4mies,23mrdnastmin,acxossthetrackgoing
into 2 Left Section. Ilater in his testimomy, he stated that there was a
ially erected check curtain at this locatien. He instructed the
Erattice men who were working nearby to repair the check curtain and



o make sure it was kept up. This check curtain controlled the air
Qurent that ventilated 2 Scutheast Main inby 2 Left Secticn.

n March 8, 1976, at approxcimately 2:00 pun., Cecil Davis, Federal Inspec-
tor, anivédatéhemmcaﬂmaaealﬁxgnd&fetgmdmimw

&mfmdﬁmtnoﬁaﬁaﬂnranymﬁhﬁmcmmlsmw
across the track entry going into 2 Left Section. He did not
zsqrtheastnaininbyzr.eftd:ﬁ.nghisinspectimofmrdxs, 197e6.

A Notice of Violation of Section 75.301, Title 30, CFR, for
failmre to maintain at least 9,000 (8,092) cubic feet of air
a minute in the last open crosscut.

A Notice of Viclaticn of Sectier: 75.301.1 for line brattice being
25 feet from the face of No. 5 entxy.

A Notice of Viclaticn of Section 75.316 for ircperative water
sprays on the contimuous mining machine,

'memtofairreachingthehstopencmssmtwasinc:aased'm
10,4720.'bicfeetqnﬂmtevdﬂﬁnthe:equi:edtimof30mimtasby
repairing the check curtains {ventilation controls). The line hrattice
wasactsﬂﬁtowiﬁﬁnlOfeetofthefaceofNo.Sen&ywiﬂﬁnthe
requiredtineoflOnﬁ.g;tes. Theopa:amrmsgivanmtilttg.m.,

ofViolatimbyInspectmDavisfnrfailmetomintainatleastQ,Ooo
cubicfeetofai:anﬁmteinﬁmelastopencmsscut. Smith stated that
mnimandmgga:dhelpedhiminstauthed:ed:aminsmssms.4
andSentriesatalccatimabcutthzeecmsscminbyzzeftSecﬁm.
meNos.4and5entrisuerethemlyhmkea5:waysfo:ZSoutheastMain.

wmmm,mmmmmmmmzm

Sectim, sbatedﬁxatatthea:doftheseamdshift,asﬁzecrew-wasl '
the section on March 8, 1976, James Williams stopped the porta-bus at th__.

14



routh of 2 Left and instructed Gary Smith to remove the two check cur-
tains that he had installed a few hours pricr. Carlos Smith and Foy
McRnight were sitting closest to the exit of the porta-bus. Carlos Smith
told James Williams that he and Roy McKnight would take the check curtains
down. Carlos Smith removed the check curtain across Mo. 5 entxry and Rey
McRnight removed the curtain across No. 4 entxy.

Pecords of the preshift examinations made by Charles Fields, fire boss,
and-Arvil Cornett, third shift Mine Foreman, cn March 9, 1976, indicated ne
unsafe conditicns. The presence of methane in an amount of cne percent
or more was not recorded. Accarding to these records Fields made the pre-
shift examination of what is noted as "2 SEM" and reported that more than
14,000 cubic feet of air a mimute was passing tt gh the last open cross-
cut. However, according to testimony by Cornett at the official hearings,
he made the preshift examination of 2 Ieft Section. He stated that only
10,120 cubic feet of air a minute was passing through the last cpen cross-
cut. Addiﬁmmltestimyrevealedthateventmughmmeth&equenﬂy
assisted Fields in making the preshift examinations, Fields signed the
reports. Fields stated that he could not make the preshift examinations
of the entire mine by himself in the time permitted by the Act to complete
pratﬂ.ftaaminaticnsbecauseofﬂaeextmtoftheminemrkings.

Even though the 2 Southeast Main Section became inactive in early February,
1976, and the mining equirment had been moved into 2 lLeft Section which
was approsimately 1,700 feet cutby, the fire boss records contimied to
designate what was noted as "2 SEM" and did not record the active section
-n 2 Left off 2 socutheast Main. Testimony of Fields and Cornett revealed
that preshift eaminations were made, nonetheless, in the active secticn,
2 Left off Southeast Main; but were not made in 2 Southeast Main inby 2 Lef
cn March 9, 1976. ~

The Explosion

On the morming of the explosicn, March 9, 1976, the day shift (7:00 a.m. -
3:00 p.m.) crew of 106 men entered the mine and were transported to

their working areas by batterv-powered porta-buses and locawtives. Of
the 106 men underground, 13 were in 2 Scutheast Main and 2 left Section
off 2 Southeast Main (explosicn area). Of those 13 men, nine men under
the supervision of Virgil Coots, Section Foreman, were producing coal

in 2 Left Sectioch; two men were building overcasts at the mouth of 2 Ieft:
and ane man was tending the 2 Left belthead located at the mouth of 2 left
in No. 22 crosscut between Mos. 2 and 3 entries of 2 Southeast Main.

According to his testimony at the official hearings, on the morning of the
explosion J. P. Feltner, Underground Construction Foreman, called Richard
Cambs, General Mine Foreman, about 7:30 a.m., after all the mantrips and
ren had entered the rine and told Combs that he would have a load of
steel rails delivered Zrom 1 Right off 2 East to 2 Southeast Main.




Conbs and Feltner had discussed delivery of the load of rails to

2 Southeast Main several days pricr when Cambs had expressed a need tf
extend the track in 2 Southeast Main preparatery to reactivating the
secticn. After Feltner arranged to have a motcr crew pick up the rails
and deliver them to 2 Southeast Main, he traveled to 2 left Secticm in
search of a rail bender and cxygen—acetylene tanks. He stated that James
Bentley was with him while he was in 2 left Section. Feltner d&id not
make tests for methane or take air measurements while he was in this area
of the mine, nor did he go inby 2 left Section. Feltner stated that
there was no check curtain across the track

cbserved a piece of plastic alang the track on the mine flocr between
Nos. 2 and 3 entries, near where the check curtain was supposed to have
been hing. EHe stated that he was aware at that time that the absence of
a check cauxtain at this location caused a short circuit of the air current
which was ventilating 2 Scutheast Main inby 2 Left.

Feltnmer testified that in his cpinion this check curtain had been recently
torn dam because it was difficult for vehicles to pass through the
check curtain without damaging it or tearing it down.

Feltner left the 2 Southeast Main area and traveled to the mouth of
Northeast Main where he met the motor crew with the load of rails. The
moter crew, cperating the Nos. 6 and 8 battery-powered locomotives, had
stopped at the charging station at the mouth of Northeast Main to charge
the batteries on the No. 6 locamotive. Felimer stated that two locomotives
were used to transport the load of rails because the batteries on the M.
Slomtivewe:ediscbuwdandcnlymesetofuud:swasopmﬁngh(;
the No. 8 locomotive. The No. 6 locomotive, a 7-ton Goodman, equipped

to the No. 8 loccmotive. . Feltner stated that the motor crew left the

mouth of Nertheast Main pushing the truck load of rails toward 2 Southeast
Main about 11:35 a.m. Ee stated that it would have taken the motor crew
about 10 minutes to reach 2 Socutheast Main inby 2 left Secticn. He stated
that the motor crew did not have gas-detecting ecuipment, and that he had
not at any time instructed them to make any tests or examinations of

2 Southeast Main inby 2 left befcre entering the area. Ee thought that the
area inby 2 Left had been preshift examined because it was cn intake air.

Feltner stated that he left the mouth of Northeast Main at the same time
as the motor crew and traveled to Southeast Main where scme of his cresv

were setting timbers along the track haulage road approximately 800 feet
inby the Southeast Main belt drive. Shortly after he arrived at this loca-
tion, at approximately 11:45 a.m., he felt a gust of air moving cutby

opposite to the ventilating current's nommal directien and cbserved rock
dust in suspension. BHe thought that the gust might have been caused by a
crushed-out stopping outby and he took his crew to investigate. They had
traveled outby about 600 fest when the ventilating current reversed to #
ncxmal direction. After Feltner learmed that an explosion had occurred !
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he contacted all active sections of the mine except 2 laft off 2 Scuth-
east Main,

According to his testimeny given at the official hearings, James Bentley
made an inspection cf the abandomed 2 left Secticn off Northeast Main

on the morning of the explesion. Be found that a regulator was open
approcimately four feet wider than he had ariginally set it after the
section was abandcned. After campleting his inspection of this section
heret\medtotheregulat&andclosedittothectigimlpositim. He
mkmmmma:ﬂtmwedmthem.Bbeltdrivemhw_
eastMainneartheentranceof3SoutheastMamwlmeatd@hmewas
located. Ee called Lawrence Cchen, Secticn Foreman in the Left Panel Sout
east Main, and advised Cohen of his location. Bentley asked Cohen to take
an air measurement on the Ieft Panel and call back. Bentley then called
Vi:gilccots,SectimFbremnintheZIeftSectimoffZSUuﬂ:eastb&ain.
azﬂtold(bctsthathehadinspectadBSou&:east.RightPane.lNorth—
east Main, Northeast Main and 2 left Secticn off Mortheast Main, Bentley
mmmmtmfmmmmmmzmsaimoffw
Main open about four feet wider than it was supposed to be and that his
closmgofﬂ:eregulamtoitscrigimlpositim}slnudimmasethe

Coots told Bentley that he would go aut to the mouth of 2 Ieft Secticn
vhe:ebmmwerehﬁjdingomsts.mﬁdetemineiftbemhadm
a stopping which could have short-circuited the ventilation. Approximatel:
wo mimutes later, about 11:45 a.m., the explosion occurred.

The motor crew delivering the txruck load of rails had reached their destir:
timatﬂaeaﬂofﬂamdcinzmminvtmtheacplosimm
Including the two locamotive operators, ‘there were 15 men in the 2 Southea:
Main area when the explosion occourred. All died as a result of the explos:

Electrical Fouimment in the Fxplosion Area

Electric circuits and equirment that were installed and/or operated in the
explosion area.

The energized electric equimment located at the intersection of 2 South-
east Main and Northeast Main. , '

l. Cne BXO, 300-XVA belt power center, Serial No. 503-300~-p-1,
located in No. 180 crosscut.

2. One Msign Electric, 7,200-volt "Y"-box, Serial No. M-1157,
located in No. 182 crosscut.

3. One 480—volt, 1S0-horsepcwer belt conveyor drive wnit for the
Mortheast Main No. 2 belt. '

4. One Mnsign Electric, 480-volt, 150-horsepower belt controller
with external control circuitry, Serial ¥o. 44WR7-150-20,
located at the Northeast Main Mo. 2 belt drive.
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S.

7.

8.

9.
10.

11.

ne Wise Industries, Incorporated, (120-volt a.c./l12-volt)

battery-powered deluge water spray system for the Northeast

Main No. 2 belt drive.

Cne 480-volt, 75-horsepower belt conveyer drive unit for the

2 Southeast Main Lelt.

(tne Iong-Airdox, 480-~volt, 75-horsepower belt controller with

belexte:nal control circuitry, located at the 2 Socutheast Main
t drive.

(ne Wise Industries, Inccrporated,—(120~volt a.c./12-volt)

battery-powered deluge water spray system for the 2 South-

east Main belt drive.

Cne 480-volt, l-horsepower portable pump, located in No. 167
crosscut Mortheast Main. '

Cne Mine Safety Appliances, 24-volt, battery-powered telephcne
MMattmmt&s&tia;onSQ;thast-MainandNortheast '
Main.

A Pyott-Bocne, Incorporated, fire detection system.

The energized electric equirment located at the intersection of 2 left
Secticn and 2 Southeast Main.

1.
2.
3.

4.

S.

One Ensign Electric, 112.5-kVA belt power center, Serial No.

240, located in No. 20 crosscut.

one 480-volt, 75-horsepower belt conveyor drive wnit for

2 left Section.

One Long-Airdex, 480-volt, 75~horsepower belt controller with

mecl;emalcmtolci:mit:y, located at the 2 Left Secticn belt
ve.

Cne Wise Industries, Incorporated, (120~volt a.c./12-volt)

battery-equipped, deluge water spray system for the 2 lLeft

Section belt drive.

One Mine Safety Appliances, 24-volt, battery-equipped telephcne,

located at the 2 Left Section belt drive.

The energized electric equipment located in 2 Left Section.

1.
2.
3.

4.

S.

One Ensign Electric, 500-kVA section power center, located in
No. 1 crosscut between Nos. 3 and 4 entries.

(ne section distributien box, located in No. 4 crosscut between
Nos. 3 ard 4 entries.

One pennissible-type Lee-Norse continuous mining machine, Model
No. Q38Y-3E/60, Approval No. 2F-1604A, Serial No. 3669, located in
the face of No. 4 entxy.

One permissible~type Naticnal Mine Service Company shuttle car,
Model No. 48, Approval No. 2F-14902, Serial No. 130, located
directly behind the continuous mining machine in No. 4 entxy.
One permissible-type Naticnal Mine Service Campany smittle car,
Mcdel No. 48, Aprzoval No. 2F-1490n, Serial No. 702, located in
No. 3 entry between Nos. 3 and 4 crosscuts.



6. Cne pemmissible-type Galis roof-bolting machine, Model No. 320,
Approval No. 2G-2631A-1, located in the face of No. 2 entxy.

7. One permissible~type Galis roof-bolting machine, Model No. 320,
Approval No. 2G-2631A-1, Serial No. 3253360, located in No. 1
entry between Nos. 4 and 5 crosscuts. It could not be determined
whether or not this roof-bolting machine was energized at the
time of the March 9 icn.

8. (ne Iong-Airdox belt feeder, type FEM-56, Serial No. 54~110,
located in No. 3 entry between Nos. 2 and 3 crosscuts.

S._.(ne Porter Electric battery charger, located in No. 3 crosscut
between Nos. 3 and 4 entries. This battery charger was
carmected to the two 64-volt battery trays on the Elkhorn scoop.

10. One permissible-type Elkhorn battery-powered scoop, ‘Mcdel No.
AR4, Approval No. 2G~2271-13, Serial No. 4753608, located in No. 3
crosscut between Nos. 3 and 4 entries. The two 64~volt battery
trays on the scoop were connected to the battery charger.

1ll. One pemmissible~type Mine Safety Appliances, 24-volt, battery-
equipped telephcne, Approval 98-8, located in No. 4 crosscut
between Nos. 3 and 4 entries.

The energized electric equiffent located in 2 Southeast Main inby
-2 Left Secticn.

l. One pemmissible~type Westinghouse-Whitcamb battery-powered loco-
motive, Serial No. 80218, Approval No. 1537, Campany No. 8,
located in the track entry at No.” 31 crosscut in 2 Southeast Main.
One Goodman battery~powered locamotive, Serial -
No. 5480, Approval No. 1532, Campany No. 6, located in the track
entry at Noo 31 crosscut in 2 Southeast Main. '

The nigh-voltage circuit breaker located on the surface, protecting the
underground high=voltage circuits, opened at the time of the explosion
andmtmaticanyrawveiallelect:icpcwerf:cnthemmewiththeemeg-
tion of:

1. The Mine Safety Appliances battery-equipped telephcnes.
2. The Wise Industries, Incorporated, battery-equipped del
~water spray systems.
3. The Pyott- » Incorporated, belt fire detection system.
4. The varicus battery-powered vehicles located throughout the mire.

Figure 2, Appendix J, shows the location of all energized electrical
circuits and equipment in the explosion area at the time of the March 9,
explosicn. Immediately after the explosicn, the Pyott-Boone, Incorporated,
fire detection system was deenergized £rom the surface.

2.

A pamping station had been installed at 1 East Main for the purpose of

rreventing flooding of the main line track. To prevent flooding after

the explosion, it was necessary to restore electric power to the pump.

Therefore, at 2:20 p.m., March 9, 1976, power was restored to the power
Center at 1 West Main which supplied power for operation of the pump at
1 East Main.



Recovery Ocerations

to available evidence, when the explosion ocowrred, Johm
Fackworth, belthead attendant, was at the 2 Southeast Main belt érive,
located in No. 3 entry left Panel Northeast Main. Ee was rolled a short
distance by the forces of the explosion from 2 Southeast Main but was not
seriously injured. Ee immediately called the surface and reported what
had happered, Failing to establish comumications with anyone in 2 South-
east Main, Hackworth dornmed his self-rescuer and proceeded into 2 Seuth-
east Main to investigate. Reportedly, he traveled approximately 2,200
feet without making contact with anyone before he was forced +o retreat.

Vm&mmmzmnbmmm»mtvmmgm
Panel were destroyed by the forces of the explosion. The 2 Southeast
minaﬁzrﬁtsﬂﬁmmﬁumlymofthendneaﬁectedbyﬂ:e

forces of the explosion except for the disruption of electric power throwgt

cut the mine. All persens underground at the time of the explosion came
" to the surface, except the 15 men in the explosicn area and a mmber of

g:f;ersmgaﬂmredatﬂam&25mﬁmstminmatmmam
ort.

MESA officials Keene and (ollins, accampanied by Rentucky official Everett
Barlett, entered the mine at approximately 2:05 p.m., March 9, and made
contact with carpany employees who were attempting rescue efforts. The
employees had partially repaired a damaged overcast in the Richt Panel of
Northeast Main near the entrance to 2 Southeast Main, and had i
five temporary stoppings inby the overcast. After examination and
ticn of conditiong in the immediate area near the entrance of 2 S
m.mmdedmm:mmmmamm,
approximately 2,800 feet cutby. They established a fresh air base at this
location at approdmately 3:00 p.m. .

Federal Inspectors West, Sample and Bowman entered the mine with two
rescue teams equipped with self-contained kweathing equipment at appresd-
mately 4:30 p.m., reaching the fresh air base at the entrance of Morth-
east Main aporoximately 20 mimstes later, All campany persommnel except
Bentley, Fargus Maggard, Maintenance Foreman, and Hackworth were withdrawn
to the surface at this time. After checking the returns on each side of
the Noertheast Main entries, the party advanced open face to the entrance
of 2 southeast-Main, After exploring this area the party established a
fresh air base in the track entry, cne crosscut outby the Northeast Main
Right Panel overcast at approximately 6:30 p.m. After the fresh air base
had been estahlished, recovery and rescue efforts inbv the fresh air base
were accamplished by mine rescue teams under oxygen. During debriefing,
cnly cne tesm reported that they had observed smoke during their explora-
tions. later during the recovery operaticns, they stated that they had
probably cbserved haze instead of smoke.

The recovery cpaat.:ms were continmuously hampered by insufficient ventila-
ticn. However, the entries were slowly cleared and the fresh air base

advanced in steps. At approcimately 9:49 p.m., the fresh air base was
advanced to No. 15 crosscut in 2 Southeast Main.
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After having been briefed, Administrater Barrett, Assistant Administrator
Crawferd and Assistant Administrator Peluso entered the mine accompanied
by Sam Jolmsan, Assistant to the Camissicner, Kentucky Department of
Mines and Minerals. They arrived at the fresh air base at approximately
10:00 p.m.

The first body was discovered by a mine rescve team at 10:18 p.m., at
No. 22 crosscut in No. 2 entry of 2 Southeast Main, approximately 50 feet
Jnby the 2 left belt drive. '

The fresh air base was advanced to No. 20 crosscut at approdmately
10:50 p.m. By 1:00 a.m., March 19, the fresh air base was moved up for
the last time to No. 22 crosscut in the track entry directly across
from the 2 left belt drive. At this point all available fresh air was
expended and all efforts to cbtain additiomal quantities of air were
unsuccessful.

The Nos. 2, 3 and 4 bodies were found in the Nes. 1 and 2 entries of

2 Southeast Main near the entrance of 2 left Section. The Nos. 5, 6 and
7 bodies were found along the No. 4 entxry of 2 left Section. The Nos. 8,
9, 10, 11, 12 and 13 bodies were found all together aleng the right rib
of the No. 5 entxy in 2 Left Secticn, behind a partially comstructed
barricade. Evidence indicated that scme effort had been made to construct
a barricade by hanging a plastic check across the mouth of No. 5

entry. However, the left side of the check was not fastened to the rib
when discovered by the rescue team., About 1:20 a.m., March 10, the last
two bodies were found in No. 4 entry of 2 Southeast Main near the battery
locamotives located between Nos. 31 and 32 crosscuts. Appendix D shows
the locations of the bodies. '

The rescue teams reparted that each of the men behind the partially
constructed barricade had removed his self-rescuer from his belt and
cmtainer. One victim lLiad fastened his self-rescuer around his neck,

the normal position when wearing the apparatus, which indicates that same
of these victims may have worn their self-rescuers for a pericd of time.
The self-rescuers belonging to victims other than those behind the barri-
cade were found either cn their belts or near their bodies. Self-rescuers
for two of the victims were not found.

The mine rescue teams that recovered the two bodies at the locamotives
in 2 Southeast Main repcrted that the controller cn each locamtive was
in the off position, the lights were not lit and the battery covers

were blown from cne locamotive as a result of the explosicn. The teams
did not repart any sound in the vicinity of the locomotives. When
questioned later, after the existence of the air camresscr an the Goodman
locamotive became known, they stated that at no time did they hear the
cxmpressar in cperation.

equipment recovered the 15 bodies. The bodies were brought to the surface
at 4:46 a.m., March 10. Bentley, Maggard and Hackworth remained under-
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'merm:etemrepacbedthatn,ooomicfeetofaham“s
msuredatﬂnﬁ:scfrshai:baseattbemthofzmstmm.
‘misqlnntityofairtgmgressivelydecreasedeachﬁmtm&eshairbase
was advanced. m;a'zthef:eshairbasemsadvanoedtom. 22 crosscut,

be measured with an anemometer, and the atmosphere in No. 2 entry at
No.zzmmtcmminedz.Spamtmmando.lmtm
monaxide., mm&mzmamtmmmmmﬁg
fxunOJtoO.ZSpmtweredetectadbythe:esme&msa]mthebelt
line and in the faces of the 2 laft entries.

Mathm:em:gﬂngﬂunlStoSplusperemtandO.Zpa:cmtcarbanmmdﬁa
medetectedinms.lMSentiestSmtheastMainatNo. 27"
crosscut. ;

Recove:ycpentimst&rm:axilyceasedwbenthelastﬂobodies.me
recovered. Nes. 1, 2, 3, 4 and 5 entries of 2 Southeast Main from No. 32
c¥osscut inby, a distance of 800 £ » Were not explored by the rescue

Flame: Bv:idmceofheato:ﬂame,inthefcmofcnke, soot, partly

Faper, melted plastic brattice material, melted conveyor belt,
andcharraicableinszﬂatimwasobsewedﬁnauofthezwmeast
Main entries from No. 15 crosscut inby to No. 32 crosscut where the



two locamotives were located, a distance of aprroximately 1,600 feet,
and in the 2 Left entries off 2 Scutheast Main for a distance of
about 150 feet. Themstoutbyeviaenceofheatorflanewasapiece
of melted comveyor belt in Mo. 4 entry of 2 Scutheast Main at No. 15
crosscut.

Forces: 'mefo:cesofthea:plosimradiatadfrmbb.4ent=yof

Main rear lNo. 31 crosscut where the locamotives were located;
_traveledoutbyinallfivem&ies:tnveledinanfmentriesin
ZIeftSecﬁ.mforadistarceofappzmcmatelyZOOfeet;aﬁcmﬁmed
cutbyinallmt:iestoﬂzejmctimonSmmastNmmﬁmrtheast
Main, where the forces diminished. Gusts of wind and dust clownds were
detectedalmgthehaulagemadsinsqutheastvainautbythejmcﬁmof
bbrtheastMainandatthemtrameonIaftSecﬂmoffmrtbeastm.
meminefanmsmaaffecwbytbeacplosiona(:ﬂmﬁmmopemtg
normally. The fan pressure ing system (chart) did not indicate
anyimseordecxeasemg:t&mprmatﬂmﬂuethe
cccurred. AuofthecmcreteblockstzppingsinZSwtheastMainand
.2Ieft(apprmdmtely70)medes&cyecr:arﬁgmany,tbadisplmmt
was fram the intake toward the retirn aircourses. Two partially con-
struc:edcvercastsatthemuthofzr.eftSecticnoffstutheastMam

dant, 10catedatthe2$a:theastt&einbeltﬁeadinﬂ1ebb.3entryleft
Panelofbbrtheastvm,mslmodceﬂémarﬂmlledasmrtdistame
by the forces. The 2 Southeast Main belt conveyor, approximately 2,600
feetinlengﬂn.wasdamagedbythefomesatnanylocaﬁms. The 2 left
beltheadwasmvedoutbyashor:distanceanithezleftbeltmbyfrm
ﬂaebelﬂxeadwasdanagedforadistanceofamdmate_lylsafeet.

medﬂutingaﬁquem!ﬁngeffectofthemckdustﬂatbadbemapplied
in 2 Southeast Main, particularly in 2 Left Section which, according to
t&sf:k:mxy,hadbeenrcckdustedmthemingoftheacplosim,masa

principal factor in preventing further spread of the explosion.

Appe:ﬂixnshmst‘eareasaffectedﬁytheexplosim,ﬂzem&ﬂm
and fcrees, thelocatimofequipuentandﬂaelocaﬁmofthebodies.

Probable Point eof Origin

Basedmallavai]ableevidence,minvestigamrscmcludethat

the explosicn of March 9, 1976, crigina in the Mo. 4§ entry of 2 South-
east Main between MNos. 3laﬂ32a-osscuts,v:txerethetveobat*uery-
powersd locanotives were located. ~
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PART III

EXPIOSION, MARCH 11, 1976, AND SEALING OPERATIQNS

After the bodies were removed from the mine property, at approximately
5:00 a.m., March 10, 1976, Barrett, Crawford, Peluso, Camptrn and Clemons
held a conference in MESA's camumications van, parked beside the bath-
house, to discuss when an underground investigation of the explosion
crald be started. During this conference they concluded that the inves-
tigation could begin after necessary work had been accomplished to
provide additional ventilation to the fresh air base at the entrance of
2 left Section off 2 Southeast Main and the exploration campleted. After
this conference, courses of action were discussed with Freddie
and Richard Carter, Scotia Coal Campany officials, David McKnight,
Scotia Employees Association, and Kirkpatrick and Johnscn, Kentucky
Department of Mines and Minerals., All parties agreed to send the MESA
mine rescue teams into the 2 Scutheast Main entries at 4:00 p.m., that
day, to restcre ventilation and camplete the exploration of the area that
had not been explored during the recovery of the bodies. It was further
plamedtostatxmcarﬁﬁeda:npmyofﬁd.alsandrederallnspecmrs
at necessary regulators so that they could be repositioned under the
direction of the Surface Control Center if additional quantities of air
were pnecessary. The investigation was plammed to© begin on Thursday
morming, March 1l.

Mearwhile, MESA persamel remained on duty at the mine and monitoring of
the fan continued. In order to prevent flooding of the main line track
atlEastMam,anpartisag:aedm:esto:eeled:zcalpcwerand:eacu-
vate the pump in that area. Therefore, at 2:20 p.m., that afterncon,
Benry R. Simpson, repairman, closed the high-voltage breaker restoring
power anly to the portable transformer at 1 West Main which supplied
power for the cperatien of the pump at 1 East Main.

Approxdimately 3:10 p.m., cn March 10, abneﬁngwasheldamcenﬁng
plans, procedures and respansibilities. Shortly afterwards, Richard

Carbs, accampanied by Federal Cocal Mine Inspection Supervisor B. A.
Taylor, entered the mine and made a fire-boss examination of the main
line to the entrance of 2 Scutheast Main., Thereafter, the mine rescue
teams and other assigned perscnel entered the mine and the effort to
cbtain the needed ventilation was begun. Persons were stationed at the
following locations:

Douglas Fleming and James Bentley - Shaft bottom

Bill Riley and Romnie Franks - 1 West Return Regulator
James Frazier and Danis Ison - 1 Right off 1-1/2 Right
Troy Coleman and Rexford Music ~ Left Panel Regulator
Ronald Bughes and B. Bammette - Scutheast Main Regqulator
Gene Dale and Gene Graham = 3 Southeast Regulator and

Bleeder
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Russel Tackett and John Pyles - Bleeder Return 1 Right
B. A. Taylor and Merle Rhodes - Traveling Between Regulators
John Banks - Fan

According to their testimony at the official hearing, while casually
conversing during their preshift examination, Cambs and Taylor discussed
the battery-powered locomotives that were located in the first explosion
area. Combs remarked that cne of the loccmotives was equipped with an
air campressor that cperated the brakes. Taylor stated that on the
evening of March 11, he mentioned to Clemcns Cambs' remark concerning
the air compressor on the locomotive. This conversation with Clemons
was also very brief and neither placed significance on the air
compressor being a possible source of ignition. Testimony indicated .
that other company and MESA officials were aware of the presence of the
air compressor cn the locomotive. No cne perceived the air camressor
as a possible scurce of ignitien.

Several adjustments were made in the regulators in the mine ventilating
System. The temporary stoppings which had been erected by the rescue
teams during recovery cperatioms were checked for leaks and made reascnably
airtight. These efforts failed to produce any additional ventilatiom
at the last fresh air base at No. 22 cxosscut. When the MESA rescue
teams arrived at this fresh air base, they discovered that they could not-
camumicate with the surface control center. Considerable effort was
exerted to restore cammmication, to no avail. At midnight, work was
discontinued for the remainder of the night because the fresh air base
could not be advanced without additional ventilation and the commmicaticn
system was still out of order. All underground personnel were removed
from the mine at aprroximately 12:45 a.m., March 11, 1976.

Becauseﬂxeagreed-upmschedulemuldmtbekept,Cmpanyaﬂdm
officials met at 2:05 a.m., March 11, to revise the plan for campleting
recovery operations. Persons attending this meeting were as Zollows:

Scotia Coal Comany

Richard Carter Freddie Maggard
Bill Foutch Ray Asher

Merle Rhodes Harvey Creech
James Cormett Charles Kirk

James Bentley
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Mining Enforcement and Safety Administraticn

Bill Clemmns Bill Riley

B. A. Taylor Douglas Fleming

John W. Stevenson Jack Collins

Joseph Marshalek Rexford Music

Herschel Iough Russel Tackett

Troy Coleman Eugene Dale
IEwascmcludedthatbefmexplmﬁmonSmtheastminmuld
proceed, itwouldbe‘necessary'to install a new line; construct

meplanwasdisa:ssedatamedngbegimﬁ.ng at 7:00 a.m., March 11,
attended by, but not limited to, the following perscnse

Scotda Coal Campany
Freddie Maggard Richard Carter
Scotia Employees Associatien
David Mcknight Garlard Iewis
Kentucky Department of Mines
Harreld N. Kirkpatrick Sam Johnscn
Mining Enforcement and Safety Administraticn

Robert E. Barrett Jahn W. Crawford
Fobert G. Peluso

The plan and details for its implementation were adopted. After the
meeting, Barrett, Crawford and Peluso returned to Washingten, D.C.,
tobriefnepartnmtcfrntan‘.oroffid.alsmzemxyom:aﬁms and to
develop plans for the official investigation of the explosicn.
Kirkpatrick and Johnsan also left the mine. Lawrence D. Phillips,
District Manager, Coa.lMine Health and Safety, District 6, assumed direc-
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At 8:14 a.m., Don Vamer, a certified campany employee, accampanied

by Ron Suttles, Federal Ccal Mine Inspector, entered the mine to make a
preshift examination of all areas except 2 Scutheast Main. Ray Caldwell,
campany pumper, accampanied by Joseph Tankersley, Federal Coal Mine
Inspector, also entered the mine to check pumping statiens.

The 103(f) Order issued by B. A. Taylor cn March 9, 1976, was modified
cn March 11, 1976, by Rick P. Keene to change such cxder to a 103 (e)
and (£f) oxder.

In accordance with the plan, at approxdmately 2:00 p.m., on Marxch 11,
Benxy R. Simpson, company repairman, and James Armold, Federal Coal Mine
Inspectcr (Electrical), enteved the mine to energize the high-voltage
circuit to the section power center in Northeast Main; to ascertain that
all the under-voltage release mechanisms had functicned properly; and
mdetenﬁmifeadzofthehighﬂmlﬂgeswitcbshadapened All the

the high~voltage mlermthemtbyeﬂoft!ahigh—wltagecable
mmzmmmwvmm&uwm
of 2 Southeast Main. They then placed the dust covers cn the coupler
and receptacle. Simpson had intended to cut the telephone line that was
extended into 2 Scutheast Main during the recovery operations; however,
he fourd that the telephone line had already been cut.

Simpsen and Armold restored the power in a step-by-step procedure. They
started at 1 West Main, where power had previcusly been restcred for
paping, and closed the appropriate switch in each "Y"-hox, thus energizing
the main circuit 0 .the next "Y"-bex, until the entire circuit was energized
to the secticn power certer in Nertheast Main, All hranch circuits were

- left deenergized and the switches supplying power to these circuits were
tagged cut. Due to the feed~through design of the belt power center at
the mouth of 2 Scutheast Main, the power center there was energized when
the main high-voltage circuit was energized. Simpson checked the molded-
case circuit breakers installed in the belt power center for the circuits
to the 150- and 75~horsepower belt conwveyor drives and the pump at the
mouth of 2 Southeast Main to ascertain that the three circuit breakers had
opened auctomatically when the power had been interrupted. The locations of
the levers indicated that the circuit breakers were in the tripped position.
The couplers on the cables supplying power to the two belt conveyor drive
units and the pump were connmected into the belt power center and were
left connected.

Armold and Simpson examined the Galis 320 roof~bolting machine in the
Nartheast Main section for permissibility and for proper cperating
cordition, Their examination revealed that the hydraulic rotating motor
was off the drill head; the brake mechanism was missing; a hydraulic tram
motor was missing; a bolt was loose in the master switch; and the trailir:
cable contained a defective splice. Emest lee Collins and Rick Parker,.
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cmpanyrepaimm,mdethenwessaxyrepajxstothemof-bolﬁm
machine and installed a new trailing cable. Collirs, Parker and a work
crew of campany & ,accmpaniaibymrederalCoalMineDIspectm:s,
moved the roof-boltirg machine to the entrance of 2 Southeast Main. They

its on power. The coupler cn the roof-kolting machine trailing cabls -

ssxfacecontmlca:terarﬂminsbmcteatomﬁm:echeddngthestopp-
ing line up to 2 Southeast Main. They arrived at the mouth of 2 South-

east Main at approximately 10:15 p.m. They met the other 11 persons that
were in the area. Atﬂ:istine,anotherpersmsthathadbemassigned

memergizeddectricequipmtatthemuthofzsmmtmstminat
the time of the March 11 explosion consisted of:

1. One EMX 300-kVA belt transformer, Serial Mo. 503-300-p-1,
located in'No. 180 crosscut.

2. One Ensign Flectric 7,200~volt "Y"-box, Serial Mo. M-1157,
located in No. 182 crosscut. .

3. One Wise Industries, Incorporated, battery-equirped deluge
water spray system, located at Northeast Main 3o. 2 belt
drive installation,

4. One Wise Industries, Incorporated, battery-equipred deluge
water spray system for 2 Southeast Main belt drive
mllatim. ’

5. One Mine Safety Appliances kattery-equipped telephone, located
in the track entry at the intersecticn of 2 Southeast Main
and Northeast Main, :

6. Two battery-powered Westinghouse locamotives, company Nos. 7 and 9.

mawmwmzmrmmzm&mo&
zsq:uueastnajnatthetineofﬂzem:dmnacplosimmsistadof:

1. One battery-powered Westinghouse locomotive, Serial Mo. 80218,
campany No. 8, locatedinﬂzei:ackmt:yatZScutheastMain.
No. 31 crosscut.



3.

4.

S.

6.

7.

Cne battery-powered Goodman loccmotive, Serial No. 5480, compe
No. 6, locatad in the track entry at 2 Southeast Main inbv
No. 31 crosscut.

Ctne Wise Industries, Incorporated, battery-equipped deluge water
spray system for the 2 Left off 2 Southeast Main belt drive
wnit.

ne Mine Safety Appliances battery-equipped telephrme, installed
during the recovery operations at the fresh air base in the track
entry at No. 22 crosscut in 2 Southeast Main.

e Mine Safety Appliances battery-equipped telephcne, located
at the 2 Left off 2 Southeast Main belt drive unit.

™0 64-volt battery trays cn the Elkhorn battery-powered scoop

Model Mo. AR-4, located in 2 Ieft off 2 Southeast Main, atNo.B
crosscut, between Mos. 3 and 4 entries. The battery trays were
comnected to a deenergized battery charger located adjacent

to the scoop.

One Mine Safety Appliances battery-ecuiprped telephone, located in
the track entry at Mo. 4 crosscut in 2 left off 2 Southeast

Main. (The telephone line entering 2 Southeast Main was dis-
cormected) .

PigmBinApperdb:Jstmsﬂxelocaﬁ.gncfallaezqizedelechric
equipment in the explosion area at the time of the March 1l explosion.

J. B. Eolbrock, Den Creech, Don Polly, James Sturgill, Monxce Sturgill,
James Williams, John Backworth and Glenn Barker, Scotia employees,
and Grover Tussey, Richard Sammons and Kenneth Riser, Federal Coal Mine

, were in the vicinity of the roof-bolting machine, and Collins

Inspectors

and Parker were in the process of removing the coupler £rom the pump
+railing cakle when another explosion occcurred in the 2 Southeast Main
area at approximately 11:30 p.nm.

Collins and Parker heard the explosion and then felt pressure and heat.
The atmosphere became so dusty that their visibility was limited to about
12 inches, They put on their self-rescuers, found a telephone line, and
holding to each other, followed it to the main line track. They con—
timied holding to each other, and follcwed the telephcne cables out
the track entry toward the surface. They arrived at the juncticn of
Northeast and Southeast Main before visibility improved sufficiently
for them to recognize their surroundings. After arriving at the lerth-
east Main belt head, Parker called the surface supply house,

the explosicn and asked for transportation. They then proceeded out
the track entry. When they arrived at the mouth of 1 West, they heard
scmecne paging them on the mine telephone and Parker answered. Ee was.
told that transportation was cn the way and to wait at that point.
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'I'hey,‘}m:ever, cmﬁ:medouttheuadcentrytoabcut'dae-halfmlef:m
themface,wlnreﬂ:eywerenetby?ichard&xbsand?ederalmalmne
Insmctornavismu:ansportedthsntothesurf_ace.

kneddatelyafterreceivingthermtoftheexplosimontheanface,
ttmmﬁarg:mnﬂminepaercirmitwasdemergizeda:ﬁthemjnefan
wascl:eckedandfcmdtobeoperati.ngnonmly. Federal Coal Mine
timaxpe:visorraylor.whovasdixectingm'sactivit,ie@atthistim,
called Phillips and Clemms. The Administrator and Assistant Administra-
tmdoalm&alﬂ:amwety,meimediatelymﬁﬁed. MESA's
minerescuetemswereagainctda:edajzlifbedtotheareaa:ﬁthemne
BEmergency Operations Plan was again initiated. Requests were again made

U. S. Steel Carporation, Lynch, Kentucky

Beth-Elkhom Corporaticn (3 teams), Jenkins, Kentucky
Mational Mines Corporation, Wayland,

Island Creek Coal Campany (2 teams), Reen Mountain, Virginia
Clinchfield Coal Company, Dante, i :

Clemons arrived at the mine at appraximately 1:00 a.m., March 12, and
resumed direction of the MESA effort. Thereafter, other MESA

mmmivarsofthea:plosim,coninsm:d?aﬁm,mredebriefed.
Hmtheinfomatimtheyp:oﬁded.particularlyregardjngthea:tentof
ﬂaefarcesoftheaq:losim.itwasrewgnizedthatitmigmbenecessary
toutﬂizetheajx_shaftmbyz&uﬂmstmininﬁ:erescueeffm.
Therefore,anangenaxtsveremdetcbaveambilecranedispatdxedto
the shaft fram a nearby mine. Maggard, Carter and other campeny officials;
the officials ofaea:bycoalccnpaniesprevicuslymenﬁioned:andclstms,
Compten and other MESA officials met to discuss possible rescue approaches.
Itwasdecidedb&atrescueéffortsmuldbeattenptedfzunbcﬂzthepcrtal
and shaft. Wﬁlethecranewasbeingmvaiintoplaceattheshaft,James
Bowman, Federal Coal Mine Technical Specialist (Ventilation), and Donnie
Shor:,Fede:alCoaleeInsgector,mteredtheportalslopemfoot,
foncwedbmeDimeyarﬂAuenE\msofthemtematimalHaxvestermne
rescueteamvd.mself-mtainedbreathingeqxﬁp:mtinaporm-bus. The
. .SteelCorporatimminerescueteansmcdbymthesmface. Bowman,
Stnr:.DisaeyandEVans,winwereinfrequmttalephmecammicatim
with the surface contzol center, reached near to the juncticon of 2 East
before cbserving any evidence of disturbance. They contimued about nine
msscutsinbyzsastwmreﬁueyfaxﬂﬂaattrevmtilaﬁmimsreveqsed.
This party was withdrawn from the mine.
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The U. S. Steel Corporaticn team and the Intermaticnal Harvester team
were instructed to proceed underground to establish a fresh air base at
the entrance of 2 East Main, and to determine the extent of damage to
the ventilation controls in the area. '

Barrett, Crawford, Peluso and Joseph O. Cook, Deputy Assistant Admin-
istrator, Coal !Mine Health and Safety, arrived at the mine about 6:00 a.m.,
March 12, and were briefed on the progress of the rescue effort. Kirkpatrick
and Johnson arrived about the same time.

At 6:55 a.m., Monroe West;-Paul Merritt, Federal Coal Mine Inspection
Supervisor, and David McKnight, entered and inspected the shaft,
explored around the shaft bottom and explored toward 2 Scutheast Main.
They maintained constant comumication with the surface. In that area
of their exploration, they found the ventilation comtrols intact and
conditions suitable for a rescue effor:.

Mearwhile, mine rescue teams exploring around the 2 East area found the
ventilation controls disrupted o the extent that additicnal progress
would be slow. In order to continue rescue efforts in this area it would
have been necessary to make changes in the ventilation that could have
endangered rescuers in the shaft area. Therefore, rescue efforts from
the portal were discontinued in order to concentrate rescue efforts in

- the shaft, The rescue teams that had entered from the portal were
withdrawn.

Approxirmately 9:45 a.m., West, Merritt and MeKnight were withdrawn from -
the mine shaft. The Nos. 1 and 2 Westmoreland Coal Campany and the
National Mine Corporation mine rescue teams, and Clemns were lowered
into the shaft. Clemons briefed the mine rescue teams at the bottom of
the shaft. The Westmoreland teams were instructed to travel along the
Northeast Main track entry, open face, in intake air toward 2 Southeast
Main, The National :tine Corporation rescue team was instructed to stay
at the bottam of the shaft as a back-up team. The Beth-Elkhomn team was
standing by cn the surface. One of the Westmoreland teams arrived at
the mouth of 2 Southeast Main approximately 12 o'clock noon, March 12, and
found 11 bodies. After determining that there were no signs of life, the
teams were ordered to return to the surface without recovering the bodies
because of the possibility of another explosion. All persons were returned
to the surface by 1:02 p.nm. '

During the remainder of March 12 and 13, several conferences were held

to discuss possible courses of actien. Persons in attendance during
all or partions of these canferences were as follows:

Blue Diamond Coal Campany

Jasper X. Cornett
R. D. Carmwell
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Scotia Coal Camany

Richard C. Ward M. P. Barret
Freddie Maggaxrd Richard Carter
Richard Cambs Charles Kirk
Bill Foutch '

Office of the Governor of Kentucky
Bank Lindsey
U._S. Congressicnal Representative
Tim Lee Carter, Member of Congress, Sth District of Kentucky
Scotia Employees Association
David T. McRnight

Garland lewis
James Powell

Rentucky Department of Mines and Minerals

Harreld N. Kirxkpatrick
Sam Johnsen

Everett Bartlett
Department of the Interior
Rent Frizell, Under Secretary
Mining Enforcement and Safety Administration

Robert E. Barrett John W. Crawford
Robert G. Peluso Joseph 0. Cock

Dick Nellius Lawrence D. Phillips
W. R. Camptm M. L. West

Joseph Marshalek Jahn W. Stevenscn

Donald Mitchell

All parties concurred that the chance of another explosion was too
great to pemnit anyone to reenter the mine and a consensus decisicn
was reached to seal the mine on the surface. Preparaticns to seal
began immediately and all openings had been closed by 2:10 p.m.,
March 19, 1976.

At 2:10 p.m., cn March 15, 1976, a 104(a) Order was :.ssmdbyRich.
Keene to cover the entire mine.
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:.nmtmtmpe Westv:l:g:uua

MESA officials decided that an cnsite gas analysis system was necessary
to provide constant monitoring of the mine atmosphere while the mine

was sealed. Glen Humphrey, Superviscry Chemist of the Mount Hope labora-
tories, was assigned to establish and maintain such a system.

LESAandcmpanyoﬁEzaalsd;scussedtbeneedfaraddiﬁmalsanpung
capabilities, particularly in the 2 Scutheast Main area. The company
arplqedmykm,mningcmm.smmm
Charlesten, West Virginia, to drill three bereholes. Drilling of the
No.- 1 borehole started April 19, axd was campleted April 27, 1976, to a
depth of 1,12] feet: 'melnlepa:et:atedthecaalbedmarthelccatim
of. the two locomotives in-2-Southeast Main. On May 1, 1976, drilling of
the No. 2 borehole was started. On May 9, the borehole was carpleted to

a depth of 1,146 feet, penetrating the coalbed near the faces of 2 South-
east Main. The No. 3 borehole was started May 31, and camleted to a
depth of 1,030 feet on June 8, 1976. This borehole penetrated the coal-

bed in 1-1/2 Right near Northeast Main. Appendix F shows the locaticn
of these boreholes. _

while these boreholes were being drilled, MESA developed plans to install
an onsite gas sampling and analysis system. On July 6, 1976, work on a
field laboratory began. The gas sampling vamn, a trailer equipped with
canstant monitoring and remote sampling devices, loaned by the U. S.
Bureau of Mines, Bruceton, Pemnsylvania, was sitnated on the mine property
a short distance from the No. 3 borehole. The van also housed a gas
chramatographic system designed and built by perscmnel at the Mount Hope
labaratory. The van was cperaticnal by the morning of July 13, 1976.

The gas sampling van was equipped with a device capable of analyzing
samples fram 19 different locaticns. The equipment could be gperated in
the autcmatic or mamual mode. The autacmatic mode ailowed:a different
location to be sampled every 5 mimutes until the cycle was camplete. The
equirment then reset and the same cycle repeated wnattended. The manual
mode allowed selection and sampling of any locaticn deemed necessary as
cperations progressed.
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mest:aightlinedistancesf:untbeNos.l.ZQﬁSboretnlesand
ﬂzen.s—foctai:shafttotheqassaup].mgvanm:gedf:uuB,OOOto
5,800 feet.

Infrared monitoring ent for carben dicxide, carbon moncdde and
m&m.uﬂlugumﬂcémmr-fmammm
mhmmwmmmmﬁn.- .
mmmmuawmd@m@m

meperfamameandaec_zmyofﬁmﬂemnbmtorymcmﬁnmly
veﬁ.ﬂedbydv:plicatesmplessazttoﬁxemmaopelabontuy. Onsite
gas andmalysispcwi&dmtantnmiwdngofthesm
l‘ﬂneZtlhourseachday, 7 days each week, from July 14, 1976, wntil the ,
No. Zbcceholeueawasmtilaudmg_kms, 1977.

mésubﬁshedsapummaﬁnewisasmuwm

Eachhamasamlemconecmdf:mﬂze"a:iﬁcal' sample
locaticg_(ﬂse_smplingpninthe!ﬁadﬁaesealeduumarest
the:ecovaytem).ase:i:aofsmplawe:ecouec:ed
at 4:00 a.m., 10:00 a.m., 4:00 P.m. ard 10:00 p.m., from Nos. 1,
ZaﬂBbwebomandthelB.s-fcotairshaft. Additicnal samples
menmmallymlledadin%bccbottlesf:mthen.s-fmm
shaft and the Nes. 1, 2, 3 and 10-inch 1 West Main boreholes.
memmmmmm
advmaeoftheﬁ'eshai:baseusingZSOccaﬂloccsanpling
bottles. $potsanplesw:ea:llectedintamitbentlyf:cnthe
10-inch 2 East Main berehole.

Approximately 40 to 50 saples were analyzed daily wmntil the seal was

removed from the 13.5-foot air shaft, at which time the mmber of samples

analyzedwasredncadtobebwwaxﬂw.

memalysesofﬁ:eﬁxstairsaplesmnectedﬁrcnthe'ms. 1, 2 and
3bo:e!mlsmthedateofthej:mplgtimwereasfollcws:
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No. 1 No. 2 No. 3

Berehole Borehole Berehole

Percent Percent Percent
Carben Dicxide 4.53 4.66 2.59
Oxygen €.58 5.82 8.29
Mathane 31.26 36.47 25.70
Carbon Monaxide ~1.60 1.93 0.0078
Bydrogen 0.54 0.10 0.00

During the time the mine was sealed the ccampany cbtained necessary mine
rescue for three mine rescue teams. With assistance from MESA
and the Rentucky Department of Mines and Minerals the campany trained
three mine rescue teams camposed of employees of the Scotia Mine. In
addition, the Blue Diamond Mine at Ieatherwocd, Kentucky, equipped and
trained two mine rescue teams to assist with the recovery cperaticns.

During this time the campany develcped a plan to re-enter and recover
the mine. Several meetings were held by representatives of the four

parties to discuss the plan. Three frimary methods were discussed, as
follows:

1. Remove the seals and ventilate the entire mine.
2. Enter the 13.5~foot air shaft using the air-lock method
of recovery.
3. Enter the main portals using the air-lock method of recovery.

After extensive ccnsideration of the safety factors, advantages and disad-
vantages of the three methods, a consensus agreement was reached that a
greater degree of safety for the recovery teams could be maintained by
entries.

Persens attending same ar all of the meetings were as follows:

Blue Diamond Coal Campany

Gordon Banmyman
Jasper K. Cornett

Scotia Coal Coamany

Richard Carter
Wocds G. Talman - Consultant

Scotia Employees Association
David McRnight

Renneth Goins
Benny Adams
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Rentuckv Department of Mines and Minerals

Harreld N. Rirkpatrick
Sam Jolmson

mamtﬂyrmﬂaomnmﬂmouﬂuﬁiﬁm.

a target date of July 14, 1976 was agreed upen for removal
ofthesealsattheminportalar'&ies;xﬂt!nstartof

cpera=-
tions, 'memlysesoftheai:smplescnnectedmaulyu. 1976, were

No. 1 No. 2 No. 3 13.5=-£f¢

Borehole Borehole Borehole Air Shaft

Percent Percent Percent Percent
Carbon Dicxcide 5.22 5.04 3.16 2.69
Qxygen 1.72 1.93 3.43 4.80
Methane 53.68 55.46 40.89 40.44

Carbon Monaxide 0.43 0.45 0.00 0.0028

sanpling capability of monitering the atmosphere
mﬂEZSmathastMuamsad:chding.facmrinestablishinga

atmosphere, but that sufficient mixing would follew a first explosion
todevelcp'asecandexplosivemixmﬁﬂunashorttine.
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PART V
INSEALING OF MINE AND RECOVERY CPERATIONS
Simﬁ:emimhadbeenseﬂedfo:apprudmtglyfm:rnm;hsf it was cal-

: callens
of water within its lower confines as of July 1, 1976. From stixlies of
the mine elevation contowurs it was determined that this amount of water
would block the main aircourses in the Scuth Main entries at the lowest
elevation within the mine, located aprroxdimately 1,000 feet inby the
intersection of the Scuth Main entries and 1 West Main, This
of the main aircourses would effectively neqate any attempt to provide
sufficient ventilaticn between the intake air shaft located in the
Northeast Main area of the mine and the main fan near the mine portal.

Samples of the underground atmosphere collected on July 12, 1976, at
Nos. 1, 2 and 3 boreholes and at the air shaft showed carbon monoxide
concentrations ranging from 28 to 4,500 parts per million. Since the
presence of carbon moncxide in a sealed area can be indicative of heat,
any attempt to reventilate the mine by opening the portal seals and the
seal at the air shaft could conceivably have resulted in <he rekindling
of a "hot spot”". Should this have occurred, it would have been necessary

to reseal the mine, further delaying the recovery operaticn.

meposmbﬂityofentenngthelss-fmtdimterairshaftandair-
locking to 2 Southeast Main, a distance of aprroximately 4,000 feet, was
considered. _'I_his.methodof:ecavelygsentedmyp:dﬂm including
installation of ventilation-and hoisting facilities, bandling of supplies
mderground and, most inmpartantly, the fact that the shaft provided only .
e way of ingress and egress.

Based on the infommation available concerning the possible water block-
age, the presence of carbon moncecide in the 2 Southeast Main area, and

the hazards mlvedinentenngtheshaft,therecoveryofthembythe
air-lock method, starting at the mine portal, appeared to be safest and
most practical. ~Therefore, the re-entxry plan submitted by Scotia Coal
Campany an July 2, 1976, which proposed incremental re-entry using con-
trolled ventilatien (air-lock method), starting at the mine portzal,. was
approved an July 13, 1976.

Scotia (bal Campany had an order the necessary equipment to install ven-
tilating and hoisting facilities in the shaft. It was agreed that should
insurmountable conditions be encountered during the air-locking of the

main entries, the possibility of entering the shaft would then be reevaluates

The approved re-entry and reosvery plan called for initisal re-entry
into the Scotia mine through the new return entries. Forces of the
explosions of March 9 and 11, 1976, had caused no damage to the new
returns. Pricr to the anticipated re-entry date of July 14, 1976, the
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48-inch fan was checked and was cperaticnal. A booster fan provided :
with 30-inch tubing, the cpening of which was divected toward the "
andfanlnsingofthe“—imhfan,minsmledmdiluteanyhigh
m&atimsofmﬂmthatmldammlateinﬂ:efanm:sing.

Everything was ready for re-entry on the morning of July 14, 1976.
Four mine rescue teams equipped with 4-hour self-contained

equipment, non-sparking tcols and cable-reel voice cammmication

were available. Menbers of three of the teams were employees cf Scotia
mlCmpmy,aﬂthefmmmmmedcfml&mthe

At 8:00 a.m., three mine rescue teams underground to erect three
te:pmrysealsmcessarytofmmdxlodcpﬂmtocpmingml
seals Nos. 1 and 3. In additien to the seals, a temporary

[4
working in a respirable atmosphere. By 10:20 a.m., the work of erect-
ingthesealsandstoppmgwascmpletadmdﬂxemmtothe
surface. My&mfwmummmm'
‘tokndginlesinpcrtalsealsﬂos.landSla:geemwhfarpassage
of team menbers and supplies. Because of the thickness of the seals
work progressed slowly.

Ble:lSa.m.,JulylG,thseopeﬁngsmlargemghtopemittbe
passage of men and materials. The temporary seals evected to form an
aixlod:wmrmyed.thedminthemxyswppdnginthecmsscm
between Nos. 2 and 3 entries was closed and the teams returned to the
Suzface.~meboosterfanwasstaraedandatloz403.m.,the48-.i.nchfan-
was put in operation. Air measurements showed the fan to be i
17,000 cubic feet a minute at 0.2 inch water gauge, and 15,540 cubic
feetofairamim:uewasmwd.nginthelb.lam. The fan was
constantly monitored so that positive comtrol could be maintained cn the
nethanemvalratebycpe:ﬁngandclosingthea:plosimdms.

Atl:np.m.,anﬁ::e:escueteanwentﬂtm;hthem.lportalseum
explore. metemadvamedtotheuo.uaossarhinuo.letmwithcut
incident. A normal atmosphere had been foumd in all entries to this
point and the fresh air base was moved to crosscut No. 11. The explora=-
tion continued to No. 22 crosscut in No. 1 entry. Conditions were normal
andthef:eshai:basewasmvedtom.lamacut,mdshnrtlythae-
after, to No. 21 cresscut.



explored the Ieft Panel entries tixouch the connecting slcre entries and
the Right Panel entzies of South Main to No. 21 crosscut. Accumula-
tions of water, roof falls and hazardous roof conditions made the
exploraticn work slow and diffienl:, By the afterncemn of July 290,
tamrorary seals had keen erected in the left and Right Panel entries
of Scuth Main just inby the commecting slope entries. Part of the
stoppings that had been used to isolate the new retumms were removed. _
™o air-lock stoppings at No. 19 crosscut between Nos. 2 and 3 entries in
the Right Panel Scuth Main were also removed. Fer ventilation ouorposes,
the slope entzies were now comnectsd o the new retums and the temporary
seals erected by the mine rescue te=mms isolated this area f£rom the remain-
der of the mine. Apcracmately 4:00 p.m., July 22, backmw temporary
seals had been erected in the Right and lLeft Panels of Scuth Main, The
area was then vertilated,

By July 24, recovery work had advanced up the Right Panel entries and a
fresh air base was established at No. 26 crosscut. It was then decided
to ventilate the mine with the Jeffrey-8H60 fan installed on the surface
at the No. 1 slcpe entzy. With all perscnnel cut of the mine, the 48-
inch fan was st dewn, and at 3:19 p.m., July 24, the Jeffrey-6HE0 fan wa:
started., By cpening the explosien doors, this fan was requlated to ex-
haust 31,000 cubic feet of air a mimste at a water gange cf 0.3 inches,
The explosion éoors on the 48-inch fan were opened, thereby making the new
retxn entries all intakes, which were then regulated to aporocmately
8,000 cubic feet of air a mimute. Throughout the ramainder of the recover
mthemterserdmcfmmmzmstmm,asaéﬁ-
ticmal ventilation was required, the explosicn éoors on the Jeff-ey-SE60
fan were closed to maintain more than 10,000 cubic feet of air a mimmte
at the fresh air base, as well as an amournt necessary for methane dilutien
wh;chwasby-passedm&e:eumm:riam&ytheﬁreshai_base .

Exploration and recovery work resumed en the morming of July 25. 3y
August 3, the connecting entries at 1 East Main had been sealed arnd a
Zresh air base established at No. 50 cxesscut of the Right Panel ent=:es.
Mire reecue tesms ‘aveled tixcugh the seals in the comnecting entries
arr. encountered large acoomilations of water at the intersectien of

1 Fast Main ard e left Panel entries of Scuth Main. Booleration
werk inby the seais in the Right Pemel ent~:es revealed tizee ané cre-
ralf feet of water just inkby No. 51 ccosscut. Mine rescue teams placed
suczicn lines into each of these areas and arcund-the—clock mumping
cperat‘.msbegan. while the wvater was being pumred, mine rescue tesms
were ahle to tavel tixouch the comecting entzy at Mo. 51 cxosscut and
‘-uz..dseals::"‘:e]:ef"ﬂane.en'l::es_,t.st inby the commecting entzv. Mot
il Angust 26, 1976, had the water level been lowered enouch o allew
campleticn of the temporary seals requized to seal 1 East Main.

The exploratisn and recovery work in South Main Inby 1 Fast Main was
hampered by accumilaticns of water for a distance of appriximately
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2,400 feet Zzom Nos. S1 to 77 ccsscuts. Work rTocressed slowly thyouch
this area. From just inby the intersecticn of 2 Zast Main and Southdtnd
to the intersectiom of Scuth Main and Southeast Main, aprocimataly
feet.mnyadve.rsec::ndiﬁcnswe:eenmteredthat ved ¢ .
Intbisa:eat’ne:mfwasex*:mlybamﬂens,la:gemffmwm
medandmyccssmmfinedwithgd:. The conrecting
entries between the Right and lef- ent~ies were impassable and ai-

bddnghadtncanﬁmeintheﬁ.ght?mlof&uthminandin&uth-

)

By Novexber 3, a fresh air base had been established at No. 169 crosscet
inthg:eftpmlentdesofl\'aamscym. approtimately 1,000 feet ou
by the locaticn cf the bodies. Cnly the Left Panel entries had been ven
lated to this point,

At this point, itbecameessenﬁalthatulminbythef:eshai:base
at No. 169 mscutbecl@selynmimedtoinme&mmthiagmdis-
uzbedemepttotheexbentabsolutelynecessa:ytoexplmemdrm
the area. Itwasagreedbyallinhmstedpart‘.esthatallnﬁ.nerem
mmsmdd.nginbythefzeshai:basewuldbemmiedbya:epresem
ﬁnofsmmm,smmx ticn, Rentucky Depa:
ment of Mines and M » and MESA,

medecisimtoneumlizethebat:eriesremlted&cnmaegaimd
éuring recovery. Ith&bemfmdmt&gddmemmmimm:
atead;beltheeddriveinthenﬁ.newasapcssibleigniﬁmm."
mmmmmwmmﬁs, Inc., Wise, Vircin. s,
Mmitm.edwﬁrmltmmmtoacﬁvateﬂ:e
systznintheeventof.aﬁ.redningammge. During the early
s:agsof:ewvery,theeelugemmonthgbeltheaddﬂve
atNo.lOc:usa:tintbgsbpebeltmt:yhadbeeneminedmdthe
batteries fomd to be Zully charced. The possibility of the batteries i-
thesystanatc:he:beltdﬁ.vesbeingfullycha:gedmldmbeig:med.
mmfm,ithadbemdeddedﬁz.asead:beltdﬂvewasmwed,
'd:ebatteriesin&eéelu;ewatersys@mldbermedbytﬁemﬁ:e

Itwaslmnt‘:atthembattuymadlca:mﬁvesinthecadcen‘:y
near No. 181 creosscut in the Left Panel, and‘c!;es:br—wlt batteries

at Yo. 183 TTSSCIt, were pessible icnition sowmrees. Not xowing the
condition of the locomotives and hatteries, and realizing that the atmes-
phe:einthatareawculd;assﬂzm:ght!me:glcsivemgeduﬁ:.gm
ventilation advancs, itwasdecidedtnneucaliztheseignitimsms
asquiddyasp:ssiblewhileﬂ:eamaphmwashmnto.be cn—=olcsive
No. Bm‘mesaplsshmedcazbondicdde-B.amut:‘m-

3.9 percent; methane - 48.9 rercent; and carben monoxide - 3.5 Tpm. |
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On November 3, a mine rescue team, coamposed of representatives of Scotia
Coal Carpany, Scotia Employees Association, Kentucky Department of Mines
and Minerals and MESA, went through the air lock in the track

at No. 169 crosscut, crossed over to the No. 3 entry (belt entxy) and
traveled to the belt drives. The batteries in the deluge water system
an each belt drive were removed and brought back to the fresh air base.
mmvarba:4,thenightPanelochrtheastminvasvmtﬂatedupto
No. 169 crosscut by-making the Left Panel entries intake aircourses
and passing the air through the commecting entries into the Right Panel
entries which served as retirn aircourses. The return air was directed
over the overcasts at the intersection of the Left Panel of Northeast
Main and Left Panel of Scutheast Main. On November 8, 1976, the mine
rescue team proceeded up the track entry to the locamwtives and dis-
crmected the batteries. No. 3 borehole samples showed carbon dioxide -
3.3 percent; cxygen - 5.9 percent; methane - 42.8 percent; and carbon
monexide - 1 pem.

Temporary seals were erected in the Right and lLeft Panels of Northeast
Main just outby the intersection of 2 Southeast Main and cn Movember 11,
1976, the fresh air base was advanced to No. 179 crosscut in the Ieft
-Panel entries. The first mine rescue team inby the fresh air base roped
off the area around the bodies near No. 181 crosscut to prevent anyone
entering. Temporary seals were then erected in 1-1/2 Right, in Right

and Left Panels of Mortheast Main just inby the intersection with 2 South-
east Main and in 2 Southeast Main. Backup seals in 2 Southeast Main

were erected by rescue teams to prevent contamination of the atmosphere.

At 1:00 p.m., on Nowember 18, 1976, ventilation of this area was started.

As quickly as possible after wentilation started, guards were posted at
the roped off area. The ventilaticn was campleted at 8:50 p.m., and bare-
faced work crews immediately started erecting backup seals. At approximate-
ly 3:00 a.m. November 19, all backup seals had been erected and the
Crews returned to the surface. The guards remained underground.

At 5:46 a.m., November 19, recovery teams left the surface enroute to
2 Southeast Main to view the area and prepare the 11 bodies for removal

to the surface. At 6:14 a.m., the recovery teams arrived at 2 Southeast

The first team to proceed into the area where the bodies were located
consisted of the following persons: Charles Day, Coroner, Letcher County,
Rentucky; Richard Carter and Harvey Creech, Scotia Coal Coampany officials:
Dr. Johm Feegle, Scotia Coal Campany medical representative; David McKnight,
Kerneth Goins and Berny Adams, representatives of Scotia Employees
Association; Harreld N. Kirkpatrick, Camuissioner, Kentucky Department of
Mines and Minerals; Dr. George Nichols, Kemtucky Department of Mines

and Minerals medical representative; Robert E. Barrett, Administrator,

and Joseph O. Cock, Deputy Assistant Administrator, MESA; and Dr. R. L.
Thampsen, Captain, MC, USN, MESA medical representative. This team -
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nanedtheareaandthebod;estomf;mthatmthmghadbeendism@d
emepttoﬂ:eactentabsohxtelynecessarytopmtectﬂaelivesofpeoglgf
anaremda:gmm:dwhzleﬂzeareawasbemge:plaredaﬂmmated. o
M:enﬂﬁsteanhadcmpletaditsmissim,thosembe:smwerenotgoiﬁg
to assist further in the recovery moved cut of the area. Ancther team,
which included six morticians, moved into the area. The medical examiners,
physicimarﬁmrﬁ.ciansamninedeachbody,mdeidmtiﬁcaﬁm,re-
mvedtmrersa:aleffectsandprepuedtmbodiesfnrrmal. Appendix
E shows the locations of the bodies.

by
medical centers the next of kin. Appendix N is a report
Dr., Robert L. nmrequs?edmby r MC, USN,mthecanditimofthenbodibyes
a_ndtm:sultsofautopsiespefcmedmsixofthevictims.

Afte:thebodiesweremvedfrmthemine,allmrkmsuspaﬂeddurmg
amnningperiodfrmbbva:bermtlmxghmmrzs, 1976, except for
patrollingofthemjnebycertiﬁedcaupanyofﬁcialsmmm.
Recovery work resumed on Monday, November 29, 1976. Permanent seals
(meteblock).varecmmtedmsﬂuezsq:tbeastminaxt:iesnear
the junction of Northeast Main.

On November 29 and 30, 1976 ame'dng‘bodiscuss:ecwuyof'dzereminé@ﬂ
ofﬂ:eminewashelda'.tm':vﬂle,m,ﬂmheadquartersofmue :

' Bruployees Associa
tim;EaneldN.KirJg:at:ickandSaanmsm,KmﬂmkyDeparﬁmtof
Mines and Minérals; ‘and Joseph. O.-Cock, Lawrence D. Phillips, Ray G. Ross
and William R. Park,-Consultant, MESA. The coapany proposed a plan for
reccvuyoftheranainderoftheminebyacmtim:atimoftreairloddng
procedures used to date. Aupa:ti&smemtinagrestmtwithﬂzisplan
becauseofamivegabamswhidamdmtbemmﬁlatedandmichcmtz
high concentrations of methane. an alternate method was proposed for recover
mwalm,zm,wm.mmmzwm
arnd gob areas. Cmpanyrepresentativesrequestedtim_etocmside:ﬂ:ealter-
nate method. } '

'memeetingwasreccnvmedattheSc:rtiaMinemDecenbers, 1976. The
cuupanyprsentedareccvaryplanforsystamticmovalofallseals
ax:dcmt:onedventihtimofanareasoftlzemine,aceptzmmst
Main. meplanwasagreedtobyaufcurpa:ties.

mDecanberB.lWG,theminfanwasstarbed,axﬂadjustedtoccurse
150,000cubicfeetcfai:amimtethrcughﬂmemineatawate:gmgeof
1.8 inches. Pr i were taken to prevent the hazard of static
elecaicityﬁmﬂaedrivebelts,andthefanmmeyasmti-
latadwimanamd.lia:yfanandwbing. Itwasdecidedthatthemthane|
cmtmtoftheai:passingth:uaghthenaﬁnfanstuﬂdmcmeed3per<
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Air from the mine containing a greater concentration than 3 percent was
diluted with air by-passed through the explosion doors between the mine
cpening and fan. Persamel from the MESA Technical Suppcrt growp in-
stalled methane monitoring wnits at the mine return and fan exhaust which
provided continmous monitoring of the methane content. Coammmication
facilities were established froam the surface to each seal to be remowved.
Arrangements were made with the Federal Aviation Administration to pro-
hibit air traffic over the mine area for a pericd of 72 hours,

On Friday, Decenber 10, 1976, all power was removed from the mine and
from structures located near the fan installation. Persamel, with
cammication to the fan monitoring area, were staticned at power con-
trol centers at other surface facilities to deenergize all power should
it be necessary. At 8:14 a.m., two mine rescue teams, suppcrt persamel,
and representatives from the four groups entered the mine in battery-
powered parta-buses to begin removing seals and ventilating the area. n
reaching the seal in 4 laft bleeder, commmications between the area and
the surface control center were established, At 9:23 a.m., the seal

was removed. The seal at 1 East Main was removed at 10:30 a.m. Air

was intaking into 1 East. Seals across Nos. 3 and 4 entries, Right Panel
Northeast Main, No. 2 entry left Panel Northeast Main, and Nos. 1, 3 and
4 entries 1-1/2 Right near Northeast Main were removed between 11:47 a.m.
and 1:25 p.m. There was a stxeng air flow into 1-1/2 Right. All persons
retumned to the surface. At 3:55 p.m. and 4:29 p.m., the caps were re=~
moved from the two 10-inch boreholes into 2 East gcb area. The holes were
intaking. The seal on the 13.5-fcot diameter shaft was removed at approxi-
mately 11:07 a.m., Saturday, December 11, 1976. This provided additicmal
intake air into Northeast Main, 3 Southeast, 2 left off Northeast Main
and to areas behind the shaft. The methane content of the air exhausting
from the mine increased at this time (approximately 2:00 p.m.) and peaked
at 6.2 percent. The methane content of the air passing through the mine
fan was 2.9 percent. In order to keep the methane concentration passing
through the fan from exceeding 3 percent, the No. 3 fan explosion door
was cpened an additicnal six inches. At 3:00 p.m., the methane cmntent
started to decrease and contimeed decreasing thereafter. At 7:00 a.m.,
Sunday, December 12, the methane content of the air exhausting £rom the
mine was 1.9 percent; the carbon diaxide and carben monaxide contents
were 0.35 and .002 percent, respectively. At 7:00 a.m., Tuesday, December
14, the predetemined quantities of 2 percent methane, 0.5 percent carbon
diaxide, and .0050 percent carbon monoxcide had not been exceeded for 48
hours and therefcre, plans were made to re—enter the mine. At 9:57 a.m.,
cne company, cne MESA, and cne Scotia Erployees Association representa-
tive entered the mine. Appraximately 35,300 cubic feet of air a mimte,
cntaining 4 percent methane, was passing cut of 4 Left bleeder and
approdmately 44,000 cubic feet of air a mimite was exhausting from 2 East.
Seals acrouss entries in the Left Panel 2 East, Nos. 1 and 2 entries Right
Panel 2 East and across the No. 2 entry 1-1/2 Right near Northeast Main
were removed.

Water appradmately seven inches deep was encountered at'the 1 West

track switch. Workmen cn the aftermoon shift restored power to 1 West
and started pumps to dewater the area.
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The area inby the intersection of the Left Panel Southeast Main and .
Northeast Main, and 1-1/2 Right had not been explored. n December 15!
lsm,indtﬂingrep:ese:tatiwsfzmthefmg:wps,emeredthe
mine to explore these areas. Access to 1-1/2 Right was blocked by water;
however, air was moving thyough the area. The men proceeded on foot to
Northeast Main and at 2:06 p.m., the 'iortheast Main faces and areas behird
the shaft had been traveled and foux safe. The forces of the explosion
had destroyed six stoppings and the ventilation controls at the mouth of
3 Southeast. Consequently, 2 Southeast Main was not being ventilatad.
Plastic brattice stoppings were installed to reventilate 3 Southeast.
On Thursday, Decenber 17, the seals across the Southeast Main and 1 West
Main were removed to permit ventilation of these areas. The only remain-
ing sealed area was 2 Southeast Main,

Pmrmrmwd&mthenﬁmaﬁwmmpmitteduﬂe:g:mm
December 18 and 15. During this time the maximin methane concentration
4dn air from the mine was 0.7 percent. On Decenber 21, the mine was

- preshift examined to No. 74 crosscut irby 1 West Main, and at 10:57 a.m.,
12 men representing the four groups entered the mine and examined all
accessible zreas in 1 West Main, No additicnal work or exploration was
dme from December 21 through 26 except to patrol the mine.

Fram December 26 through™31, comstruction work was done cn ventilation
mlsmzuﬁoﬁ%tMaﬁmmmatZWt
Main juncticn to control the :I.trl:ak.'ingt'.h::ot:.lgh1:1';;:I.3.S-f¢:=¢:.r!:r.];!.amet:g-;~
mmmmmmanﬁmmwofzm‘
Main. After permanent ventilation had been established in Northeast
m.mmwmam&wmmzwm
were re-rockdusted. By February 13, 1976, all areas of the mine had been
mtilahede:ccepthcutbeastMain."

Puring the pericd December-8 to 20, 1976, more than 31,000,000 cubic
feet of methane was remcved from the mine. '

46



PART VI
MMWQFZMMMMQFZMWJN :

On Monday, February 14, 1977, at a meeting at the mine, the campany
presentedmtherepresematimcfthemg:wpsare‘dsedplanfo:
recovery of 2 Southeast Main and 2 left Section. The plan, agreed to by
allg:wps,pmvidedthatthea:eammberewve:edqg:ecmmned
ventilation, air-lock method, in four advances. A minimm of 60,000 .

Main intake entries. naebathe:iesmthedelugesyscan.telepkmses,
sooop and locamotives were to be deenergized by the mine rescue teams
during exploraticns from the Nos. 19 and 25 crosscuts. The exploraticns
thsealsmembenadehymmmtemam@anied
by a State and a MESA representative. -These rescue teams were instruct-ed
mwmmwmmmﬁmmm
from the surface control center, The atmosphere in the sealed area
would be sampled daily from the Mos. 1 and 2 bereholes.

anmwmwsmmsmmmslywm
mﬂmGﬂ,OOOmbicfeetofd:anﬂnutemsreachjngﬂnmuﬂz.of

2 Southeast Main., Samples of mine atmosphere collected from the Mo. 1
borehole (sealed area), showed 71.24 percent methane, 0.58 percent oxygen,
6.47 percent carbon dioxide and .00021 percent carbon menccide. Follow-
_ﬁgt&mﬁm,amm:&mm,miedbymmm
- representatives, entered the sealed area through the air lock from the
fresh air base at No. 4 crosscut in No. 4 entry. All entries were ex-
plored to just inby No. 14 crosscut. As the team advanced, the cbserved
wﬂitimsmewmmml‘atﬂa&es?’iai:basearﬁ
n a map. During exploration, nothing was moved thout prior approval
from the swrface control center. The predetermined locations for seals
at No. 12 crosscut were examined, cleared of loose coal and measurements
made for material required to construct the seals. These materials

were prepared at the fresh air base and transported to the work area on
the specially built rail car. The construction of the seals was
mletedm?ehrua:yls,aﬂtheacploredareavasmtﬂaudtbefollQP
ing day. During ventilation, all power was removed from the mine and
mlytmsepersmusrequiredfcrﬂaevmtﬂaﬁmwerepmdtteduﬁe:grcmd.
The seals at the fresh air base were removed from the intake and returm
entries and air directed by plastic stoppings in the crosscuts between
Nos. 3 and 4 entries. The ventilaticn was controlled to limit the
methane content to less than 5 percent outby the fresh air base. When the
area was ventilated and found to be safe, official investigating teams,
m@sedofreptesmuﬁm&mmefmms:mdeawm-
t::moftheareaandcollectaddustsurveysﬂrples. While the investica-
ﬁmmsbei:gcmﬁnted,mﬁmcms&mtedplasticbad@seﬂsmﬂ
ancrete block stoppings. The stcrpings were campleted to the second
cxosscut cutby the seals. The entire area was re-rocklusted after the
investigation was completed and prior to further exploration.’
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mMﬁay,FebnmryZI.nﬁnerescuetemmwedﬂzesealsirbyNo.Ji
crosscut and explored all entries and crosscuts including No. 22 crosst
Duringthisexploratim,ﬂ:ebatte:iesmthedelugesyscenfo:the
2Iefb5ecﬁmcmveyorbeltaxﬁthetelepmnesinbbs.3and4entries
at No. 22 crosscut were removed to the fresh air base. Teamporary plastic
senlsmcmsm:ct:edacmsstheent:iesinbyrb.wmsscut. The
area was ventilated. The investigating teams examined the area and
collected dust samples. Werkmen constructed backup seals and permanent
stoppings between Nos. 3 and 4 entries. The area was then rockdusted.

n Tuesday, March 8, andnemtaane:ploradﬂzeent:iainbyhb. 28
c:osscutandthea.reamsmtﬂataimthemday. An investigatien

nezmmmzmmmmmmaby
March 9, 1977.

Mining had been campleted in mich of 2 East area. The 1-1/2 Right Section
offzrastmin,apillarsectim,vasthemlyrminmgactivepcrtimx
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of 2 East. The 1-1/2 Right Sectimn was surrownded by mined-out areas.
It was ventilated cn Tuesday, December 14, 1976, when seals acrcss 2 East
and 1-1/2 Right near Northeast Main were removed. At that time, the
active area was inaccessible because of an accumilation of water

the 1-1/2 Right Secticn off 2 East Main. EHowever, air was flowing through
the area from the 13.5-foot diameter shaft.

Water accumilations were removed and cn Tuesday, April 14, 1977, MESA
investigation teams with representatives of the campany and Scotda -

Asscciation examined all accessible areas in 2 East Main in-
clhding 1-1/2 Right Section. No evidence of flame or forces from the
explosions were cbserved in 2 East area. Plastic checks and ventilation
controls in use on March 9, 1976, were all intact. There were no falls
at the faca areas. The examination of the 2 East area campleted the
investigation of all accessible areas of the mine.

Appendix B lists the names of persens who directed and participated in
the recovery operations following the unsealing of the mine.
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PART VII
INVESTIGATION, DISCUSSION AND EVALIATION
Public Hearings

The Secretary of the Interior appointed a panel to conduct an investiga-
tion to determine the causes of the explosions. The Public Hearings were
held in the County Courthouse, Whitesburg, Letcher Cowmty, Kentucky, on
April 5= 9, and 27 - 30, 1976. The names and titles of the panel members
were as follows:

Robert E. Barrett, Chairman,
Administrator, Mining Mnforcement and Safety Administration.

Fred G. Rarem, Panel Mamber;
Deputy Under Secretary, Department of the Intericr.

Harreld M. Rirkgatrick, Panel Member;
Comissioner of the Department of Mines
and Minerals, Cammrnwealth of Rentucky.

George R. Eadie, Panel Member; —
Professor of General Pngineering
University of Illinois. ’

Thomas A. Mascolino, Panel Counsel:
Assistant Solicitor, Department of the Interior.

Transcripts of these official hearings are available at MESA headmuarters,
4015 wWilson Blvd., Arlington, Va., 22203.

The mine was sealed cn the surface cn March 19, 1976, before an investi-
gaticn of either explosion had been made. PRecovery of the mine by the
air-lock method began on July 14, 1976, when the seals were broken at
the surface portal and continued three shifts a day, 5 to 7 days a week,
until the 2 Southeast Main (explosion area) was recovered on March 9, 1977.
During the periocd from July 14 to October 22, 1976, while the areas of
the mine that were not affected by the explosicns were being recovered,
MESA selected and organized investigation teams and appointed a Coordina-
tor. Together, they develcped detailed plans and procedures for investi-
gating the explosions. The team members were selected from Techni
Suport and Coal Mine Realth and Safety perscrmel with ise and
experience in the fields of mine ventilation systems; high-and-low voltage
mine power systams; electrical installations and equirment; explosibility
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ofgasandcoaldust:propagatimofgasandeoaldustexplosions:mine
rescueandreccve:ycpe.ratims,andinvestigations following similar
disasters; and underground photograchy. A Special Investigator was
assigned to each investigation team for the purpose of cbserving condi-
timsandpmcticesv#ﬁchcculdconstimtemlﬁﬂ.violaﬁmsofthe
Act. MESA established procedures for custedy of evidence. The chain of
oastodywasmintainedbymﬁ:ingeachitsnofevidmce,axﬂrecording
ﬂaeidmtityofﬂiepersmobtainiagtheitm\,andthedate,timand
location where found. Eachitsnwasrecomdedinamstermstodylog
andvassecu:edinacustodyvmlocatedmthenﬂmproperty. The
chainofcusuodywascmﬂm:auypresexvedforeachitanﬂmughmtﬂw
transporting and testing process.

Amberofthekmt:dqnﬁnemm?mandamofthemm

memdergmmdﬁwestigatimofthecausescftheexplosimsmbegm
an July 14, 1976, and continued wntil May 25, 1977. The following persons
participated in the investigation:

Rentucky Department ‘of Mines and Minerals

Harreld N. Rirkpatrick Camissioner
Sam Johnson Assistant to the Camissioner
Albert Alexander District Supervisor
William E. Clayten Electrical Instructor
Scctia Cocal Camanv
William Coffey Director of Safety
David Adams Chief icd
Henry R. Simpscn Repairman
Raymond Asher Engineering Department
“Scotia Bwlovees Association
David McKnight President
Bemny Adams - Camnitteaman
Remneth Goins Camnitteeman
Mininc Enforcement and Safety Administration
Zawrence D. Phillips District Manager, District 6
Ray G. Ross Supervisory Mining Engineer
James D. Micheal Coal Mine S

Coordinator
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Team No. 1 - Technical Suroort

J. W. Stevensan Mining Engineer (Ventilation)
Team Leader
James Banfield Mining Engineer (mine marping)
Mmo Z-W
ﬁﬁumarm?n?frm
Jobn Nagy Physical Scientist
Team lLeader
E. N. Kawenski Chief, Industrial Safety Branch
Mining Engineer
Team No. 3 ) ,
Plotting dmmmmm
Paul J. Canmponation Superviscary Coal Mine Technical
Specialist (Ventilaticn)
Team lLeader
Strahin Federal Coal Mine
Joseph Tankers Federal Coal Mine
Nolan White Federal Coal Mine Inspector
Special Investigater
Ear] Mazzeo Photographer
Team No. 4
-Electrical Investication
Cecil E. lester Coal Mine Specialist
Director of Electrical
Investigaticn Grasmps
m.l R
Inspection and Test Mine Power Svstem
Ralph Rinehart Electrical Engineer
Group lLeader
Aaron Jones Electrical Engineer
Danald Osborne Federal Coal Mine Inspectar (Electrical)

No. 2
Inspection of Electrica%t_ug&um and Power Cables

Richard Reynolds Electrical Engineer
Group leader
Gecrgz Fesak Electrical Engineer '
Andy Lycans Coal Mine Technical Specialist
Inspector
Photographer '
Arthur Cross Feder;al Coal Mine



kgimingatthemuthofhbrtheastMainaxﬁcmﬁnﬁing&mw

2 Southeast Main, immediately after the fresh air base had been advanced
byreccva:yteams,atﬂthemamxbyhadbeenseaned. ventilated and
othe:wisemdesafe,theimﬁ.gadmteamsentexedtheareatomke

Factors Affecting the Explosions
Ventilati

mzmtminmmmmyznoo&etmmm
terd.tozybyﬁveenﬁes.mimthemandpﬂla:wstanofuﬁning.
Attbeﬁneofthee::plosimtheelevaﬁmofthemalbedneuthefaces
mmdmtdy?ﬂfeethighermmat,them:thofzmmin.
Intakeairwasmed_intotheareatb:wghthem.4uad:entryand
the parallel No. 5 entry. The Nos. 1 and 2 entries were return air-
courses. 'mecmveymbeltwasinstanedinm.Bar&yandmmti-
lated with a separate split of air. During the Federal inspection
capleted in February, 1976, 25,168 cubic feet of air a minute was
measured at the retizn regulator and 69,000 cubic feet of methane was-...
being liberated in 24 hours. From all available evidence, it appeared
ﬁutdemlopmntoftheZSou&mstMainfaoaswasdiscmﬁmedineuly
February, 1976, @mmzmmoﬁzmtm,m
mately 1,700 feet outby, was started. At this time, the 2 Southeast Mair
faces and Z Ieft ection-were cn cne contimuous split of air. On March ¢

ZIeftSectimaLﬂZSGutheastMaintnpemﬁ.tsplitﬁmgof'd:eaix. To
gainmssintoZLeftSecdcn.c:n:reteb]od:smppingswerermved
atNo.ZBc:csscutbeuemNos.ZmdBenﬁ.esanchs.Baﬁ4entxies,
2 Southeast Main. Feportedly, to prevent short-circuiting of the air
ventilating 2 Southeast Main inby 2 Ieft, a plastic check curtain was
instaJ.l.edbetiee.nNos.3ani4entriesatNo.23cmss:ut. Air-lock docrx
whichvmldhavepemitbeden&yintothesectimandstinpmvidedposi
tivemﬁlaticninZScutbeastMaininbysztwe:emtpmvided.

Q:ﬁ;eaftanmshift,bnﬂay,mrdx&rederalmalbm:e
Davis,vmilemkingaﬂealthmdsﬁetyTecbmcalInspecﬁm.msured
theairintbelastcpen;::cssmtofzzeftbememthei:rtakemd
retum aircourses. The quantity of air measured was 8,092 cubic feet

a minute and a 104(b) Notice of Violation was issued. The quantity of
airinthelast@enc:csscutwasin:reasedtolq,ﬁzmicfeeta
minute and the Notice was terminated. According to his testimony at the
official hearings, Davis stated that the check curtains were . ired
to increase the quantity of air. According to other testimony, withd.
thehmled;eoftbemspector,ndm:shadbeeninstmcbedby&ctim
Foremzn Williams to install plastic checks across Nos. 4 and 5 entries ir
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2 Scutheast Main inby 2 Left. The Secticn Foreman ordered the checks
inby 2 ILeft removed prior to leaving the Secticn at the end of the
shift, Miners and Assistant Mine Foreman Bentley testified that

they did not notice a check curtain across the 2 lLeft track at No. 23
crosscut when they entered the Section on March 8. According to testi-
mony, this check curtain had been totally missing or partially down for
several days prior to the first explosion. The open No. 23 crosscut
and the placement of the checks in Nos. 4 and 5 entries, 2 Southeast Main
inby 2 Left, short-circuited the ventilaticn inby 2 Ieft. :

m&ingtctesﬁnmyattheofﬁdalheanngs‘ » an March 9, while making
aninspecﬁonoftheabandmeleeftSe::imofchrtheastMain,
fmmdﬂaataregulaborwsopmamdmtelyfmfeetwiderthantahad
cariginally set it after the Section was abandcned. According to Bentley,
he closed the regulator to its original position, which decreased the
quantity of air by 8,940 cubic feet a mimute. Following the adjustment
of the regulator, Bentley contacted Section Foreman Virgil Coots in

2 Ieft Section off 2 Southeast Main to incuire about Coots' ventilation.
Bentley told Coots that his closing of the regulator should have in-
creased Coots' ventilation. Coots told Bentley that he had just lost his
air. A few minutes later, at approdmately 11:45 a.m., the explosion
ocouxred.

Following the explosion on March 9, approximately 17,000 cubic feet of air
a minute was available to ventilate the 2 Sautheast Main area. Rescue
persannel were unable to cbtain any appreciable movement of air inby No. 22
crosscut. Wednesﬂayevening,ua:dzlo,cmpanyofﬁcialsa:ﬂe:ployees
MEEA representatives, including the MESA rescue teams, entered the mine for
ttnptmposeof_wdhgadjustnartsinthemizevmﬁhtimsystanmpmvide
additional air in 2 Southeast Mainto permit total recovery of the area so
that an investigation into the cause of the explosion could be conducted.
mmmmﬁmmﬁmﬁmmmm@m
which were adjusted in an effort to increase the amount of air available
for 2 Scutheast Main. Approximately 19.000 cubic feet of air a mimute was
taken from the 1 West air split, but this amount did not increase the air
quantity for 2 Scutheast Main.

AccordingtothevmtﬂaﬁmplmsuhnittedtotheDistﬁctManage:for
approval on March 1, 1976, approximately 175,000 cubic feet of air a-
minute was intaking at the main portals and ventilating 1 West Main, 2 East
Mainarea,Soutreastmin,andtreLeftPanelofSou&xeastMain:aporﬁm
of the air ventilated 2 Southeast Main. 2nother 50,000 cubic feet of air
a minute was intaking at the recently comstructed air shaft and ventilat-
ing areas inby 2 Left off Northeast Main. A portion of this air was also
used to ventilate 2 Southeast Main. The amount of intake air entering

2 Southeast Main from the two sources could possibly vary due to a change
of resistance in either intake source.

During the investigation following recovery of the mine, it was found
thatsmevmrdlatimcont:olsskmmtheventﬂatimmpsuhmttedfor
approval on March 1, 1976, were not in place in areas of the mine that had



mtbeenaffectedbytheforcesofﬂ:eaq:losims. wo missing requ-
latcrs,meintheNo.lentryonIeftoffNortheastMainandcnein!
thecmnect:‘:zgentriesﬁmtheaj:shaftmt:ies. were crucial. These
regulatmsmuldhavecm&ouedthequantityofairfrantheairshaft
vd:ichwasbeingdivertedtotbegoba:eas;andalsowuldhavesigniﬁ-
w&tlyaffectedthevolmeofairavailabletoventilatezsmt!aastyain

BB
;
8]
|
;
g.

ZIeftSectimoffzsoutheastmeasobservedinstalledmtheright
sideofttacmﬁnuousnﬁningmclﬁ.neinrb.4enuy, indicating a blcw-
mgsystanoffacevmtilatimhadbemused.

Ventuatimsuveyswerecmductedatthenﬁneﬁmna\msmrcugh%
1972, and from June 17 through 24, 1974, by company and MESA personnel.
'mef:::s;surveymsm:ctedattberequestofthecarpaw. The sur-

slope entries. mena.m:ettmzmsresu:ictedtoasingleuneof
overcasts; and had double-regulated splits and small cross-secticnal
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area overcasts. Approaches to same overcasts were not streamlined

to permit an even air flow. These conditions and practices contributed
to unnecessary hich resistance to air flow. The survey repcxts recamended
that the high resistance areas be eliminated; that an intake air shaft be
pmvideiintkauortbastminarea:andﬂ:atadditimalremmmses
be provided in the slope area.

A 13.5-fcot diameter air shaft was ccmpleted July 21, 1975, and

new return aircourses were developed parallel to the slope entries.
However, at the time of the explosion the new return entries had not been
cormected to the mine ventilation system.

During the recovery operations and the investigation, it was found that
the air flow fram four main retum aircourses was restricted to one single
line of overcasts at 2 East and the area over cne of the overcasts was
cnly 40 square feet. The tops of overcasts in entries, except where
additional clearance was required for haulage equipment or an escapeway,
were constructed to about cne-half the entry height thereby restricting
air flow to an area approximately cne-half the entry area. Where addition-
al height was needed at overcasts along haulageways and escapeways, roct
had been taken down immediately above the overcast site and little effort
had been made to streamline the entry cn each side of the overcast to
reduce resistance. See Appendix L, Figure 2. Gob was stored in crosscuts
and entries in many areas of the mine. Main return aircourses at many
locations were restricted by gob and falls of roof. Same ventilaticn
controls installed during development had not been removed when no longer
needed to control the air current, resulting in unnecessary restrictions.
Proper ventilaticn controls were not installed when the air shaft was
put into service. The bleeder system and ventilation controls in the
pillared area of 1-1/2 Right off 2 East Main did not insure that return
air flow from the gcb area would not enter the active working places
along the pillar line.

From the available evidence, MESA investigators conclude that: 1) The
2 laeft Secticn off 2 Scutheast Main was activated before permanent
ventilation cntzols were installed and ventilaticn problems were en—
comtered (low air quantity) on this section an the last ccal-producing
shift befcre the explosion, and immediately before the explosion
occurred; 2) Checks were crdered installed acrcss intake aircourses in
2 Southeast Main; 3) The air current was intentionally short-circuited
in 2 Southeast Main (and also in Northeast Main), which resulted in
unventilated areas and methane accumlaticons; and 4) A requlator was
changed during the ccal-producing shift on March 9, 1976, shortly befcre
the explosicn occurred.

The above conditions and practices, same of which had existed far an exten-
sive pericd of time, resulted in sericus mine ventilation problems that
were either undetected or ignored by mine management, and reflected a

lack of understanding by mine cfficials of sound ventilation principles,

a lack of appreciaticn of potenticnal hazards of methane accumlaticns, cr
a disregard for campliance with Federal law pertaining to mine ventilaticn.
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From May 17 to 23, 1977, MESA persammel in cocperation with company persa
mtedtestsmsimnateﬂamhﬂmmsysm&atwasmeﬁectm
2 Southeast Main cn March 9, 1976. The tests were made to.determine
airflows, nmofmﬁ:mﬁ.hentim,ﬂ:eeﬁec:ofshort-dmuiﬁng
the air through No. 23 crosscut and the effect of checks in Nos. 4 and S
intake entries in 2 Southeast Main irby 2 Left.

mmsm@udmmmmmmn-dﬁxﬁteanm. 23
Qxcsscut, with approximately 11,000 cubic feet of a mimrte passing
tb:oughéhelastcpenm;nzuft&cum, cnly a perceptible
movement of air was detected by chemical smoke test in the last cpen

slowly in 2 Southeast Main inby 2 Left when the air was short-circuid
No. 23 crosscut, and more rapidly when the air was totally restricted
checks across Nos. 4 and 5 intake entries, 2 Southeast Main inbe
2 Left. Appendix M-1 is a report of the test.

Methane

shoved a daily methane liberation of 216,000 and 411,000 cubic feet,
respectively. Samples collected by MESA inspectors during 1975 showed
the mine liberated

asm:hasSpemt.was&tectedinSoutheastMainonFebmazylands,
1976, ard in the Left Panel off Scutheast Main cn February 27, 1976.

Testimony of campany officials and employees at the official hearings
indicated that as much as 3 percent methane had been detected in No.
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entry, 2 Southeast Main, 4 or 5 crosscuts inby 2 Left Secticn during
develomment of that area. During December, 1975, mechanics working an
equipment in the track entry about eight crosscuts outby the face area
had ignited a methane feeder while using an acetylene torch. This igni-
tion was not reported to MESA. Cormpany officials reported detecting as
mach as 4 percent methane in variocus working places while making routine
examinaticns and tests. According to an air sample collected by a
Federal inspector on Jawmary 22, 1976, 2 Southeast Main was liberating
69,000 cubic feet of methane in 24 hours. During rescue and recovery'
operations in 2 Southeast Main following the March 9 explosion, rescue
teams reported methane concentrations ranging from 1 percent at No. 11
crosscut to more than 5 percent at No. 27 crosscut.

After the mine was sealed on March 19, 1976, until 2pril 27, 1976, the
methane in 2 Southeast Main increased to 36.47 percent. By July 14,
1976, the methane comtent in this area had increased to 55.46 percent;
ard by February 14, 1977, the methane content in this area had increased
to 71.4 percent, as determined by analyses of air samples collected
through Nos. 1 and 2 boreholes. During the investigation in 2 Scutheast
Main methane was being liberated from the ribs of Nos. 1 and 5 entries
and from cracks in the mins floor aleng these ribs. Air samples collected
fram cracks in the bottom of No. 4 entry and from bubbles in water in
No. 1 entry between Nos. 25 ard 26 crosscuts showed 1.74 and 6.81 percent
methane, respectively. The cover over the coal in 2 Southeast Main
exceeded 1,100 feet. The pressure created by this overburden caused
stresses which resulted in heaving and fracturing of the mine floor as
well as sloughing of the coal ribs and faces. These conditions, as they
developed, caused release of methane.

Pr&h;ftazminatimwastobemad&byacer‘aﬁedfuehosspnmtothe
first of the two coal-producing shifts. At the official hearings the
fire boss stated that he was unable to perscnally examine each of the six
sections because of the extent of the mine workings. Other certified
officials examined same of the sections, but the fire boss signed the
recerd book on the surface. During the investigation following the
secarnd explosion, a search was made in the mine for dates and initial
marks that would indicate that required examinations and tests had been
macde. The last marks an a roof bolt plate in face areas were; 2 Scuth-
east Main "2-6 CF" and "2-6 VC"; and left Panel Northeast Main "11-8-75
CF". It was a practice in the Scotia Mine to place dates and initials
an roof bolt plates. See Appendix L, Figures 3 and 4.

'mermdsoftheprah;fte:mmtmnsformmhs,w%,szgnedby
Charles Fields, fire boss, showed that he made the preshift examination
of the entire mine including 2 Southeast Main. However, testimony at the
of‘zcmlheanmsmdicatedthatAmlccnzett,thnasmftMmeFm,
made the examination in 2 left Section, but did not examine 2 Southeast
Main inby 2 Left Section. Ccrnett stated that 10,120 cubic feet of

air a minute was measured in the last cpen cxrosscut in 2 1éft Sectiom.
However, the fire boss record book showed 14,000 cubic feet of air a
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minute but designated the place as "2 SEM". The fire boss recard bock!
Main during early February, 1976, and the mining equipment moved to
2 laft Secticn, the fire boss book continued to show a designation for
2 Scutheast Main and made no reference to the active 2 lLeft Secticn.

14

On the day shift, March 9, 1976, J. B. Feltner Construc-
tion Foreman, instructed the operatars of the Nos. 6 and 8

powered locorotives to transport a load of rails into 2 Scutheast
inby 2 Left Section. Feltner testified that he did not instruct the
loxmotive cperators to make tests or examinations of the area befecre
entering the area. He stated that he assumed 2 Southeast Main inby 2 Left
had been preshifted because the area was cn intake air. Ha testified that
the locomotive operators did not have methane detectors.

-Gn=-shift examinations for hazardous conditions were to be made cn each
active coal-producing section by certified foremen., Miners whose dutias
required that they makes tests for methane during the ocperation of electric
qﬁpmtm&mamsmmﬁddﬁwwmm
but often were not trained in the use of these detectcrs.

mmymmwmmmmmmm,mm-
iagtestsfo:mthane,wastobsnﬁahmesBa:ﬂey,Asdmwm
Foreman in charge of ventilaticn. The weekly examinaticn record bock

: i it msﬁfiqﬁmdimm ggkzs .
Freceding March 9. Bentley _ the was m&.
only upon canpletion of each examination of the entire mine. He stated
that the last weekly examination which had been campleted was not entered
ﬁ&emcmdbook-becauseofseimofthereuﬂbod:by»ﬁﬁhfoﬂaﬁng
the explosicn on"March 9. He stated-that he had exsmined the 2 Scutheast
~Main inby 2 Left Sectitn cn March 8, and had not found more than 0.3
percent methane.

Testimony at the official hearings revealed that a check in No. 23 cxess-
Qut across the track leading into 2 Ieft Section off 2 Scutheast Main
wastctauymissingorparﬁauydmatvaﬁmstimsp:ecedingtheﬁrst
explosion. The night before the explosien, check curtains were hung acress
the intake entries in 2 Southeast Main inby 2 Left.- These practices
.mwmmmmtmmmmazmtmmzm.

Testimny revealed that a methane feeder in the floor had been detected
mzmmmammmmmmmm, 1975
Measurements at this feeder made by campany officials showed methane con-
centratians of 5 percent. In May, 1977, MESA and campany perscnnel con-
ducted ventilation tests in 2 Southeast Main and determined that the rate
of methane liberaticn at that time was 5.7 cubic feet a mimite.

mefmgoimeﬁdamsmmtzmminmlibemﬁmmﬂnng

pricr to the first explosion; that there were practices detrimental to
proper ventilaticn; that required examinations were not conducted: thaty
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as mich as 5 percent methane was present immediately after the first
explosicn; and that methane was still being liberated after the explo-

between the first and second expleosion, and that an explosive concentra-
ticn of methane had built up in 2 Ieft Sectim at the time of the second
explosion.

In May 1977, ventilation tests showed that methane was liberated in 2 Ieft
Section off 2 Southeast Main at the rate of 1.5 cubic feet a minute. This
area was not ventilated during the approdmate 60-hour interval between
explosions. Although 17,250 cubic feet of air a mimute was entering

2 Scutheast Main, after the first explosion, little if any air reached the
last fresh air base at No. 22 crosscut. It was this lack of sufficient
ventilation that delayed rescue and recovery efforts. Calculations
indicate that during the pericd between explosions, methane concentratien
in the appraximately 300,000 cubic feet of cpen volume in 2 Ieft Section
would have increased to the explosion range. The presence of an explosive
concentration of methane in 2 Ieft Sectiecn at the time of the second explo-
sion was shown by the extension of flame to all faces of the Secticn. Flam
willmt;mo;agateintoa&ad—endpassagwaymlessanaghsivemﬁ:ane
concentration is present, as has been demenstrated in

reparted in Bureau of Mines Repart-of Investigations No. 6344. 'me
presence of flame at ‘the faces was evident fram the heavy ccke deposits
in these areas. Tests were made on a sealed dust collection box of cne
of the two roof-bolting machines on 2 Left Secticn. The baxes cn both
machines were partially crushed by the second explosion. Tests in which
ane of the baxes was subjected to explosion pressure sufficient to crush
it to the same extent as ocouxrred in the second explosion, showed that
the rressure had to exceed 30 peig. For this pressure to develop in a
mine explosicon, a methane concentration of at least 7 percent would be
required. 2Appendix M~10 is a repart an the tests conducted on the.dust
collection box.

Rick Parker, cne of the two suxrvivers of the March 1l explosicn, who was
located at that time in the lLeft Panel of Northeast Main at No. 182
crosscut, near the junction of 2 Southeast Main, at the cfficial hearings
stated:

" « o well, we heard it . . . a large boam. And within just
a matter of secends . . . in fact, I think I had time to
getmyhandsovermyears I was trying to protect them from
any percussicn. There was just a . . . you could hear it
cming at you and then, allofasudden just a big whoosh,
right over the tcpof you . . ."
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T&tsinﬂa&meauofmmswmmneslwedtmtfcza"bm'{
o develop, the methane in the March 1l explosicn area would have had
to have been in a concentration of 7.5 to 12 percent. A coal dust
explosion, except a high velocity explosion developing in float coal
dust, develops 2 "whoosh" without a "boam.

At the time of the secend explosion the methane in 2 Ieft Section

was mixed rather than layered. The rescue temms, after the first explo-

fhrouchout 2 Left et Pifireight days aftes the cesony oo,
Ieft Section. exp.

mmmwatm.zmemzs.s.zs.sw

29.7-percent methane at the mine flocr, mid-height and roof, respectively.

Ccal Dust

D:n’.ngtheiavestigaticn,banddnstsmplesmmnectedbymm
South Main, 1 West Main, 2 ILeft cff Northeast Main, Southeast Main,

Northeast Main, 3 Southeast Main and 2 Southeast Main. Samples were

.mnmlaOfmmmmm,mmtvmzmm
and 2 Left Secticon off 2 Southeast Main, sanmples were collected 90 feet
apart in each entxy. The sanmples were analyzed for inconbustible and
ke content. Cutside the areas affected by the explosions (in south Main,
Soutbeastmm,IWestMain,3Sau&eastminandZIeftoffNartbeast
w.mm&u@mam@daommmmw

content and 73 percent of the 194 return samples were below the ired"
80 percent incombustible content. 2ppendix B shows the sampling loca-
tions and dust analyses. '

During 1975 and 1976, Pricr to the explosiens, 405 mine dust samples
mcoﬂectedinﬁ;eSmti’amm—byminspectors. Analyses of these
sanplesares:’m.lartntboseofthe-abovesaples. In this pericd the
ave:ageincmbastjblecmtmtofthedustintheintakeswasupe:mt,
mﬁnpercentofthezaomtakesanplesmlessﬂmtherequi:ed

65 percent i le content. In the return aircourses, the average
irmrbusﬁblecmtmtofthedmtmﬁpement,aﬁ%pemtoﬁthe
125 samples were less than 80 percent incombustible. During the period
January 27, 1976, to March 9, 1976, dust surveys were conducted in.four
secﬁmsofthenﬁnemtaﬂectedbythea:plosims. In these areas, the
avengei:x:nh:sﬁblecmtentofﬂ:eimaheaircoursesmplesmssaper
mnt,arxdofthereuznai:bazsesanpleswas”percent. ly cne
sanplecftheucollec:edwasbelwt.‘ue:eqdmtsofthem.

Two hundred dust samples collected in 2 Southeast Main after the
explosions showed an average incombustible content of 49.6 percent;
leustsamplesfranZLeftSecﬁmoff‘ZSqrtheastMainhadana
of 42.7 percent; and 184 samples fram the Right Panel Northeast Main
had an average of 56.6 percent. The incombustible content of these
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samples does not represent the conditions prior to the explosions. The
2 Left Section was rock-dusted on the shift preceding the first explosion.
In the Left Panel Northeast Main, where a few sampling locations were in
the area affected by the explosions, the average incombustible content
of 131 samples was 78.9 percent. These data show that outside the
explosion area the average incombustible content of the dust was above
65perce:rtbutalargemmberofsaupleswerebelwthenﬁnimmrequixe-
ments of the law. The mmoer of deficient samples was considerably
greater in return aircourses than in intake aircourses. In the area
affected by the explosions nearly all the samples were deficient in
incarbustible content.

Close examination by the investigation teams of the mine surfaces in the
explosimareasruoedthatalllocaﬁons,emeptinﬂ:eimwdiate
faceareas,hadbeenrock—dustedpriortothefirstexplosim. The aver-
age incambustible content of 54 mine dust samples collected in the
intake aircourses of 2 Scutheast Main prior to the explosions was 81.3
percent; the average in the return aircourses was 82.6 percent. Four
ofthelBsanplesint!*eretzmaﬁmsescmtainedlessthanSOpercent
incembustible content.

Vianlexanﬁnatimbytheizwestigationtearsoftheacplosimareastmed
deep accumilations of coal and coal dust in 2 Left Section, 2 Southeast
Main and Right Panel Northeast Main. The accumilations were greater
than those in the rest of the mine. The greater accumilation in the
threeareasabovewasparﬂyduetostressesinposedmﬂ:ecoalbythe
overburden. In the three areas, the coal was visibly fractured and
tended to spall fram the ribs. In February, 1977, four full-depth
samples of coal dust (-20 mesh) were collected from 2 Southeast Main
entries by the investigation teams. Data from these samples show 66.6,
27.8, 28.8 and 20.9 pounds of coal dust per linear foot of entry width
and an average incambustible content of 28.3 percent. In order of the
abcvedatathesampﬁnglocatimsmeZSoutheastMajn,No.smﬁ:y,
between Nos. 22 and 23 crosscuts; 2 Southeast Main, MNo. 1 Entry, between
Nos. 23 and 24 crosscuts; 2 Left Section, No. 4 Entry, between Nos. 1 and
2crosscuts;and213ft$ectim,No.lmtryoutbyNo.lcmsscut.

Examination of the explosion area in 2 Southeast Main indicated that
:ruchofthecoaldustont‘iefloorhadbeenraisedintosuspensim
during the second explosion, and in relatively large areas. The ribs
atmnylocatimswescouredcleanbytheairmvatentoftheexplo—
tien. It is concluded that in the first explosion much of +he rock dust
in the top layer of dust in 2 Southeast Main from Nos. 15 to 34 cross-
cuts was mixed with a heavy sublayer of coal dust to produce a mixture
that would be less than 65 percent incambustible. The second explosion
then propagated through this dust having low incombustibility.
Sampling during the investigation verified that considerable mine dust
was raised into suspensicn in 2 Southeast Main in the second explosion.
At No. 20 crosscut in 2 Southeast Main, dust in a sguare-fcot area on top
of a power center was collected by the inventigation teams. The dust
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was equivalent to an airbome dust concentraticn of 0.3 ocunce per cubic
foot, which is six times greater than the minimum explosive concentra-
tien. medustmthepowercente:haqsettledf:m.ﬂzemineaﬁms-

incombustible
thedustinthissauplemZBBpercmt,ascmpa:eﬂto%Sper-
cent for the coal seam itself, indicating that only a small fraction of
the dust hwrned during the explosion. This also indicates that a con-

on the floor in No. 3 crosscut. The dust an the block was equivalent
to an airborne dust concentration of 0.1 ounce per cubic foot and the
incomtustible content was 36.3 percent.

mgmmmmm

The evidence gathered by MESA's investigation teams indicate that the
March 9 explosion was initiated by ignition of a methane accumilaticn
near No. 31 crosscut in 2 Scutheast Main. The cambustible methane mix-
ture did not extend to the faces of 2 Scutheast Main. Consequently,
pnss:rerelieffonmingzgnitimwasatuﬁ:edmbothinbyandoutby
d::ecumsandneith&thepresmmrtheﬂamvehcitywemmsive.

The expleding methane dispersed mine dust into the air and caused flame
toc propagate approscimately 1,600 feet. Soot deposits confirmed that
coal dust entered into the explosion. 'meeqﬂosmdeveloped:elativé
low pressure ard low flame velocity as evidenced by the minimal

outby the intersection of 2 left Section. Flame propagation was arrested
by the incambustible matter in the top layers of the mine dust. But

fo:ceofﬁeaglos:mnﬁ:nedﬂnreladvelydeepﬂcoraﬂrﬁbcoal
dust with the rock dust.

meevidawegaﬂnredbym'shwestigatimtemsindiatethatthe
March 1l explesicn was initiated by ignition of a methane accumilaticn
in or near the entrance of 2 Left Section off 2 Southeast Main. The
high-velocity methane explosion dispersed the relatively deep coal dust
accumlations on the floor and ribs in 2 Left Section. Scot deposits
in 2 Ieft Section confirmed that coal dust burned. The explosion flame
prcpagatedmmﬂemmesofzwumnwhmala:gemmt
of coal dust was dispersed with a lesser amount of rock dust that had
been mixed by the previous explosien. 'mepu:esaweofmckdustinthe
u:playersmrtbyuo.lScrosscutarxiﬂaepressmreJief by
the intersection of 2 Southeast Main with the Right and ILeft Panels of
Northeast Main slowed the advancing flame. However, sufficient coal

direction in the Right Panel. Explosicn flame was eventually quenched
by the rock dust and the pressure relief provided near the ‘intersection
the Right Panel and 3 Scutheast Main,
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Electrical Circuits and Equirment

All energized electrical circuits and equipment located in the explosion
areas, or which supplied power to electric equipment in the explosion
areas, were examined and same extensively tested to determine the
settings of shart-circuit, overlocad and graumd-phase protective devices,
in oxder to determine if the mine power system had supplied the igni-
ticn source for the first or second explosiom.

The surface substation from which the underground high~voltage circuit
cariginated was examined. The grounding resistar, high-voltage circuit
breaker and ground fields were tested by MESA electrical engineers.
Tests conducted on the high-voltage circuit breaker revealed that the
tective relays were adjusted to activate the circuit breaker at 320
amperes overload and 1,200 amperes short-circuit cxrent. The grounded-
phase protective relay was adjusted to activate the circuit breaker at
16 amperes of ground fault cxrrent. Tests perfarmed on.the oil circuit
breaker showed that at the maximm ground fault current of 25 amperes,
the circuit hreaker would activate in seven seccnds.

The ground check monitor and the ground fields of the substation were
tested and found to confarm to all applicable requirements of Part 75,
Title 30, CFR. Appendix M~6 contains test data cbtained in the surface
substation. The high-voltage circuit breaker protecting the underground
clrcuits activated after each explosion and autematically removed all
alternating crrent power from the mine.

As each portion of ‘the mine was recovered, the distribution circuits and
equipment in that area were examined and each power or control circuit
that could have been a potential source of ignition was tested. The
underground investigaticn included a visual examination of the high-
voltage cable fram the bottam of the main power barehole to 3 Southeast
Main and in 2 Southeast Main between the mouth and the section power
center in 2 Left Sectin. The investigation revealed that portions of the
high-voltage cable were not rated for the woltage of the circuit in that
a partion of the cable was rated at 5,000 volts but was energized at 7,200
volts. A high-voltage cable splice located at No. 205 crosscut of the
Left Panel Northeast Main was improperly made in that the metallic shield-
ing had not been replaced around the pover conductors. The length of
high-voltage cable between the belt power center at No. 180 crosscut
mdthe"?"-bm:mNo.l&cmssmtmﬁmedagmmdedmase Portions
of the high-voltage cable between 2 Southeast Main and 3 Southeast Main
showed evidence of intense heat, but the phase conductors were not

ded. After the splices were reinsulated and covered with metallic
shielding, the cable was reenergized to provide power for recovery work.
The high-voltage cable coupler for the 2 Southeast Main high-voltage
cable was found disconnected at the "Y"~box at the mouth of 2 Southeast
Main ard dust covers were in place on both the coupler and the receptacle.
See Appendix L, Figure 9.
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The high-voltage cable in 2 Southeast Main was examined. The ocuter
jacket of the high-voltage cable contained several cuts and abrasions,
and tests indicated that cne phase was intermittently grounded. A

mine rescue team had reported that a high-voltage coupler in this circuit
had melted either from electric arcing or the intense heat of the explo-
sicn. However, an examination of the alumimm housings at the high-
voltage couplers showed no evidence of melting or intense heat.

Appendix 1t~7 contains test data for the belt power center . (BMOO s/n 503-
300-P~1) in No. 181 crosscut. Appendix M-8 contains test data for the
"Y"=boxes in the high-voltage circuit.

Bctensivetestsofthehigh—wltagesystenmecumctedtoascertain
why the grounded-phase protective relays in the "Y"-boxes did not
activateax:ddiscmmectthepmarmlyfrmﬂueaffectedpartoftt:e
Circuit, thereby preventing the 7.2-kV high-voltage circuit breaker
locatedm&amfacef:unactivaﬁmaﬂdewgizingthemﬁ:emine
circuit, ﬁ:esetestsrevealedthatdaublegruxﬂedphase,faultsadsted[
inthesystanvmichcausedsmrtfcirmitcurrmttoﬂwandacﬁ.vatea
B.B-!drh:eakeratthenainmbstatimmidasuppliedpaerto&:esub-
station feeding the underground circuit. The results of these tests are
included in Appendix M-9.

Thre forces of the second explosion moved the "Y"-bhox (Ensign s/n M~1157)
located in Mo. 182 crosscut Mortheast Main appraximately 70 feet. Both
load-break switches in the "Y"-bax had apparently been mamually placed
in the open position and the high-voltage cable extending into 2 South-
eastb!ainhadbemdiscmmectedbefomﬂaesecaﬁa:plosim.

The EMCO 300-kVA belt power center located in Mo. 180 crosscut between
Nos. 3 and 4 entries Northeast Main supplied 480 volts for operaticn

comeyordrivemitandamlll-?Drsem:pmp. See Appendix L,
Figure 10. The power center was equipped with two duplex 110-volt,
single-phase receptacles; however, no circuits were connected to these
ocutlets. The 480-volt circuit, originating at the belt power center
and supplying power to the Northeast !Main belt conveyor drive wnit, con-
sisted of round, 2/0, three-conducter, type G-GC, 600-volt, P102 =4
cable. The circuit was protected by a 400-ampere, three-pole rolded-
case magnetic circuit breaker, labeled belt drive Mo. 1, equipped with
undervoltage protection and adjusted to 4,000 amperes., See Appendix L,
Figure 1ll. The circuit breaker was in the tripped position and the
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cable coupler was plugged into its mating receptable. The MNortheast

Main pelt conveyor was controlled by means of a 32-volt d.c. control
circuit connected through single-pole, single~-throw, retaining-type
switches. The impedance across the open contacts of the circuit
breaker for belt drive No. 1 was measured and found to b2 2 megohms
across each of the three sets of contacts. The 480-volt circuit origi-
nating at the belt power center and supplying power to the 2 South-

east Main belt conveyor drive unit was a flat, No. 4, three-conductor,
type G-GC, 600-wolt, P102 B M cable with an external ground check con-
ductor. The circuit was protected by a 225-ampere molded-case ragnetic
circuit breaker, labeled belt drive No. 2, equipped with undervoltage pro-
tection and adjusted to 2,250 amperes. See Appendix L, Fig. 1l. The
dxcuithreakervasfomﬁinthetrippedpositimandthecablecwpler
was plugged into its mating receptacle. The 2 Southeast Main belt con-
veyor was controlled by a 32-volt d.c. control circuit connected through
single-pole, singl » retaining-type cn-off switches. The impedance
across the open contacts of the circuit breaker designated for belt drive
lo. 2 was measured and found to be 60,000 chms, 70,000 chms, and 2 megolms.

 The 2 Southeast Main belt control circuit was interlocked through a
wcentzifugalmllerswitchsothatthebeltcmveyorvmldstartarﬂstop
autcmatically when the Northeast Main belt conveyor started or stopped.

"The No. 14 two—conductor belt conveyor control cable extending into

2 Southeast !Main was broken at several locations. One conductor of the
- control circuit was broken approximately 20 feet from the belt canveyor
starter box. See Appendix L, Fig 12. The severed conductor was turned
back and taped in a manner that indicated that the control circuit had
been intenticonally disconnected pricr to the first explosion. A 110-volt
cable-type receptacle was comnected in parallel with the control circuit
appraximately three feet from the belt conveyor starter box. A short-
circuited male plug was inserted into the receptacle, thereby short-
circuiting the control circuit inby that point in 2 Southeast Main. See
Appendix L, Fig. 13. .

The 480-volt circuit extending to the l~horsepower Pump. consisted of a
No. 10, four-conductor, type SO, 600-volt cable. The circuit was pro-
tected by a 225-ampere molded-case magnetic-type circuit breaker (labeled
spare) equipped with protection against undervoltage and adjusted to
2,250 amperes. The ¢ircuit breaker was in the manually tripped position.
See Appendix L, Fig. 11l. The cable coupler had been removed from the
receptacle and had been partially disassembled. See Appendix L, Fig.

14. The bolts securing the outer metal housing had been removed and

the two halves of the coupler had been separated, exposing the cable
wrench was found inserted in the retaining screws securing ane of the
phase conductors. A 10-inch crescent wrench was lying on top of the
belt power center. :

67



A Galis roof-bolting machine, Mocel 320, 480-volt, was located in the
track entry between Nos. 181 and 182 crosscuts Northeast Main, The

of the cable had been pulled to the 300-kVA belt power center in No.'
- crosscut and two Allen screws which secured the two halves of the coupier
had been removed.

Two W battery-povered loccmotives (company Nes. 7 and 9) were
located in the Northeast Main txrack entry between Nos. 181 and 182
cxosscuts. The No. 7 locomtive was commected to a mine car. The No. 9
locomotive was comnected to the Galis roof-bolting machine by msans of a
5/8=-inch steel wire rope. Both locamotives were mamufactured as permissi
type; however, they had not been maintained in permissible condition.
See Appendix L, Fig. 15.

The light switches were in the cutby position, the reverse bars were in
the neutral positicn, the comtrollers were in the off position, and the
parking brakes were in the cn position on both locomotives. The batterie

cn both locamotives were campletely discharged and the water had evapo-
fated frem the batteries.

The belt deluge system at the 2 Southeast Main belt conveyor drive wmit
was manufactured by Wise Industries, Incorporated, and powered by two
6-volt batteries. :

The permissible~type fire sensar circuit installed along each belt con-
veyor entxy received electric power from a battery-cperated power suge'v
located in the supply house on the surface. - This circuit was ‘
from the surface after the first explosion.

mammzmmmz'medw
near the 2 Southeast Main belt conveyer drive unit after the first
explosicn.” It had been broken at several locaticns by forces of the
explosien. )

Immediately after 2 left Sectim was recovered, an examination of all

electric face equipment and other electric equipment in 2 left Section

and at the mouth of 2 lLeft Secticn was made. The three permissible~type
Mine Safety Appliances telephrnes had been removed from the 2 Left Sectic
area by a mine rescue team. One telephome had sustained severe mechanice
damage to the case and to the-internal electric campcnents. See Appen-
dix L, Fig. 16. - The investigation revealed that this telephone had been
damaged extensively by explosion forces; no evidence of an explosion witt
the enclosure was found. The housing of the telephrmes contained louver:
that would have allowed any internal pressure to readily escape. All

three of the telephcnes were sent to MESA Approval and Certificationm Cent
in Pittshurgh, Pemnsylvania, for tests to determine whether the telephore
would ignite methane. The results of these tests are contained in Apperr
dix M-3 and demcnstrate that under certain conditions these phomes could
ignite an explosive methane-air mixture.

68



'mebatte.:y-pmareddelugesystanwasremvedfranthez.eftbelt
conveyor drive unit. See Appencix L, Figures 17 and 18. This deluge
system was non-permissible~type and was powered by two 6-volt recharceable
 batteries comnected in series. A 120-volt circuit originating in the
belt controller campartment had been used to trickle-charge the batteries
to maintain the batteries in a2 fully charged condition. The audible
alarm unit (bell) was missing from the cantrol box and could not be
located. medelugesystancmt:olbac,ﬂxesolemidvalve,mﬂﬂxem
6~volt batteries were sent to MESA Approval and Certification Center,
Pittsburgh, Pennsylvania, for testing to determine if circuits within or
extending from the control box would ignite an explosive methane-air
mixture. The results of these tests are contained in Appendix M=-2 and
demonstrate that under certain conditions the solenoid valve circuit and
sensor circuit could ignite an explosive methane-air mixture.

A 112.5-KVA belt power center supplied power for operaticn of the 2 Left
belt conveyor. This power center was substantially damaged by the explo—
sion. See Appendix L, Figure 19. One of the side covers of the belt
power center had been blovn off and another was partially blown off.
”tapanelthatheldthelmﬂvoltagemlded-casecmtbreakerhadbem
pushed in by the forces of the explosion. The low-voltage cable coupler
that had been plugged into the belt power center was cracked and the cable
coupler was not plugged into the receptacle on the belt power center at the
time of the investigatiocn.

The 75-horsepower belt conveyor drive unit and belt cantroller were non-
permissible~type. The 75-horsepower belt conveyor drive motor was an
induction motor with: no arcing components. Eowever, the belt controller
contained relays and contactors which produced incendive arcing each time
the belt conveyor was started or stopped. The belt conveyor drive unit
was reported by rescue teams to have been moved slightly toward the outbv
rib of the entrv by the first explosion. The belt conveyor drive unit
was fourd to have been moved against the outby rib after the second
explosion. See Appendix L, Figure 20. The controller box was turned
upside-down by explosion forces, but an intemal examination revealed no
ev:dencethatﬂaearcchmpmentshadxgn;tedanetane—mmmture
See Appendix L, Figure 21.

The 500-XKVA section pocwer center that supplied power for operation of .
all 2 Left electric face equipment vas substantially damaged in the explo-
sion. The input receptacle was tomn loose from the mounting bracket and
ane high-voltage phase conductor was grounded. See Appendix L, Fig. 22.
Three of the four covers ¢n one side of the power center haé been blown
off and the fourth was held bv the cne remaining rolt. The high-voltage
cable receptacle was oroken loose fraom the frame of the power center. Cne
of the doors on the low-voltage end of the power center had been blown ofZ
ard the other door was held by part of cne hinge.
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ﬂnoutputofﬂapaarcmtercmsistedofmthreephase. 480-volt
clrcuits protected by two 600-ampere, molded-case shunt-trip circuit f
: : i

The
wasmdgedwithanailinthe'in'pceiﬁm. A splice in the No. 2/0 trai)
j,pgcablewasmteffectiva‘!.ysealedtoemhﬁe and the insulatien
m’d:epcwer_cméucmswasvis:l.ble:m:. Was no evidence of
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the shuttle car motor was started, 140 millivolts were measured across
the resistor. This arount of electrical energy is not considered suffi-
cient to create an incerdive arc.

The standard drive shuttle car, Mational Mine Service Camany, Model Mo.
48-43, Approval No. 2F-1490A, Serial No. 702, was located inbv No. 3 cross-
cut in No. 3 entry. A 0.24-inch opening existed between the motor junc-
tion box and motor frame. Examination revealed that no arcing had
occurred in the motor housing. Mo cpenings were found in the other explo-
sion-proof campditiients. All explosion-proof campartments containing -
arcihg components were examined internally and no evidence of fire or
smocke wvas observed. The frame ground conductor was not continuous in the
trailing cable; however, the ground check conductor was comected as a
grounding conductor and provided a path for ground fault current.

Te off-standard drive shuttle car, National Mine Service Campany, Model

Yo. 48, Approval llo. 1490A, Serial Mo. 130, was at the Lee-Norse mining

machine in position to be loaded. No openings were found in explosion-

proof compartments. All explosion-proof compartments containing arcing

carponents were examined internally and no evidence of fire or smwke

was cbserved. The frame of the machine was effectively grounded through a
grounding conductor in the trailing cable.

A Galis roof-bolting machine, Model No. 320, Approval No. 2G~-2631A-1,
msfm:dnearﬂmefaceofbb.Zerrtryand—wasamarerrdyincpera‘dm

in the right crosscut at the time of the first explosion. See Appendix L,
Figure 24. The cancpy of the roof-bolting machine was positioned against
the roof and a drill steel was hanging from a hole in the roof. The drill
head was resting on_the mine floor directly under the drill steel. Unused
roof bolts were-scattered alqng the miné floor for a distance of 40 feet
cuthy the machine. No openings were found in explosicn-proof campartments.
All explosion-proof campartments containing arcing components were examined
internally and no evidence of fire or smoke was cbserved. The frame of the
mchinewaseffectivelygmmdedt‘zmghagromﬂjnqcmdmtorinthetrail-

A piece of roof rock averaging six inches in thickness an@ measuring four
feet by five feet had fallen on top of the roof-bolting machine. The rock,
weighing approximately 900 pounds, fell 21 inches vertically onto the
3-inch diameter pipe supports of the canopy of the roof-bolting machine.
The rock slid approximately 30 inches on the pipe supports, which were
inclined 30 degrees fram the horizontal, and came to rest on the steel
plate top of the roof-bolting machine. The top surface of the rock was
covered with soot from the second explosion. According to the rescue teams,
the rock had not fallen when they saw the machine 10 hours after the first
explosion. Thus, the rock fell after the first but before or at the tire
of the second explosion. '

Because it was suspected that the falling rock may have Created an incen-
dive fricticnal spark, samples of the rock were taken for petrographic,






the investigaticn, the charger was positicned wpright with the top cover
blown off. The charger was located appraximately 2 feet £ram the
cperatcr's position. The No. 10/4 conductar, type SO coxd, used to

and rectified the 480-volt, three-phase altermating current to direct
cuxrent for charging of the 64-volt batteries. Three of the four in-
sulated covers for the battery trays had apparently been blown away by
forces. The three covers were found and examined for evidence
of arcing. The fourth battery cover could not be located. Evidence of
electric arcing was present in cne battery cover. The intermal wiring
in the battery charger and the inmput and output circuits were inspected.
No evidence of arcing cr conditicns that may have created arcing was
found within the battery charger. The insulation cn two cutput cables
from the battery charger was damaged to the extent that the conductors
were visible; however, no evidence of arcing was present at those damaced
areas of the cables. Electrical measurements were made across the cutput
ofﬂ:edm:qermdbemeeneachmaﬂmﬁalgrmﬁngpoma,
and tests were conducted to detemmine current flow through the spilled
electrolyte from the batteries to the machine frame. The maximum power
measured between any point cn the batteries and the metal frame cf the
scoop was .075 amperes at 55 volts. Since this cwxrent flow was through
ﬁ:espiﬂdelectmlyte,thecixcuitvasmﬁeredtobep\mly:esisdve
M,Mm,mmmmmtmmmmmm
However, at the time of the explosicns, the conductance of the spilled

One of the batteries contained dead cells and no perceptible arc could
be ocbtained by short-circuiting the cutput of the battery. The cther
battery, however, contained considerable electrical emergy. A poWer
resistor was comected across the battery terminals and the cxrent
measured with a tong-type ampere meter. The caxrrent flowing through the
resistor was found to be in excess of 75 amperes. In an effort to dis-
cmrgethebattery,theczmrentwasallcmdtaflcwfa:apprmdmtely
30 minutes. The resistor became red hot and the current showed no signs
of diminishing. :

Inmdia&lyafte:ﬂmeamonSoutheastMaininbyZIeftwasreccvered
and reventilated, examinations were made of the two locomotives. See

Appendix L, Figure 26. The power conductors between the batteries and
controllers had been cut on both locomotives by recovery tesms. The

w&ylomﬁwmamwdlmdve,typesmm,
Serial No. 5480, designed as company locomotive No. 6. The locamotive
was a permissible-type locamotive, Approval No. 1532, criginally sold to
Industrial Collieries, August 29, 1942. However, the locamotive had not
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beanmaintaimdmpemssiblemﬁﬁ.cnintmtangmprsim-m
Guyan headlight, nonpermissible battery connecting plugs and a nen~
emlosim-pmeef&ey'cmtallerhadbemmstaued. SeeAppgndixL,

l-horsepcwer motor controlled by an cpen~type pressure—-activated switch.
See Appendix L, Figure 28. The air tank was made from 12-inch diameter
pipe, 48 inches in length. memsmwuwﬁt:it:hmﬂasole
means of controlling the compressor motor. No was provided to

trn the campresscr off during idle perieds.

md:bnkecmt:olleve:wasfmmdintheoffposiﬁm. The electric
controller was in the off positien. The reverse bar was in position to
cause the locomotive to mm in the inby direction.

cxpressor operating was 92 volts. The compressor cperated wntil a
pzessneofappzmdmtelympsig&wlopedatmichﬁmﬁ:ep:esm
swit:hseexedtobestud:andhaimbetzppednghﬂybefmitwmld
shut off, Aftemards,thecmmessorswimhogeramdmally. The
axp:esso:rmimdofffctmnﬁm:tesmtilthemmd:oppedto
108 psig; then the camresscr autcmatically restarted. The campresscy
opeﬁ@dfcr%secmdsmtilthepressminmasedtoappm:dmmly\
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135 psig. After the pressure had dropped to approximately 105 psig, an
audible noise was heard from the pressure switch; however, the motor did
not start. An accumlation of dust had caused poor brush contact in the
motor. The notor was tapped lightly and cammenced running and performed
normally thereafter. The camressor motor was allowed to again charge
the air reservoir to a pressure of 135 psig, when it autamatically shut
off. The brakes remained in the off position and the camressor remeined
off for 12 mimutes until the pressure dropped to approximately 108 psig,
when the camressor autcmatically restarted. The campressor again cperated
for405ecmﬁsmmlﬂ1epressmemcreasedt0130pszg,mmecmpressor
autamatically shut off.

An examination of the two fromt batteries on the Goodman locamotive
indicated that these batteries had been comnected in series and still
contained considerable electrical energy. These batteries were re-
comected, in series, and cormected to the line side of the campressor
pressure switch. The campressor started and the inby headlight lit.
The Goodman locamotive's original batteries operated the campressor until
it developed a pressure of 135 psig. The voltage on the two batteries
comected in series during this test was approximately 48 volts. The
camressor an the Goodman locamtive could be heard for a distance of
approximately 500 feet and around a corner. This was determined by a
member of the investigation team with normal hearing who walked away from
the locamotive into No. S entxy.

The Westinghouse locomotive, Model No. 934-P, Approval No. 1536, issued
November 1, 1946, was a permissible-type locamotive; however, ithadnot
been maintained in permissible condition. Nonpermissible battery plugs
had been installed and a cable packing gland was missing where a power
c2ble entered the bottam of the explosion-proof controller. The control
lever was fourd in the off position. The reverse bar was found in position
£o cause the locamotive to move in the inby direction. The light switch
was found in position to cause the outby headlight of the locawtive to
light. After checking the flame paths on the controller enclosure, which
proved to be in permissible candition, the cover of the contxroller
enclosure was removed. The inside of the controller appeared to be in
gocd condition without any soot or excessive dust. A temporary power
cable extending to the locamotive with freshly charged batteries was
comected to the -line side of the fuses for the light circuit and when
this was energized, the cutby headlight lit. The light switch functioned
properly. When in the off position, neither light lit but when in the
other position, only the inby light lit. Batteries on the Westinghouse
locamotive were in extremely poor condition. Eight batterv cells had
been bridged-out. The jumpers used to bridge these cells made extremely
poor electrical commection and probably arced when current was drawn
through them. Two jumpers were extending above the batteries far enough
to contact the locamotive battery lids and could have caused electric
arcing and sparking. Out of the eight battery lids that were used cn the
two locamotives, only six battery lids could be found. Since all battery
lids were of the same size, it could not be determined on which locamotive
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MARCH 9 EXPLOSION
Flame and Forces

AfcmlumtigatimcftheMarchSe:plosimvasmtmc‘epriartnthe
sea:ndexplosicn: me:efcre,tﬂaeexnentofﬂ:eﬂ_.ameandﬂzefogcesof
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and carpany perscnnel who.took part in the recovery operations of
March 9-10, 1976.

Flame: Evidence of heat or flame, in the form of coke, soot, partly
bumed paper, melted plastic brattice material, melted conveycr belt,
and charred cable insulation was cbserved in all of the 2 Scutheast
Main entries fram No. 1S5 cxosscut inby to the farthest point of advance
at No. 32 crosscut where the two battery locamotives were located,

a distance of approximately 1,600 feet; and in the 2 Ieft entxies off
2 Southeast Main for a distance of approaximately 150 feet. The most
outby evidence of heat or flame was a piece of melted conveyor belt in
the No. 4 entry of 2 Southeast Main at No. 15 cxosscut.

The three victims found in No. 2 entry in 2 Southeast Main near the
entrance to 2 left and the two victims found near the battery locamotives
located in No. 4 entxy in 2 Southeast Main between Nes. 31 and 32 cxoss-
cuts were burned severely. The remaining ten victims found near the
entrance of 2 left and in 2 Left Sectim were not burmed, nor showed any
evidence of heat or soot coatings from the explosion.

Cne year after the explosions, MESA's investigation teams found traces
of soot in 2 Southeast to No. 38 crosscut. Inby No. 36 crosscut the
surfaces gradumally became lighter in color. At Nos. 39 and 40 crosscuts
the surfaces had the normal appearance of a rock-dusted entxy. Thus,
it is known that flame &id not extend to the faces of 2 Southeast Main
in the first or in the seccnd explosion:

The recovery teams reported no evidence of fire from the first explosicn
in the areas examined. Bowever, this does not preclude the possibility
of a smoldering fire..

Forces: The forces of the March 9 explosion radiated from the No. 4
entry 2 Southeast Main near No. 31 cresscut where the two battery loco-
motives were located; traveled cutby in all five entries; traveled in all
four entries in 2 left Secticn for a distance of about 200 feet; and con~
tinued outby in all entries to the junction of 2 Southeast Main and
Northeast Main, where the forces diminished. Gusts of wind and dust clowd
were detected along the haulage roads in Southeast Main cutby the juncticn
of Northeast Main and at the entrance of 2 Left off Northeast Main., The
mine fan was wmaffected by the explosion and continued to cperate normally
and the fan pressure reccrding chart did not indicate any change in fan
pressure at the time the explosion occurred. See Apperdix I for pressure
chart. All of the concrete block stoppings in 2 Scutheast Main and in

2 left (approximately 70) were destroyed and, generally, the displacement
was from the intake aircourses toward the retixms. Two partially con-
structed overcasts at the mouth of 2 Ieft off 2 Scutheast Main were
destroyed ard three of the four overcasts in the Right Panel Northeast
Main at the entrance of 2 Southeast Main were damaged by the forces. Thes
damaged overcasts were the most outby evidence of destruction from the
forces of the explosion. John Hackworth, belthead attendant, located at



the 2 Southeast Main belthead in No. 3 entry, Left Panel Northeast M,
was knocked down and rolled a shert distance by the air movement. The

2 Southeast Main belt conveyor, approximately 2,600 feet in length, was
partially damaged at same locaticns; a perticn of the belt at the inter-
section of 2 left was rolled wp in an cutby directicn. The 2 Iaft belt-
head was moved outhby a shart distance and the 2 Left belt inby the belt-
head wes damaged for a distance of approximately 150 feet.

A mine mep showing the areas affectad by the explosicn, the extent of
_flame and forces, location of equipment, and location of the bodies is
in Appendix D.

MARCH 1l EXPIOSION -
Flame

The March 11 explosion was significantly more violent and extensive than
the March 9 explosion. Details of the forces and the extent of flame
are shown cn the mep in Appendix E. Soot was found throughout 2 left
ard 2 Scutheast Main except for appreximately 200 feet near the faces of
the latter entries. In the Right Panel Northeast Main, scot extended
about 800 feet outby and about 3,000 feet inby the junction of 2 South-
east Main. The scot deposits in the left Panel Northeast Main were
appreciably less than those in the Right Panel, except in the areas
adjacent to the cross entries inby 2 Southeast Main. Generally, socow
was present as a thin, black layer en all mine surfaces; rarely were soc
stringers longer than 1/4 inch found.

mn:iagﬁnalm:yofﬁuenﬁ.ne._thedatemﬂdms "3-12-76 BP" were
found written in chalk on the locamotive at No. 181 crosscut and en a
concrete block at No. 184 crosscut, Left Panel Northeast Main., These Gz
m:ldngsandsanefcot;dmscnthefloc:mecleaﬂyvisiblewmnthe
mine was recovered one year later. These footprints and markings would

havebeencoveredwithalaye:ofsoothadathi:de@msimmed
in the area,

Cdedepcm’.tsmﬁaemfmvisibleﬁrctgmutZIeftSectian:they
were more abundant in the face areas. Except areas inby No. 34 crosscut
coke deposits were found in all entries of 2 Southeast Main. The coke
depositswe:eheaviestatthemuthofzsaxtbeastmina:ﬂinbyintbe
Right Panel Northeast Main to No. 200 crosscut. The coking extended to
No. 210 crosscut in this Panel. In and around No. 187 cxrosscut, coke

deposits 1/2-inch thick were found cn roof-bolt header blocks. In the

Left Panel Nartheast Main, ccke was found frem No. 186 cxusscut inby to
No. 193 crosscut, particularly in the Nos. 4 and 5 entries.

The coke deposits were formed during the second explosien. They were
locsely attached; had they been farmed during the first.explosion, t*
would have been swept avay by the air movement of the second
'mereccve:yteansfcrﬁ:eﬂrstexploﬁmrepcmedamascutbym.



crosscut in 2 Scutheast Main to be free of soot or coke. Mine dust
samples were collected far analyses of incambustible and ccke. Data on
the ccke in dust samples are in Apperdix H. Chemical analysis for ccke
is more sensitive to traces of ccke than visual cbservaticn. Coking
was fard by chemical analysis beyond the areas where coke was cbserved.
In the areas beyond visible detection, it was believed the coke was
transparted by the air movements during and after the explosion.

The extent of flame is determined primarily from-evidence of visible .
ceking, The total linear extent of flame was 600 feet in 2 left, 3,400
fmmzmtm.30005eetin&nxighhramlandahmtzzco
feetintbeleft?anel.mrtheastuain,andmcdngcmssm
Evidence of flame or heat was found at inmmerable places where plastic
h:atﬁ.cewasmlteduﬂhn:ned.papermdmrredorhadhrnteﬂges
-ard cable insulation was melted. No evidence of burnt wood was famd
in the whole area traversed by flame. Unhmedpaperf:an:c:kdust
bags was faurd on the floor or in same instances caught on

at the rocof. Evidence of residual buming, after passage of flame, was
found in No. 190 crosscut adjacent to No. 5 entxry in the Left Panel
Northeast Main, Here, the tcps of about 50 rock dust bags which were
exposedinanﬁms:pplymrmreheavilysaxched,mmmcmplete-
ly. A paper bag cn the Galis roof bolting machine in No. 2 entry of 2
Left also showed signs of burning.

Forces

The primary forces of the second explosion, as shown in Appendix E,

were directed cut of 2 Ieft Secticn into 2 Sautheast Main, thence both
inby and cuthy in-the Right Panel of Nertheast Main., In this Panel,
mincr forces developed toward the cutby direction and toward the lLeft
Panel, but the mjor forces went inby in Northeast Main Right Panel.

The farthest evidence of effects of the explosin was damage to overcasts

in the Southeast Main, 2,800 feet outby the mouth of 2 Southeast Main;
damage to an overcast in 2 East, 8,500 feet from this intersection;
and damage to regulator doors, 4,000 feet inby 2 Scutheast Main. The

mine fan was not affected by the explosicn and a barely perceptible
cl’angempressw:ewasshamonthefanchm See Appendix I.

No. 1 entxy 2 left, the dust collector of the Galis roof drill was tocxrn
lcose, partiallycmshedandblamabwt S0 feet cutby the rocof-bolting
machine

In 2 Southeast Main, ﬁecmveycrbeltwasblwnoff&xemlle;smﬁnre



for its entire length. See Appendix L, Figure 6. The portion inby
ZIeftwasrolledupandabmztSOrouerswereinajmbledmassat
No. 30 crosscut. See Appendix L, Figure 7. A similar jumbled mass of
conveyor belt and rollers was located at Mo. 20 crosscut, which is cutby
the intersection with 2 Left. See Appendix L, Figure 8. The outby
locamotive near No. 31=:osscutwasnnvedabo\:h20feettmatdtheface,
to within 8 inches of the inby locamotive. See Appendix K, Figures 2 and
3. 'meoutbyendofthemtbylomtivemsplasteredwithabw:so
Poxds of coal dust and lump coal. Piles of debris (timber, brattice,
coal)mfcuﬁinms.4and5eutries.zswtbeastmin.agamst
theribac@ositetbeZIeftSecﬁmatNos.ZZandZBcrosscuts. outby
left +» POSts were blown down in 2 Southeast Main and a
SbyG-imhbyls-fcotc:ossbarinNo.2a1tyatNo.7<::osscut,held

v . explo-
sion partially crushed each of the 1/8=inch thick steel dust collecticn
boxesmthetwoGalisrcof-bolﬂngmdﬁnes. The bax on the machine
inNo.th:ywascmshed-toagreate:m:tmtthanﬂ:ebcxfrmﬂze
machineinbb.lentry,ZIeftSectim;thelattexboxvastomoffand

explo~
simpresm!mdtomeed%psig. From the change in original volume
ofthecrushedbox.calculatimwasmdeofthepr&smimposedmthe
box. Themessar_rpressuretocushitwascalmlatedmbe,abautso
psig. mepressurerequiredtcmpmreamcretehlockstoppmgoftf
typeusedintheScotiamneisabou:3psig: this estimate is based on
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the data reported in Bureau of Mines RI 6710 where burst pressures were
determined for similar, but not duplicate construction. - See Appendix
M=-10 for test results.

The pressure required to rupture an overcast of the type of comstruction
used in the Scotia Mine was calculated to be about 0.2 psig when pressure
was applied from the underside. These data on explosion pressures indi-
cate an extensive methane-air mixture, near the optimm explosive concen~
tration, existed in the 2 Left Section. The relatively high explosion
pressure in 2 Scutheast Main at the intersection with 2 left decreased as
the explosion spread toward Northeast Main, The explosicn pressure at
thempamlofmstminmhavemmmoprsig,m
as the pressure at the Left Panel must have been about 3 psig or lower.
The flame velocity associated with a mine explosion pressure of 3 psig is
aboutBOOfeetpersecmd,whe:easthatassociatedwithSOpsigm.dbe
sonic or higher, These velocities are consistent with the observed physical
damage caused at the respective locations of the two velocities.

Smoking

A careful search was made around the locamotives and in other likely areas
"in 2 Southeast Main and in 2 Ieft Section for evidence of smoking. The
floor material was collected and screened and cnly a spent match was
found in No. 4 entry 2 lLeft Sectiom. :

Probable Points of Origin

MESA investigators conclude that the explosicn of March 9, 1976, criginated
between the Nos. 31 and 32 crosscuts, No. 4 entry 2 Southeast Main where
the Nos. 6 and 8 Goodman and Westinghouse battery-powered loccmotives
were located. The explosion of March 11, 1976, criginated in cor near the
entrance to the 2 Left Section off 2 Southeast Main.

Potential Ignition Sources

MESA investigators conclude that the No. 6 or No. 8 battery-powered loco~
mtiveprcvidedﬁ:eigrxitims&xcefctﬂgexplosimofmrchs, 1976.

A thorough examination of the explosicn area in 2 Left Section did not
reveal an cbviocus ignition source for the second explosion. The following
are considered possible sources of ignition: '

The rock fall on the roof-bolting machine near the face of No. 2
entry 2 left Section.

The battery-powered deluge system at the belt drive in No. 22
crosscut, No. 3 entry, 2 Southeast Main. ~

The pager telephone in Mo. 4 cxosscut, No. 1 entry, 2 left Secticn.

The pager telephone in No. 22 cxosscut, Mo. 3 entry, 2 Southeast Main.

The Elkhorn AR4 Scoop batteries in No. 3 cxuvsscut, No. 4 entry
2 left Section.

A swldering fire near the mouth of 2 left Secticn.
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.=sstatedinthebodyoftherepcrtneitherthebattery-operat.:edair

Ly the debris in the 2 Left Section and adjoining portions of 2 South-
east Main, probably resulted from a well-mixed methane-air atmosphere,
mmmmmmummmmmzw

Cmsideﬁ.ngtheeffectoflocationofigniﬁ.mmm&velmrtof
highstuticpmsmaﬂhighdymﬂ.cforcesandctberphysimevﬁeme,
ﬂaemstlﬂcelyigniﬁngsmofthesecmda:plosimwasaninwﬁive

‘mecpﬂnmaag]eofinpactiswtosomzthemd:,lfitfell
mﬂully,s&ud:atanmglaof%deg:ea. The cptimm methane con-
centratien for igniticn is about 7 percent; it is estimatzd that the
mthaneccnceni:atiminZleftSectimwas7percentorhigimatthe
time of the second explosion. Igniticns of methane have been cbtained in
laberatorytestswiﬂxaslittleasSOfoot-paxﬁsofene:gy;thefam::g
rock developed about 3,000 foot-pounds, High quartz content of the rock,
depaﬁixugmthepuﬁmamlyzed.rmedfxmzstosspemeut. Labora-
toryigniticnshavebeencbta.imdwithaslittleasmpermtqmrtz.
'ﬁ:egzainsizaoftherockrangedfrunZtoOﬂzmm,c:smhat
smaller than the grains in sandstcomes. The angularity the grains of
the rock was conducive to ignitien. The rock was shale and could be
mtslnvlywithamm,indicaﬁ::garodctypesbfmrthansandsm.
mepipesmfacecfthe:cof-bolﬁngmchinewaswwhenedfrmuse,
partly painted and partly rusted. These conditicns are conducive to
;gté:. The mine atmosphere was humid which enhances the chance of

Altl'mght!mfewe:@eximtaldmptasiswe:enegaﬁve, conditions necessa:
fcrignitimbythemdcfallcnthemof—bolﬁmmchinge:d.stednear
the face of No. 2 entry 2 Left Secticn. See Appendix M~4 for report df
m.

82



the Scotia mine by air movement, vibration or direct impact on the wires
by a fragment of rock or coal falling frem the roof or rib. The deluge
system circuit wiring was exposed to the flame of the first explosion and
to abrasion by the dispersed dust and debris. These effects could readily
have destroyed the insulation on the wires. Nearly all the wiring was

flammable mixture to extend to the floor. A careful search of likely areas
forﬁ:ewasmadeduringtheinvstigatimaxﬂmﬁxeresidue’was fourd.



'nuisisnotcmlusivease\ddaweofﬂ:efiremldhavebemdes&oyedz
bytheswcndexplosionorccmedbythedeeplayerofﬂ:ecoalaccumla-
tion on the floor. 'meflamefranthefirstexplosionenteredmlylso

i If a fire had existed in this area, a weak
ratherthanasi:mge:u_:losionm:ldhavedevelcped.

During the investigation sevaraltestsmeccxﬂuctedmnﬂaee;uiprmt,
ventilation, mlaofzamrodc,mimpmsysm.andﬁﬂividual
parts of mine equipment. Folladngisaresmeofthe-specialtestsp

:er
a
;
§

specified in the report in Appendix M-3, these phones could lguite an
explosive methane-air mixture.

%ﬁgmf_medelugesystmlmtedatthesztbeltdriveat
mwsect:mofzzeftarﬂzwrﬂmstnajnmmtedatm%
Approval and Certification Center. The tests demonstrated that under
certain conditions, as specified in the report in Appendix M-2, the sole-
noid circuit could ignite an explosive methane-air mixture.

Conoressor Motor and Control Switch: The cawpressor motor and control
Switch from the Goodman locomotive were tested at MESA's Arproval and
Certification Center. The tests demmstrated that the control switch
oould ignite an explosive -air mixture during nommal cperation.
See Appendix M=5 for test results._

Power Svstem: Tests were conducted at the mine on the high-voltage
qrsmwmdxsuppliedpwertotlnsectimequimtatZIeftoffz
Southeast Main. mepuposeoftmtestswastodete:minewhythesurfgce

Dust Collection Box: The dust’'collection box to the roof-bolting machine
jniLeftSectioanfzsoutheastMainwastestedintheI:ﬁustﬁal
Safety Branch laboratory, Technical Support Center, Pittshurgh, Pennsyl-
vania. Thebm:wassubjecttoacplosimsinasteelgallexy. Results of
the tests are in Apcendix M-10.
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the Intericr, for their chemical and physical properties. The results
were used in assessing the possibility of ignition of methane by incen-
dive frictional spark from a roof fall. [ata from the examinations
made by the U. S. Geological Swrvey are in Appendix M-1l.

mwmmfm%mm Drop tests of the rock which fell onto
cancpy -balting machine located near the face of
No. 2 entry, 2 left Secticn, were made by MESA'S Technical Suppart Center
in Pittshurgh, Permsylvania. 'merodcandthesalisreof-bolﬁ.ng
machine were placed in a chamber in which the methane concentration
could be centrolled. The rock was suspended above the machine and

in a manner similating as closely as possible the conditions that existed
in 2 Left Section. A repcrt on these tests is in Appendix M-4.

Ventilation - 2 Southeast Main: Tests to simulate the ventilation that
existed in 2 southeast Main cn March 9, 1976, were comducted to determine
air flows, rates of methane liberaticm, the effect of short-circuiting
the air through No. 23 crosscut, and the effect of checks in Nos. 4 and §
 intake entries in 2 Southeast Main inby 2 left Sectin. A report of the
ventilation stidies is in Appendix M-1.
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PART VIII
FINDINGS : SUMMARY CF EVIDENCE

'ﬂ:efindingsinthis?arta:eda:ivedf:mthefollwimsmm:
mmammﬂamwmm&mmmm
cperaticns and the investigation following the explosions; information
obtainedfrmtheminemwetemandcthm:persomtald.ngpa:tinthe
recovery cperaticns and the investigaticn; information chtained from
mmummmmwm,m&
Mines and U. S. Geological Survey; mine records and previcus Federal

- coal mine inspection reports; information received from campany officials
andxniminﬂ:efamcfsmstatmhsatofﬁdalheadngs;m
swmstatemntsofcmpanyofﬂcialsandmimsobtaimdhyattmeys
of the Saliciter's Office of the Department of the Interiar. After
analysis of all available evidence, MESA investigators have summarized
their findings below.

1. 2Analysis of a coal sample taken from the Imboden seam in the
Scotia Mine shows the volatile ratio to be 0.395, indicating that the
coal dust is explosive.

2. Sevmlminer_shad:eceivedlitﬂea:mminkg, particularly
intheusecfself-mdevica,nmhadtheypar&cipatedinapmgm
ofinstmc:im:ehtivetoﬁ:eﬁghﬁ.ngandmﬁonplans.

3. An agent of the operator recorded that a fire drill had been
made when in fact it had not been made.

4. Many persons who were making required tests for methane had not
beeni:z.i.nedin?:be use_o#nettmne—detecting equirment.

5. Qﬂ.yme'firebossme:playedandhecmldnctmketbem-
shifte:minaticnofﬁueenﬁrenﬂ::einthemﬁ:gdpericdoftﬁm.

6. The recard of the preshift examination for March 9, 1976, signed
by the fire boss, Charles Fields, showed that he made the examination
of the entire mine, including 2 Southeast Main. However, Arvil Cormett,
third shift Mine Foreman, made the examination in 2 Left Secticn off
ZSoutheastMainmtdidnotam.neZ'Soud:eastMaininbyzleft. The
gx;shiftaminerrmded,ashise:mimtim.anamﬂmﬁmtbathe

ot make.

7. J. B. Feltner, Underground Construction Foreman, instructed the
operatcrs of the Nos. 6 and 8 battery-powered locamotives to transpert
a load of rails into 2 Southeast Main inby 2 ILeft. The area had not
been preshifted on the morning of March 9, 1976, nor was it examined
pricr to taking the locamotives inby 2 Left Secticm.

8. During the investigatien following recovery cperations, sufficient
datemksmdinitialsmuldmthefmmdtoirﬁiutethat’ﬁ:ereqd:ed

examinaticns had been made in 2 Southeast Main irby 2 Ieft Secticn and in
left Panel Northeast Main,
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9. Federal inspection reparts of 1975 show that the total methane
liberation of the mine was 568,000 cubic feet in a 24-hour pericd. 2n
air sample collected during the last Federal inspection, campleted an
February 27, 1976, showed that the 2 Southeast Main area was liberating
69,000 cubic feet of methane in a 24~hour pericd. Methane had been
detected in Scutheast Main and in 3 Scutheast Main.

11. Mﬁgrmmopuaﬁmfoumm&emr&Se@bsim,m
rescmteamsdetectedamthmem&atiminmofSpercemat
No. 27 crosscut 2 Southeast Main, and as muxch as 3 percent in 2 Ieft
Sectim.

12, Forty-seven days after the second explosion, the methane cencen-

traticn had increased to 36.5 percent in the explosion area at No. 1
barehole.

13. The approved Ventilation System and Methane and Dust Contrcl Plan
far the mine was last reviewed by the MESA District Manager on June 25,
1975. Management sutmitted a plan for the 6-month review during Jamuary,
1976. The plan did not satisfy the criteria for approval and was returned.
A revised plan was submitted March 1, 1976. This plan contained mincr
discrepancies and was being discussed with mine management on March 9,
197s. ’

14. The approved system for face ventilation for contimucus mining
sections was an exhaust system. » it was a practice to repesition
the line brattice to a blowing system during the mining of ccal. The
line prattice was returned to an exhaust system at the end of the shift
and pricr to miners leaving the section.

15. A 13.5~foot diameter shaft was pui:'.ntose.rv:i.ceinNortheast
Main July 21, 1975. A revised ventilation plan for the mine was not
submitted to the District Manager at that time.

16. All ventilation controls necessary to adequately control the
ventilation at the bottam of the 13.5-foot diameter shaft were not installed
'merefcre,theai:intakingttrwghtheshaftcmldmtbeeffecﬁvely
directed to the warking secticns. Same of these controls were crucial
totheinabilityofrecoverypersmnelafbertheﬁxstexplosimto
ventilate 2 Southeast Main inby the last fresh air base at No. 22 cross-
cut. ‘!heccupanydidnotatanytiminfcmrecoverypersmnelabcut
these missing controls.

17. The ventilation system as shown on the plan submitted for review

March 1, 1976, did not reflect the ventilation as practiced in the mine.
Several critical ventilation controls shown on the map submitted with
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the plan had not been installed cr had been removed. In same cases the
direction of the air currents shown on the map were different fram those

cbserved during the investigation.

18, Permanent stoppings between the intake and return aircourses in
the No. 247 crosscut, Nartheast Main Left Panel Section, had been removed
and ventilation was shart-circuited nine crosscuts cutby the faces of
the sectim.

19. Stoppings were not installed in conmecting entries between
intake and retion entries near the Nos. 239 and 240 crosscuts, left
Panel Northeast Main and the intake air current was shm:t-c:.rcuiteda:u:y
the active working section in Right Panel Nertheast Main.

20. Plastic checks instead of permanent stoppings were installed in
the Nos. 1, 2 and 3 return aircourses, Right Panel Northeast Main, to
sepantetheuo.lintakeem:y38mtheast&infmtheremd:-
courses.

2l. The mining equipment was moved cut of the 2 Southeast Main entries
in early February, 1976, and was used to activate the 2 Ieft Section. The

ocourred and permament ventilation controls (overcasts or air-lock docrs)
thatwuﬂdp:ovidepodﬁvevendlaﬁminZS&theastMaininbyzzeft
were not installed. Overcasts were under construction when the explosion
occurred.

22. One of the two concrete-block stoppings that were removed at
No. nmm,zmtwinwpemﬂ.tmssmmZIeftSecum

mbyzreftbythepcarlyerecudandmsingplasnccurm.nmcm—
pounded by the installation of plastic checks across Nos. 4 and 5 intake
a;:cazrsesofzsmtheastmininbysztSecdm. These conditions and
practices permitted methane that was being liberated from the ribs, faces
and fractixres in the mine floor to accumlate.

23. n the afterncon shift of March 8, 1976, plastic checks were
installed across Nos. 4 and 5 intake entries of 2 Southeast Main, which
totally restricted the ventilating anrent which would have ventilated
2 Southeast Main inby 2 Left Section. .

24. At the time that J. P. Feltner was in 2 left Section off 2 Sauth-
east Main on the morning of March 9, 1976, there was no check axrtain
acxess the 2 Left track entry near the mouth of the section, and he did
not examine any area in 2 Scutheast Main inby 2 lLeft Section.

25. 'mequanutyandveloc:.tycfthemﬁlaﬁ.ngctmrentsmzsm-
east Main inby 2 Ieft Section were not sufficient to dilute, render harm-
less and carry away the methane being liberated. An explosive methane-
air mixture accumlated in this area.
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26. Fede.ralealMinemspecmr&cilmvismdeaﬂealthandSafe@’;
TechaicallnspecﬁmofzzeftSectimoffzsouﬂ:eastNainontheafter-
noon shift of March 8, 1976, and found that only 8,092 cubic feet of
aixamim:tewasreaddngthelastcpmcmsscuta:ﬁt}atthenne
ba:atdceinNo.Sent:yvasZSfeet&mthefacewlmeaamtﬁmous
uﬁningmchmewascperatjng. Davis rode into the 2 left Section
inacoveredvehicleanddidmtmticeme&maphsuccurminwas
ins‘auedamssthetracknea.rthemuthcfttasecﬁm. Ee did not

. 28.Du:in;acoal-p:oduc:i.ngshifh Ja:;saentleyaijusteda:egulatcr
in 2 Left Off Northeast Main cn March 9, 1976, shortly before the explosion,

29. Slnrtlybdcretheexplosimmmmm 1976, Virgil Ceots,
Sectimrcrmnm2left8ectimoff28mﬂxeastmin, said to James
Bentley, on the telephone, "I just lost my air."

30. ﬁemmdaimim&zmloﬁofnﬂsmivedatﬂ&,
dsﬁnaﬁmat,ﬂaaﬂofthemckmzmﬂmstmmmutthetim
the explosion ccourred.

31. Amethmea:plosimocczmedinthevicinityofm. 31l xxosscut,

1976, resulﬁnginthedeathofalllSnenwoﬂdngmtheZSmﬂueast
m.mam mismsprinuilyamthmeemosimarﬁcoaldustmtered

wﬁmammlymmmrb.smzmﬁ,mm
i:ﬁicatedthattteynayhavemmﬂmjxself-resmersforapeﬁodof
time, !heotharfm:rvictimsfcmﬁm:tsidemebanicade,had/apparmtly
not used their self-rescuers. '

33, mnemcuetamsestablishedthefirstfreshairbaseatt‘:e
routh of 2 Scutheast “ain at approximately 6:00 p.m. on March 9. The



17,000 cubic feet of air a mimute available at the mouth at the be-
ginning of the recovery coperation was expended by the time the rescue
teams established the last fresh air base at Mo. 22 crosscut at approxi-
mately 1:00 a.m., March 10. Only a perceptihle movement of air vwas
measured and this was insufficient to contimue recovery efforts.

HA. 'memi:wreemetemsfaaﬂﬂ:eﬁ:stbodyatm:mp.m.,mms,
and the last two bodies at 1:20 a.m., March 10. All 15 bodies were
mwmmmmmmmmﬂmmmuma.m..
March 10, 1976.

35. After the 15 bodies were recovered by the rescue teams on March 10,
rescue cperations temporarily ceased due to the lack of sufficient venti-
laticn, The Mos. 1, 2, 3, 4 and 5 entries inby No. 32 crosscut in 2 Scuth-
-east Main were not explored by the mine rescue teams.

36. mmwmmmg&mzﬁmmm—
cluded checking and repairing stoppings the intake and return
aircourses from the portal to the mouth of 2 Southeast Main and ad:
requlators in all secticms of the mine. These repairs and adjustments
did not increase the amount of air in 2 Southeast Main. 2dditional plans
were developed to increase the amount of air by installing concrete
block stoppings in 2 Southeast Main from the mouth to No. 22 crosscut.

37. On the afterncon shift of March 10, the mine rescue tesms detectad
lcose, k:adequatelyamtedrmfcverﬂnmdchmlagemadneuthe
mouth of 2 Scutheast Main, MESA and campany officials who examined the

38. Daringthep:ukﬁftemminatimoftheminlinehmﬂagemadcn
the afternoon of March 10, Richard Combs, General Mine Foreman, mentioned
to B. A. Taylor, Federal Coal Mine Inspecticn Supervisor, that cne of the
battery-powered locamotives in the explosion area in 2 Southeast Main
wasequippedwiﬁaanairampressorthatoperateﬂthemmﬁcbrddm
system. Between 7:00 and 8:00 p.m., March 11, Taylor menticned to Bill
Clemons, MESA Assistant District Manager, District 6, that cne of the
battwmedlocamvesinthea@losimueamsequimedwithan
air campresscr. Several other persons, including company officials and
amhyesmﬁm:eptsmtatives,lmewofthepmmofﬂ:eair
crpressar cn the battery-powered locomotive.

39. AboutZ:OOp.m.,bhrdzn,aca@anyrepaiman,accamiedbya
Federal Coal Mine Inspectcr (Electrical), entered the mine and energized
the mine power circuit, except hranch lines, from 1 West to Northeast
Main. 2 work crew, accampanied Ly MESA Inspectors, moved a roof-bolting

'e&mmrd:eastbhjntothemmofzmﬂ:eas;minforthe
pxposeofrcof-boltingtheloosemofﬂxatmsobse:vedbyﬂaemiqe
rescue teams.
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adraimgepunpwhmthesecaﬁexplosimoccmedabmtll:SOP.m.,

4. Afterseveraln\eetmgsbytheparticipatimgmlps,aconsensus
decisicn was made on March 13, 1976, to seal the mine. By March 19, 1976,
allcpaﬁngstothenﬁnehadbeensealed.

92



45. During the periocd of time the mine was sealed, the company
cbtained mine rescue equipment for and trained three mine rescue teams,
with the assistance of the Kentucky Department of Mines and Minerals
and MESA.

46. Between April 19 and June 8, 1976, three bereholes were drilled

sampling
of the underground atmosphere at these locations and at the bottocm of the
air shaft., sSafplés were analyzed cn-site.

47. The recovery plan subtmitted by Scotia Coal Campany whichproposed
incremental reentry using controlled ventilation (airlock’ueﬂnd).
starting at the mine portal, was approved on July 13, 1976.

48. The seals acruss the main portal openings were hroken on July 14,
1976. The mine was recovered by the air-lock method and 25 sets of
seals were constructed to recover the mine to the junction of 2 Scutheast.
Main and left Panel Northeast Main,

49. On November 19, 1976, the bodies of the 1l victims of the March 11
explosion were recovered and hrought to the surface of the mine.

50. On December 8, 1976, in accordance with an approved plan, the pro-
cesg of reventilating all areas of the mine except 2 Southeast Main was
bequn. Seals on the surface and underground were removed systamatically
and the necessary ventilation controls were built. By December 21, all
areas of the mine except 2 Southeast Main were ventilated and cleared
of methane,

51. Ventilaticn controls were constructed across the 2 Left entries
off Northeast Main to control the shaft intake air entering the gob area.
With these controls, about 65,000 cubic feet of air a mimrte was provided
at the mouth of 2 Southeast Main,

52. Cn Monday, Pebruary 14, 1977, the recovery of 2 Southeast Main
and the 2 Left Section was started, using the air-lock method. By March 9,
1977, the area had been recovered and examined. T

53. The 1-1/2 Right Section off 2 East was examined Arril 14, 1977.
This completed the recovery of all accessible areas of the mine.

54. Ventilation tests similating conditions prior to the March 9 explo~-
sion were conducted in 2 Southeast Main from May 17 through 23, 1977, to
determine air flows, rates of methane liberation, the effect of the short-
circuiting of the air through No. 23 crosscut, and the effect of checks
in Nos. 4 and 5 intake entries in 2 Southeast Main inby 2 Ieft Section.
These tests showed that when the air was short-circuited at No. 23 cross-
cxt, the amount of air entering 2 Southeast Main was not sufficient to
prevent methane accumilations and when checks were installed across Nos. 4
and 5 intake entries inby 2 left, methane accumlated more rapidly. See
Appendix M=1 for test results. v
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5S. Analysis of the 54 dust samples cllected by MESA Inspectors
in 2 Southeast Main fram May 22, 1975, to Jamary 27, 197s, stnwed

56. The incarbustible contents of 135 of 239 dust samples collected in
areas not affected by the explosions in South Main, Scutheast Main and
mmwmmmmm. See dust

57. Ml-&pthsaxplesofnﬂmdustmllectedbytbeimesﬁgatim :
mmzmmmmzmtmwmth
acamzlationsoflcosecoaland‘coaldustfrmmmeightmchesm
depth, partly due to rib sloughing.

S58. No evidence of residml fires following the explosion of March 9
was cbserved by the mine rescue teams.

S9. Except in face areas, alla:easof&enﬁme:anﬁmdbyt&xeinvaﬁ;
gaticn teams had been rock-dusted.

60. At the time of the March 9 explosicn, the 7,200~volt circuit, two
power centers, a belt conveyor drive wit with associated electric equj
mt,acmﬁnmﬁnﬁgmchine.ﬁnsmmems,amcf-holﬁm .
machine, a belt feeder, two battery-powered telephcnes and telephone 1iv.c,
MSMnltswopmmced‘toanmgizeddu:ger,aﬁ:e-
sensor circuit, a battery-povered deluge system, two ba
locomotives, and a distribution box were energized and located in the
explosion area.

62. The rescue teams that recovered the bodies near No. 31 cxosscut
zm&mstminafm&eﬁxste:plosimrepuruedthatthea:plosim
farcesappearedtbo:igimta,atﬁaelocmotivesandexte:ﬂedcuuardﬁm
the locamotives in all directions. The loccmotives and the area arownd
the loccmotives were "black, scoty-like".

63. memm&mfum&emmmsﬁmebmﬁm
separated by a distance of approximately 20 feet. A locanotive battery.
cover was found ocutby the Goodman loccmotive. Appendix K, Fiqure 2
m&mmfmummuabymmmmmmmcﬁ
batta:yccver,tbebodies,andﬂxerailtnnkinrelaﬁcntotbem
locamotives.
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64. The first explosion criginated in 2 Southeast Main inby 2 left
Section. The only known sources of electrical energy sufficient to
create incendive arcing in this area were the Goodman and Westinghouse
locomotives located between Nos. 31 and 32 crosscuts.

65. The 7,200~volt altemating current circuit was discemnected at
the "Y"-box at the mouth of 2 Southeast Main and dust caps were cn the
comnecting plug and its mating receptacle at the time of the March 11,
1976, explosion. Therefore, all altermating current-powered equipment
atdd:cuitsinthea:plosimareamedeamgizdbefcrethew
explosion occurred.

66. mete.le;*melmemsdiscomectedatthemrthofzscutheast
Main and the fire-semsor circuit was deenergized on the surface before the
occurrence of the March 1l explosian.

67. One of the two conductors of the 2 Southeast Main belt conveyor
ctrol cable had been intenticnally discomnected and short-circuited
approximately 3 feet f£ram the control box at the mouth of 2 Scutheast
Main before the occurrence of the March 9 explosion. Therefore,
inadvertent energizaticn of the 2 Southeast Main belt comveyor power
cj:cuitbyﬂnm:epaimmchmmgtheablecmplersatthepowe:
center shortly before the second explosion could not have energized the
belt conveyor control circuit in the explosion area.

68. The only known sources of electrical energy in the explosicn area
at the time of the March 1l explosion were the three Mine Safety Appliances
battery-powered telephones, the two Elkhorn AR4 scoop batteries, the
Goodman and the Westinghouse loccmotives, and the battery-equipped deluge
system. Each of these sources, under certain conditions, contained
sufficient electrical energy to create an incendive arc or spark capable
of igniting an explosive methane-air mixture.

69. The camressor cn the Goodman locamotive was not operating and
the headlights were not lit on either locamotive during rescue operations
after the March 9 explosion.

70. The headlight circuit and campressor motor circuit on the Goodman
locamotive received power through a cammon fuse. Therefore, the head-

light would be lit at all times that electric power was available for

operaticn of the campressor, regardless of whether the campresscr was

ocperating. See wiring diagram, Appendix K, Figure l.

71. If the headlight had been lit or the camressor on the Goodman
locamtive had been operating, the batteries would have been campletely
discharged by the time of the investigation. The amount of electrical
energy remaining in the locamctive batteries at the time of the investi-
gatm;sp:cofthatthehahtsd;dmthghtandthecmpressordndmt
operate at any time after the explosion of March 9.
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73. Atthetmeoftheimestigatim,thelocawdveswereeinches
apartarﬂseparatedbyapieceofcmveyo:belt.axﬂt}nlocuwtive
hattary__cqyersweremsideardinbyﬂalomtives. See Appendix K,
Figures 2 and 3, .

74. 'n'xewtbyheadlighthﬂbmtheGoodnnnlocmtivewasbrdmam
‘theheadligrblnus:mgwasfilledvdthcoalanddebu:is. The bumper and
aﬂofthecoc&zmlomtivemsalsofmeduﬂcamedwiﬂacoaland
debris. See Appendix L, Figure 29.

7s. ‘meEIJd'nmAMmopbatterieslocatedml\b.Bmssmtinthe
&ad:mtyonIeftSectimoﬁZ&uﬂmst&inmdismmtedfm
ﬁammmmﬁahmdmbefmmbﬁrchSe@bsm

76. mescoopbattad.escmtai:zedsufﬁcimwgytomtei:muﬁive
arcing. 'ma:evasmemdiﬂmoforinthemtmgcabla,theintema
wiringinthecha:ger,orﬂ:ebatte:ycellmectimsthatcouldbm

adstedfcrﬂulengthofﬂmebemﬂaeecplosimsmdﬂmc:eated .

77. mect:ialmmtimsbetweencensofﬂ:ebatteriesmthek‘estng
muselocmuﬁ.vewecemtnachanicallyaxﬂelectricanym. The
ﬂedblemecﬁ::gslnmtsmattadaedtotheleadpostsbymsofnm
mmwmmm:mmummm.

78. The controller en the pemmissible-type Westinghouse locomotive
msmtmpemdssibhcaxditimarﬂc:eataisufﬁ:imta:cinqéuﬁng
rormal operation to ignite an explosive methane-air mixture.

- 79. 'meca:t:idgefuseprovidingcmloadmtacﬂmforthel-horse-
pv«ercmmesscrmtor,ﬂ:eheadlightsa:ﬁassocﬁatadcirmitymthe
Goodman locamotive had opened and was shunted by a length of Mo. 12 wire.

arcing during nczmal operation. The No. 12 wire used to bypass the defecti:
fuseprctecﬁngﬂxecamsc:amughtcimitsmwedevﬁmofaming.

8l. 'n':einsﬂatadwixesettendingtothecuup:esso:mmronmccod-
nanlocmntivedidmtpassintothemtalmf:meth:mghpmperly
insulated kushings.

82. The Goodman locamotive was not provided with autcmatic brakes,
dual hraking system, or a similar device.
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Many of the conditions and practices summarized above constitute vio-
lations of the Federal Coal Mine Health and Safety Act of 1969 and the
mendatory health and safety standards contained in Title 30, CFR, as
listed below.

Violations of Part 75, Title 30, CFR

75.150 Failure to provide training in use of methane-detecting
equipment
75.301 Failure to provide adequate ventilation
75.303 Failure to make required mine examinations and maintain
75.314 accurate records .
75.305 Lack of initials and dates (to indicate that required
examinations were made)
- 75.316 Violations of Ventilation and Methane and Dust Centrol Plan
75.403 Incambustible content of mine dust below minimm require-~
ments
75.514 Cells of batteries on locamotive not properly maintained
~ 1 75.515 Wire passingy through metal moter frame on locarotive without
e insulated bushi
75.518 Wire used in place of fuse cn locomotive
75.1404 Dual braking system not provided for locamotive
75.1714 Failure to provide training in self-rescue devices
80.11 Failure to report methane ignition to MESA

Appendix O lists the violations found which did not contribute to the
Cause or severity of the explosioms. Appropriate Section 104 (Act)
Notices and Orders shall be issued to Scotia Coal Company for all
violaticns.
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PART IX

Conclusions

MESA investigators conclude that the explosion of March 9, 1976, resulted
from inadequate ventilaticn. The operation of electric equipment that
was not maintained in campliance with Part 75, Title 30, CFR, and which
mmtsthataeatadimaﬂiveamﬁng&ﬁmmlmﬁm
in an area where methane had accumilated and where the 1 eamina-
@mmmmmwmmmdmmmt
in the area were contributing factors of the explosien.

Acﬁ.vatinganduudcingﬂ:eZIeftSectimforapeﬁcdcfamdmtely
one mnth priar to the first explosion without establishing permanent
~ventilation permitted the short-circuiting of the ventilating current at
the entrance of 2 Left Secticn for extended periods of time. This resulted
in inadequate ventilation in 2 Southeast Main inby 2 left, allowing methane
to accumlate. The construction of plastic checks across Nos. 4 and 5
intake entries of 2 Southeast Main cn the evening befcre the explosion
copletely restricted the air that would have ventilated 2 Southeast Main
inby 2 Ieft and increased the hazard by permitting methane to accumlate
more rapidly.

Preshift examinations were not made in 2 Southeast Main inby 2 left on the
morning of March 9, nor was an examination made pricr to the electric
equirment entering the area. Therefcre; the methane accumilations were
not detected. The cperatcrs of the Nos. 6 and 8 battery loccmotives were
instructed and permitted to operate this equirment in this area,
ptec:’.pitauwgg_&u-eﬁplosim. Althouch it camnot be determined with
certainty i of the scurces .of arcing oan the two locamwotives, as dis-
cussed in Part VII of the repart, ignited the methane, the most likely
source of ignition was the arcing created by the open—type controller on
the No. 6 Coodman locamotive when the controller was tumed to the "off"
position by the locomotive cperator after reaching his destination at No. 31
crosscut, 2 Southeast Main, Coal dust entered into the explosion anly to a
mincr degree and pressure relief inby and cutby the ignition point pre-
vented high pressure and flame velocity. -

MESA investigators conclude that the explosion of March 11, 1976, resulted
frem a lack of sufficient air to ventilate the area in 2 Southeast Main
inby No. 22 crosscut, including the 2 Left Section, and remove from the
mine the known methane accumlations. The lack of air prohibited safe
and timely campletion of the recovery operatians.

The plamning and subsequent unsuccessful attempts to increase the ventila-
ticn in 2 Southeast Main consumed approaximately 45 hours. Duaring this
pericd, methane increased to an explosive concentration in the unventilated
explosicn area, which had not been campletely explored and where battery-
powered equipment was known to be present. Efforts to increase the
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ventilaticn in 2 Southeast Main failed primarily because of the i
mine map which was prepared by the carpany and used by officials as a ..
to develop recovery plans. This contributed to the second explesion. Luie
possible contributing factors were that the planners, controllers, and
directcrs of the rescue and recovery cperaticns did not give due considera-
tien to the potential ignition hazard of the battery-powered equirment in
the unventilated and contaminated envircrment of the 2 Scutheast Main area
and to the increased risks asscciated wath prolonged recovery efforts in
the area and exposure to such conditions.

The msthane was ignited near the entrance of cr in 2 left Section off

2 Scutheast Main by cne of five possible ignition sources: 2n electric
arc cor.spark from a battery-equipped deluge system; three battery-equipped
telephanes; the scoop batteries; a fricticnal spark from a fall of mine
roof on a roof-bolting machine; or heat from residual fires. While it
camnot be definitely determined which scurce ignited the methane, MESA
investigators conclude that the most likely ignition source was a
frictional spark created when a section of mine roof fell en the roof-
bolting machine located near the face of No. 2 entxy in 2 left Section.
Coal dust enterad into the explosion and aided in its propagation.

Respectfully submitted,

/s/ James D. Micheal /8/ Ray G. Ross

James D. Micheal Ray G. Ross

Coal Mine Specialist -Supervisory Mining Engineer
/s/ Lawrence D. Ph.i;uips /s/ Cecil E. lester
Lawrence D. Phillips - Cecil E. lester

District Manager, District 6 Coal Mine Specialist

/s/ John Nagy

Joim Nagy

Physical Scientist

Aprroved by:
/s/ Joseph O. Cock

Josepn O. Cock
Assistant Administratcr--Coal Mine Eealth and Safety
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Appendix B
MINE RESCUE TEAMS

Blue Diamcnd Coal Campany
Leatherwood, Kentucky

Team No. 1 Team No. 2
Alger Bowen Jerry Baker
Darrell Rice Archie Craft
Bubert Smith J. C. Osborne
Romnie Halcamb Garland Farley
Brumner Candill Johmy Josuah, Jr.
Marty Turner Buxgene Sizemore

Scotia Coal Company
Oven Fork, Rentucky

Team No. 1 Team No. 2
- Charles Rirk, Captain David McRnight, Captain
Jerry BHerrin C. Turner
B. D. Baker Gary J. Shelton
Bobby Collins Larry Barker
J. Kirk J. D. Polli
Wayne McDougal Kemneth Fields
Willard Back - G. Balcamb
William D. Napier
Team No. 3
Jinmy Cornett, Captain
W. Rosenbaum
Renneth Goins
M. Duff
Benny Adams

Rentucky Department of Mines and Minerals

Rerneth Dupree, Captain
Douglas Monroe

Dewey Middleten

Lloyd Adams

Bcbby Baker

Ieroy Gross



Clinchfield Coal Company United States Steel Corporz+i-n
Moss No. 2 Team Team

Dante, Virginia Lynch, Kentucky
Harold Phillips, Trainer Albert C. Wagers
Milton Kiser, Captain Hubert L. Payne
Wayne Fields Jimmy R. Bzcgg;l
larry Breeding James M. V.
larry Meade Sammy D. Farris
Bchby Tampa Ray McKenna
Kemmeth Brooks, Jr. Jaohn Dixon

Guy Jessee

Westmorelané Coal
Big Stone Gap, Virginia

Team No. 1 Team No. 2
Jerry Fritz, Captain Billie R. Person, Captain
Jack Collinsworth Gerald A. Wolfe
Glen Bowen Ronald W, Willis
Matt E. Smith Lloyd Robinette, Jr.
Gerald Tate James D. Garrison
Hubert Kimberlin, Jr. Raymond Carnes

David M. Breedlove
Iouis E. Henegar, Trainer

Beth-Elkhorn Czal Corporation
Jenkins, Kentucky

Mine No. 22 Mine No. 26
Charlie Adams, Cagtain Claude Brown, Trainer
Herschel Slone Larry Minnix, Captain
Paul Gilliam Danny Hause
Kyle Walker . Danmny Rebinette
Doug Moncrief Emmett McCullun
Thurman Hall Ward Carter
James Salyers, Trainer George Potter

Mine No. 29

Burley Wright, Captain
Jack Quillen
Paul little
Lecnard Fleming
Johnny Green

Kelly P. Desimone
Armmold =, Williams



Aprendix B continued

International Harvester Naticnal Mines Corporation

Benham, Rentucky Wayland, Kentucky
Don Disney. Captain John Collins, Captain
Ronald Boggs J. C. Spencer

Allen Evans Burl Scott

Lamie Buchanan Berman Allen

David Howard ' Danny Patton

Jerry Williams Charles Senters

Luther Russell, Trainer
Mining Enforcement and Safety Administration (2 Teams)

Herschel Lough, Manager
Harrison Summers, Manager

Morgantown, West Virginia

Pittsburgh, Pennsylvania

Raymond Strahin Jaln E. Chambers
. Richard Vasicek Gerald E. Davis
William Reid William A. Cupree, Captain
Harry Markley William E. Humbert
Starr Powers Walter T. Magera
Michael Evanoff Charles W. Pogue
James Satterfield Exmest C. Teaster, Jr.,Captain
Jaohn Floyd
SCOTTA QOAY, TOMPANY

Jasper XK. Comnett, Director of Recovery

Woods G. Talman, Cansultant

Richard Carter, Resident Manager

Barvey Creech, Assistant Resident Manager

Walter Williamson, Supervisor of Mine Rescue Teams
Lather Kirk, Mine Rescue Team Instructor

Arvil Cocrnett, Foreman
Verle Boggs, Foreman and Fireboss
David Adams, Maintenance Foreman

Bruce Jnes, Foreman
Merle Rhodes, Foreman and Fireboss
Hargis Maggard, Maintenance Foreman

Gerald Thormmsberry, Foreman

Carl Wheatley, Foreman

Carrell Williamson, Firsboss
Rardy Morris, Maintenance Foreman
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SQOTIA EMPIOYEES ASSCCIATION
David T. McPnight
Renneth Goins
Benny Adams
RENTUCKY DEPARTMENT CF MINES AND MINERALS

Renneth Dupree, Mine Inspector
Douglas Monroe, Mine Inspector

MINING ENFORCEMENT AND SAFETY ADMINISTRATICN

lawrence D. Phillips, District
Ray G. Ross, Superviscry Mining Engineer, Manager Control Center

Jmsﬁmcm,&puvisoxy@alMﬁwM‘mialSpecialisc
(Ventilation), District 5

Raonald W, Franks, Coal Mine Inspection Supervisor, District

Russel Tackett, Coal Mine Inspection Supervisor, District 6

Charles Cnuny,- District-3



APPENDIX H
ANALYSIS OF MINE DUST SAMPLES TAKEN IN EXPLOSION AREA

Average Percent Number of
Location Incombustible . Samples

2 SOUTHEAST MAIN

5-1 to 5-5 62.0 16
5-6 to 5-11 50.5 26
5-12 to 5-18 47.3 a3
5-19 to 5-24 . -44.3 30
5-25 to 5-30 42.8 30
5-31 to 5-36 45.1 30
5=37 to 5-43 57.9 35

2 LEFT OFF 2 SOUTHEAST MAIN
10-1 to 10-5 42.7 “ 18

NORTEEAST MAIN - RIGHT PANEL.

4-1 to 4-10 69.1 47
4-11 to 4-17 48.6 38
4-18 to 4-22 44.8 25
4=23 to 4-27 48.6 23
4-28 to 4-32 60.4 19
4-33 to 4-40 60.7 32

NORTHEAST MAIN - LEFT PANEL

3-1 to 3-10 80.0 42
3-11 to 3-17 74.1 ' 27
3-18 to 3-24 . 77.5 32
3-25 to 3-30 83.2 30
3-31 to 3-46
INTAKES 79.2 46
RETURNS 85.4 19



APPENDIX H - continued

ARALYSIS OF MINE DUST SAMPLES COLLECTED IN 2 SOUTHEAST MAIN
PRIOR TO EXPLOSIONS

Number of Percent of.
Aversge Percent Number of Samples out Samples out

Location Incombustible Samples of Compliance. - of Compliance
2 SOUTHEAST MAIN

INTAKE 81.3 36 0 0z
RETURN 82.6 18 4 22%



APPENDIX H - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXPLOSIONS
SOUTH MAIN AND SOUTHEAST MAIN

: Entry Number

Sample A B < D

No. INTAKE INTAKE/BELT INTAKE/TRACK INTARE
1-2 89.7N S N - 85 N 5 N
1-2_:( . 92 . 3N 94 . ZN 87 . 3N o
1‘3 7& . 7N - 86 QSN 87.8N 69.7N
1-4 70.5N 75.8N 87.7n NS
1-6 48.2N 61.5N 78.6N 58.2n
1-7x NS NS 72.8N NS
1-8 NS NS NS NS
1-9x NS NS NS NS
1-10 NS 67 .4N 87.6N 65 N
1-11 ' NS "~ NS 85 N NS
1-12 NS /56458 83.5N NS
1-12x NS NS NS NS
1-13 NS 66 N 86.4N NS
1-14 NS 81.2N 8 N NS
1-14x NS 88.9N NS NS
1-15 NS 76.9N 90.7N NS
1-16 NS 68.9N 77 N NS
1-17 80.8N 90.9N : 53.4N NS
1-18 © 77.9N . 80.3N . 58 N NS
1-18x NS 65.8N NS NS
1-19 57.1N 87.1N 37.38 NS
NOTE: Abbreviations - X = crosscut

NS = no sample
N = no coke
0,4,8,C,D,E,F,G,E, I = entry number
L = large coke
T = trace coke
S = gmall coke



APPENDIX E ~ Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTZER EXPLOSIONS
SOUTH MAIN AND SOUTHEAST MAIN

" "Entry Number
Sample A B ' c
No. RETURN __ INTAKE/BELT INTAKE/TRACK

1-21 66.3N 83.5N 86.0

1-23 NS 86.7N 82.3N
1-24 NS 77.4N 73.5N
1-25 56.2N 85.7N 70.9N
1-25x NS 81.1N 72.7N
1-26 60 N 87.6N 67.8N

INTARE

69.6N

66 N
54.18
57.5N
52.2N

55.1N



APPENDIX H - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXPLOSIONS
SOUTHMAIN AND SOUTHEAST MAIN-RIGHT PANEL

‘Entry Number

Sample A B c D

No. RETURN ___ INTAKE/BELT INTAKE/TRACK INTARE
1.27 68.1N 87.0N 82.8N S5.4N
1-27x NS 9 .88 53.8N -
1-28 58.5N 84.5N 77.4N 67.6N
1-29 58.5N " 83.78 89.3N - 53.3N
1-29x 51.1N 81.7N 61.3N -
1-30 46.2N 88.8N 85.9N 52.2N
1-35 78.2N 97.5N 89.7N 741N
1-36 79.1N 96.6N 94.3N 63.1N
1-37x NS NS 84.7N -
1-38 85.0N 86.9N 89.9N NS
1-39 95.78 26.4N 81.7N 59.6N

SOUTHMAIN AND SOUTHEAST MAIN RETURNS

" 'Entry Number
Sample A B C ‘D
No. RETURN RETURN RETURN ‘RETURN
2-1 79.1N 86.4N 86 N -
2=-2 70.9N 8 N 88.8N -
2-2x NS NS 96.3N -
2-3 NS 88.9N 99.6N -
2-4 52.9N 92.1N 95.1N -
2-4x NS 62.1N 96.1N -
2-14x 49.1N 44.6N NS NS
2-15 NS NS 56.6N NS
2-16 ¥s 65.3N 60 N RS
2-16x NS NS 58.4N NS
2-17 64.2N NS 61 N NS
2-18 NS NS NS NS
2-18x NS NS NS NS
2-19 -45.6N 68.2N 58.8N 56 N
2-20x 46.5N NS NS NS



APPENDIX H - Continued

...................................

Entry Number
Sample A B ' C ‘D
No. ——RETURN ‘' RETURN _RETURN o RETURN
2-21 RS NS 66.6N NS
2-22 NS 55.4N _Xs 47.4N
2-22x NS NS NS NS
2-23 58.5N 49.5N 52.68 49 N
2=24 NS 50.88 - 59.5N 61.1N
 2=25 50 1N 73.1N 74 .58 66.9N
2"26 69 . 6N b4 83. 6“ 78 (] 3N 58 . 6N
2-27 65.2N 78.78 _87.3N 80.2N
2-28 67.2N 71.28 82.6N NS
2-29 56.7N 72.8N 77.6N 75.5N
2-30 NS 65.7N 66.4N 72.78
2-31 70.9N 81.7N 56.3N 70,
2-31x 46.2N 55.1N 77.28 -
2=-32 54.9N 71.5N 76.8N 59.6N
2-33 59.8N 63.78 . 69.9N 48.8N
2=-33x 45.0 52.8N - 54.3N -
2=-35 (dog leg) E~75.5 (INTAKE) N F-79.2 (INTAKE) N
2-36 NS 85.1N 82.28 NS

2=-37 E-58.8N F-93.1N



APPENDIX H - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXPLOSIONS
. NORTHEAST MAIN - LEFT PANEL

Entry Number

Sample A B c D E

No, RETURN RETURN INTAKE/BELT __INTAKE/TRACK _ INTAKE
3-1 70.1N 67.9N 95.2N 69.78 90.3N-
3-2 _ 67.7N 97.5N 94.2N 67.3N 78.4N
3-2x 82.1N 75.3N 7 76.4N 70.7N -
3-4 81.2N 58.1N 71.0N NS NS
3-4x NS NS 90.2N - -
3-5 - 77.18 91.3N 62.5N 83.9N
3-7 - NS 92.7N NS NS
3-9 - NS 83.5N. 81.7T NS
3-12 - 69.1T 65.08 73.7L 73.8L
3-13 - 78.0s 76.5L 69.1L 77.3L
3-14 - 77.58 82.1T _ 63.7L 81.0L
3-15 - 68.8S 83.1T godb 69.3L
3-16 - fall 100.0N 59.1L 75.5L
3-16x - - 87.0T 74.1L -
317 - . 57.6T 90.0N 66.2T 76.6T
3-18 | - 57.0N . _ 83.0N 68.5S 77.38
3-19 - - " 55.0N 39.0N 71.28 70.58
3-20 wet 100.0N 94.0N 65.6T 76.2S
3-21 82.0N 87.0N 93.0N 66.7T 73.6T
3-22 70.0N 77.0N 93.0N 75.97 79.2T
3-23 66.0N 94.0N 95..0N 75.2T 100.0N
3-24 65.0N 100.0N 100.0N 42.0N 94.0N
3-25 79.0N 100.0N 100.0N 79.0N 89.0N
3-26 52.0N 66.0N 100.0N 85.0N 80.0N
3-27 84.0N 66.0N 90.0N 77.0N 70.0N
3-28 69.0N 99.0N 100.0N 77.0N 95.0N
3-29 41.0N - 84.0N 95.0N 75.0N 95.0N
3-30 79.0N 95.0N 99.0N 79.0N 97.0N
3-31 80.0N 100.0N 95.0N gob 94.0N
3-32 67.0N 95.0N 87.0N gob . 91.0N
3-33 85.0N 86.0N 100.0N 70.0N 94.0N
3-35 92.0N 95.0N 89.0N 53.0N 97.0N



APPENDIX H -~ Continued
NORTHEAST MAIN - LEFT PANEL (Continued)

Entr_.'x Number

Sample A B C D E

No. RETURN RETURN INTAKEZ BELT INTAKE[TRACK INTARE
3-36 93.0N 96.0N 92.0N 63.0N 100.0N
3~-37 wet 87.0N 95.0N 78.0N 100.0N
3-38 wet 100.0N — ~100.0N 95.0N 96.0N
3-39 wet 71.08 80.0N 97.0N 62.0N
3-40 " wet fall 83.0N 85.0N 55.0N
3-41 70.0N 87.08  100.0N NS 64.0N
3=42 vet 81.0N 83.0N 84.0N 50.0N
3-422 63.0FN 45.06N 65.0HN 90.0IN -
3-43 wet 90.0N 84.0N 78.0N 65.0n
3-44 66.0N wet 76.0N 79.0N 59.0N
3~45 wet 81.0N 50.0N vet wet
3-46 wet wvet 54.0 64.08 wet



APPENDIX H - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFIZR EXPLOSIONS
NORTHEAST MAIN - RIGHT PANEL

Entry Number

Sample A B 3 D E

No. RETURN RETURN RETURN RETURN RETURN
4-1 62.0N Bl.4N 94.7N 78.2N 67.9N
4=2 84.1N 73.5N 86.78 7958 — J7.78
4~3 65.78 62.1N 77.18 81.7N KRS
4=3x 68.1N 60.7N 87.4N 91.5K -
4=~4 89.4N 75.4N 94 .5N 76.58 89.8N
4-6 39.2T1 50.1N 59.8N NS 80.6N
4-7 38.58 NS 50.7T NS 58.5K
4-8 39.2s NS 49.7T 60.7T -
4-9 40.98 NS 45.8s 67.7T -
4-10 47.58 NS 39.1s KNS -
4-1lx 42.0L 47.7L S51.3L - -
4-12 45.7L 42.1L 56.8L 41.6L -
4-13 61.5L 42.9L 56.4L 45.9L -
4~13x 58.4L 60.4L 54.7L - -
4-14 63.9L S51.5L 62.7L 46.9L -
4-16 44.0L 46.0L 53.1L 43.8L -
4-17 ° 41.8L 48.8L 43.0L 37.4L 45.7L
4-138 - 42.6L 39.4L 46.2L 41.8L 44.2L
4-20 42.3L 42.0L 46.2L 54.1L 47.1L
4=24 .41.5L 46.6L 48.6L 41.6L 47.7L
4-26 50.0L 52.5L 50.1L 56.4L 57.1L
4-28 55.8L 52.0L 45.6L 46.18 45.9T
4-31 64.7L RS 58.5T 76.0N 60.0N
4-32 NS 55.2T 73.0N NS NS
4-33 57.2s 55.0N 47.0N NS NS




APPENDIX H - Continued
RORTHEAST MAIN - RIGET PANEL (Continued)

' Etg Number
Sample A 3 c D E
No. RETURN RETURN RETURN RETURN RETURN
4=34 NS 57.0N  76.0N NS NS
4-35 60.0N 41.0N 72.0N 65.0N 70.0N
4=36 54.0N 64.0N 76.0N 55.0N . NS
4-38 64.0N NS- 70.0N NS 90.0N
4‘38: 650 OFN 75 . OGN - - -
4-39 52.0N 37.08 36.0N 35.0N 70.0N
4~40 57.0N NS 42,.0N NS 61.0N

10



APPENDIX H - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXPLOSIONS
2 SOUTHEAST MAIN .

n

Entry Number
Sample (] A B 4
No. RETURN RETURN INTAKE/BELT __ INTAKE/TRACK
5-1 - 59.78 79.3L 78.38
5-2 - 81.28 NS 68.8S
5-3 —- 67 L 73.7L 56.3%L
5=3x - 43.3L 65.7L 63.3L
5-4 - 41.6L NS 63.3L
5=-6x - 52.9XL NS NS
5‘7 - 48.811. 55 L 51071'
5~-8 - 45.6L 61.8L 47.7L
5-9 - 45.4L 57 L 61.5L
5=-10 46.2L 43.5L 35.4L 52.2L
- 5=11 45.3L 47 L 56.7L 46.7L
5=-12 46.3L 45.2L S54.9L 45.7L
5-13 44,61 46.2L 35.5L 49.1L
5~14 NS 45.5L 52.2L 62.7L
5-15 47.5L 47.4L 48.1L 62.4L
5=16 46.9L 45.1L 47 L 47.5L
5-17 RS 43.7L 48.6L 43.2L
519 45.8L 45.1L 49.1L 56.9L
5-21 50.6L 47.1L 45.6L 46.3L
- 5=22 49.7L 48 'L 48.5L 60.4L
5-23 47.3L 48.9L 41.4L 44.5L
5-24 42 L 51.9L 44,51 37 L
5-25 42.4L 62.1L 46 L 43 L
5~26 48.3L 40.2L 45.4L 64.5L
5=27 37.8L 43.5L 46.2L 49.5L"
5-28 42.4L 44.5L 43.1L 60 S
5-29 37.4L 33.88 . 44.18 46 S
5-30 41.6L 35.38 40.6S 41.6L
5-31 42,.5L 33.98 47.48 37.5L
5=-32 37.3s 46.58 39.3T 43.8L
5-35 52.5L 49.6L 42.35 56.98
5-36 59.1L 49.5L 50.5L 48.9S
5=37 53.3L 49.2L 57.4L 70.1L
5-38 43.3L 42.3L 52.7L 47 L
5-39 65.8L 48.68 56.3T 49.7L
5=40 82.5L 72.68 62.8T 79.7L
5-41 72 T 51.9T 54.8N 67 T
5=42 56.6N 45.6N 41.5N 59 T
5=43 60.6N 60.7N 46.9N 57.9%

D
INTAKE

59.88
NS
NS
NS

47.2L

78.8L
RS
NS
39.9xL
50.9L
44.3L
46.4L
45.9L
44.1L
45.1L
38.5L
38.1L
48.1L
42.11L
34.9L

37 1L

32.8L

31.6L
31.8L
29.8s

29.28

36.88

37.3s

34.88

32.08

33.98

32.8s

31.68

36.4T

36.6L
44.7L
59.4L
41.1L
41.5L
55.7L
64.3L

. 57.1s

68.5T
64.6L
66.3T



APPENDIX H - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXPLOSIONS
3 SOUTHEAST MAIN

Eatry Nusber
Sample A 3 C D E
No. INTAKE INTAKBZ‘I’RACK IN'I'AKE[ BELT  RETURN RETURN
6~1 71.0N 85.0N 79.0N 50.0N 59.0N
62 56.0N 86.0N 81.0N 50.0N NS
6-3 . 54.0N 76.0N " NS NS NS
6~4 64.0N 80.08 90.0N NS 49.0N
6-5 65.0N 92.0N 90.0N 100.0N ° S0.0N
6~6 79.0N 99.0N 84.0N NS 58.0N
6-7 NS 82.0N 90.0N 95.0N NS
6-8 43.0N 100.0N 75.0N 100.0N 51.0N
69 65.0N 95.0N 65.0N 57.08 45.0N
6~-10 81.0N 100.0N NS NS NS
611 79.0N 57.0N 91.0N RS 90.0N
6-12 95.0N 77.08 56.08 77.08 65.0N
6~-13 84.0N 72.0N 65.0N 72.08 76.0N
6~14 .84.08 80.0N RS g 80.0N 76.0N

12



APPENDIX H -~ Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXFLOSIONS
2 LEFT OFF NORTHEAST MAIN

Entry Number
Sample A B c D E
No. RETURN RETURN INTAKE( BELT INTAKE { TRACR INIAKE[ TRACK
7-1 - 708N 92 N 81 N -
7.2 81 W NS 2 ‘X 9 N 7% X
7-3 81 N 73N NS NS NS
7-4 - 97 N 8 N B4 N -

13



APPENDIX E - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER - EXPLOSIONS
1 WEST RIGET PANEL

. Entry Number
Sample A B < D
No. RETURN INTAKE/BELT INTAKE[TRACK INTARE
8-1 NS NS 100 N NS
8-2 9S N 85 N NS NS
8-3 . 8 N 97 N NS KNS
8~4 100 N 77 R 100 N RS
8~-5 100 N 100 N 100 N 80 R
8-6 NS 100 N 98 N 83 N
8-7 87 N 100 N 87 N NS
8-8 NS 84 N 100 N 69 N
8-9 100 N 100 N 100 N 9% N
8-10 NS 100 N 100 N NS
8-11 NS NS 100 N NS
/.."
Entry Number
Semple A B c D ;
No. RETURN RETURN INTARE/BELT INTAKE/TRACK  INTAKE

8-12 - . 100 N 88 N NS -
8-13 - 100 N 99 N - NS -
8-14 RS NS 100 N 95 N 70 N
8-15 - 46 NS 97 N 9S N 93 N
8-16 37 % 100 N 96 N 99 N NS
8-17 NS NS : 84 N 84 N NS
8~18 NS NS NS NS NS
8-19 NS NS 81 N 100 N 60 X
8-20 4N 76 N 80 N 79 N NS
8-21 46 N 61 N 100 N 100 N S5S X
8-22 66 N 75 100 N 100 N 91 N
8-23 78 N 76 N NS - NS 75 N
8-24 84 N 66 N 65 N 95 N 32N
8-25 NS NS 100 N 43 N NS

. 8-26 " NS NS RS NS NS

14




APPENDIX E - Continued

ARALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXPLOSIONS
1 WEST LEFT PANEL

Entry Number

Sample A B £ D

No. RETURN RETURN RETURN RETURN
9-1 NS RS 82 N 96 N
9-2 — b4 N 68 N 93 N 95 N
9-3 78 N NS 85 N 92 N
9=4 NS NS RS 88 N
9-5 NS 87 X 90 N 83 N
9-6 NS NS NS 100 N
9-7 3N 59 N NS 87 N
9-8 61 N 61 N 80 N NS
9-9 68 N 69 N 60 N NS
9-10 NS NS RS KNS

9-11 . NS NS NS NS

15
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APPENDIX E -~ Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED AFTER EXPLOSIONS
2 LEFT OFF 2 SOUTHEAST MAIN

Sample A g mEEE )

No. RETURN __ RETURN __ INTAKE/BELT  INTAKE/TRACK
10-1 W8T 0. 47L &2 L
20-2 43T 4281 4LeL 4111
10-3. 38.6L  39.7L  45.8L 41.6L
10-4 NS 44.4L 4741 40.9L
10-5 NS 4 L . 45.2L 42.1L

16



APPENDIX B - Continued

ANALYSES OF MINE DUST SAMPLES COLLECTED IN
2 SOUTHEAST MAIN PRIOR TO MARCH 9, 1976

Entry Number
Sample o A B < D
—Na. DATE RETURN  RETURN INTAKE[ BELT INTAKE/TRACK INTAKE
5=9 5-22-75 - - - 9% 86
5-18 11~3-75 83 82 90 82 66
5-20 11-3-25 _ vet wet - wet 85 67
5-22 - 11-3-75 85 90 66 80 73
xzcut 11-3-75 - - - - 82
5-23 11-3-75 92 69 91 81 86
5-25 11-3-75 63 97 70 73 80
xcut 11--3-75 - - - 93 80
5-26 11-3-75 65 89 85 83 73
5-27 11~3-75 70 85 75 66 vet
5-34 1-27-76 wet 89 93 87 78
5-36 .1-27-76 wet 89 89 wet 72
5-38 1-27-76 vet 82 93 89 90
xcut 1-27-76 wet 87 85 . 86 -
5=40 1-27-76 89 80 wet 70 87

7
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Appendix I
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A Surface Substation
3750-kv.-a. 12,470/7200

s
L 4
@ Afr Break Switch @ 9CC

D3 300-kv.~a. Belt XFMR @ 9CC

Hf 300~kv.-a. Belt XFMR
1 East @ 41CC

Y-Box 1 West @ 56CC

1 West @ 56CC

Py

300-kv.-a. Belt XFMR
2 East @ 84CC

R

Y-Box 2 East @ 84CC

== 2 East

300-kv.-a. Belt XFMR - Northeast Mains
E[ "o 112cc

300-kv.-a. Belt
XFMR Y-Box

@ 150 e 182CC 112.5-kv.-a.
Belt XFMR @ 20CC

mkv.-.o
Belt XFMR R 2 Southeast

Y-Box @ 150 @ 180CC Section XFMR
@ 1CC

1 Southeast Mains

YIGURE 1. - HIGE-VOLTAGE DISTRIBUTION



Bottery scoop

2 SOUTHEAST MAINS

400 ) 800
Scale, ¢

r-O

Westinghouse locomotive

Goodmen locomotive

OTHER SECTION EQUIPMENT

Lee Norse Miner (38Y)
2 Golis Roof Drills (320)
2 Torkors

Belt Feeder
Bottery Chorger

KEY
———7200 voits
= 480 voits
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~e-s-~Fire sensor circyit
=—=—Phone circuit

x Deluge system
© Telephone

s Belt starter

© Belt drive

? Pump

RT PANEL
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NORTHEAST MAINS U

Figure 2.- Energized circuits prior to first explosion. (O3-

09-76)
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Figure 3.-Energized circuits prior to second explosion, (03-11-76)
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Apperdix K

.Crosscut No. 31
2 southeast mains

Ratl car

Yictim No. 15

Westinghouse Locomotive
No. 8

Resister box

i

Goodman locomotive
No. 6

l

-
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cover
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Figure 2



Apperdix K

Crosscut No. 31
2 southeast mains

Rail Car

Piece of conveyor belt

Westinghouse locomotive
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Appendix M.1
REPORTS OF SPECIAL TESTS
PART 1
VENTILATION

2 Southeast Main
Scotia Mine I.D. No. 15-02055

May 17-23,71977
by

J. L. Banfield.z r.lf. R. A. Hansyg/.
S. M. Hoover™, and H. Schade®

INTRODUCTION
From May 17-23, 1977, inclusive, four ventilation tests were conducted in
the 2 Southeast Main (2SEM) section of the Scotia Mine. These tests
were proposed by the comittee investigating the Scotia disasters and the
tests were performed by personnel from the Ventilation Branch, Pittsburgh
Technical Support Center and Coal Mine Health and Safety Districts 3 and
6. A list of personnel who assisted in gathering the data is attached.

The purpose of this study was to conduct the following tests:

1/ Etngineer-in-charge, Ventilation Branch, Division of Health Technology,
Pittsburgh Technical Support Center, Mining Enforcement and Safety
Administration, U. S. Department of the Interior, Pittsburgh, Pa.

2/ Mining Engineer, same as above.

3/ Mining Engineering Technician, same as above.
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1. Establish methane liberation'rates in 2SEM and 2 Left off 2 Southeast
Main (2LT-2SEM).

2. Control the return air quantity at the mouth of 2SEM to 15,000 cfm
and measure methane concentrations and air .quantities in the last open
crosscuts of 2SEM and 2LT-2SEM with all of the available intake air
ventilating the_ZSéM faces before ventilating the 2LT-2SEM faces.

3. Control the return air quantity in the last open crosscut of 2LT-2SEM
to approximately 11,000 cfm, open the airlock doors in crosscut 23,
measure methane concentrations and air quantities in the 2SEM area, and

evaluate the system.

4. Install two checks in entries 4 and 5 immediately inby 2LT-2SEM and
measure methane concentrations in this area inby 2LT-2SEM for six

hours.
TEST DESCRIPTION AND INSTRUMENTATION
Figure 1 shows the test site, the location of ventilation controls in the

test area, the location of instrumentation, and the location of the sites

cthosen to determine methane liberation flow rates.
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The methane 11beration flow rate tests were designed to determine the
liberation flow rates in 2SEM and 2LT-2SEM at the locations shown in
Figure 1. These methane liberation flow rates were determined by measuring
the necessary air quantities with chemical smoke cloﬁds and methane
concentrations by analyses of 250 m? vacuum air sample bottles at the MESA

Gas Lahoratony in Mount Hope, West Virginia.

The air velocity measurements needed to describe ventilation system
performance were obtained with vane anemometers or chemical smoke clouds.
Permissible battery-powered recording anemometers were also installed in
the 2SEM regulator and in the last open crosscut 2LT-2SEM to indicate

air velocity changes (figure 1). Three ventilation systems were tested.
The first system tested was the system‘aS'shown on Figure 1. 1In the second
test system, the airlock doors in crosscut 23 were bpened; and in the

third system, check curtains were installed in entries 4 and § between
crosscuts 23 and 24- The f;sf ai;>quantity in 2SEM was controlled to

the desired quantity by a regulator installed in the 2SEM return airway

between crosscuts 2 and 3, Figure 1.

Methane concentrations were determined for these three ventilation
systems with permissible, battery powered recording methane detectors.
Three detectors were located in each of the five entries inby crosscut

23, 2SEM, and one methane detector was also located in the last open



crosscut 2LT-2SEM. Bacharach Model coaoouﬂf. 110 VAC powered recording
methane detectors were instalied in the intake air near the 2SEM overca?@i
and in the return air at the 2SEM regulator. The location of al) recording

methane detectors are shown in Figure 1.

During the 95-hour methane test period, the area was inspected constantly
and methane concentrations between recorder locations and-in -the 2SEM
faces were measured with handheld methane detectors. The récording
methane detectors were installed on the 7:00 a.m. - 3:00 p.m. shift,

May 17, 1977, and removed on the 3:00 p.m. - 11:00 p.m. shift, May 22,
1977.

METHANE LIBERATION RATES - TEST 1

The total measured and balanced methane flow rate at each measuring
location on the first and last day of the test is shown in Table 1. The

average of two deterﬁinations is also prdvided.

Table 2 shows the balanced methane liberation rate at each location
(figure 1) on May 17 and 23, 1977. These values represent the difference
between the total methane quantities in the return airways and the total
methane content in the intake airways. The methane 1iberation rate for
the area of 2SEM inby 2LT-2SEM was approximately 5.7 cfm and the
liberation rate for 2SEM was 10.7 cfm.

57 Reference to specific brands, equipment, or trade names in this
report is made to facilitate understanding and does not imply
endorsement by Mining Enforcement and Safety Administration.
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TABLE 2. - Balanced methane liberation rates (cfm CM

Staticn Location 5/17 5/23 Average
1 2SEM 10.9 10.1 10.50
2 2SEM outby 2 Left 8.7 8.7 8.70
3 2SEM inby 2 Left 5.2 6.2 5.70
4 2SEM faces 1.6 1.9 1.75
5 2LT-2SEM 1.0 1.9 1.45
6 2 Left Faces .7 .2 .45




AIR QUANTITIES AND METHANE CONCENTRATIONS - TEST 2

In Test 2, the return air quantity in 2SEM was reduced from about 34,000
to 15,000 cfm by adjusting the 2SEM regulator. The ventilation controls

were maintained as shown in Figure 1.

The intake airflow was coursed to the 2SEM faces through entries 4 and

5, ventilated these faces and returned through entries 1, é, and 3, 2SEM
to 2LT-2SEM. At crosscut 23, this airflow was diverted into 2LT-2SEM to
ventilate this area and then returned to 2SEM at crosscut 21. From this
point, the airflow continued to the Northeast Main (NEM) return airways
through 2SEM entries 1, 2, -and 3. With an air quantity of approximately
15,000 cfm at the 2SEM return air regulator, the air quantity in the

last open crosscut of 2SEM was 12,000 cfm and the methane concentration
measured with a handheld methane detecto;.was approximately 0.10 percent.
In ‘the last open crosscut of 2LT-2SEM, the measured air quantity was
15,000 cfm and ;he methane concentration measured with a handheld detector

was 0.10 percent. '
AIR QUANTITIES AND METHANE CONCENTRATIONS - TEST 3

In Test 3, there were two changes made in the 2SEM ventilation system.
The airlock doors in crosscut 23 were opened, and the air quantity in
the last open crosscut of 2LT-2SEM was reduced from approximately 15,000
to 11,000 cfm by adjusting the 2SEM regulator.



After the air quantity was reduced to 11,000 cfm, the pressure drop
across the 2SEM return air regulator was 0.25 inches of water, and the
Pressure drop between the intake and return airways immediately inby the

regulator was 0.02 inches of water.

The airlock doors were opened at 12:48 p.m. on May 18, 1977 and remained
o;eﬁ_until 12:00 p.m. on May 22, 1977. During this test, air measurements
were made on each shift at the 2SEM intake overcasts, 2SEM return regulator
-afrlock door (crosscut 23), last open crosscut, 2SEM, and Jast open crosscut

2LT-2SEM. The results of these measurements are shown in table 3.

TABLE 3. - Air quantity measurements during Test 3
May 2

———

Range Avg.

2SEM intake - 14,200 - 16,500 15,100
2SEM return 11,700 - 13,200 12,700
Airlock door, No. 23 crosscut 9,800 - 11,100 10,100
—Last open crosscut, 2SEM 1,100 - 1,800 1,600

Last open ecrosscut, 2LT-2SEM

11,000 - 12,600 11,800

Table 3 indicates that the measured air quantities in the last open
Crosscut of 2SEM ranged from about 11,000 to 12,600 cfm and the average
airflow was approximately 11,800 cfm. The charts from the two recording

anemometers indicate constant average air velocities with short-term
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fluctuations. These rapid fluctuations, varying approximately +25

percent in 2LT-2SEM, are characteristic of turbulent airflow and lasted

' generally less than 30 seconds. The range of measured air quantities from the
dverage of these measurements, +8 percent, is typical of the expected
accuracy of measurement in such airflows. In the last open crosscut,

2SEM, there was a small air quantity (average approximately 1600 cfm)
ventilating the 2SEM area inby crosscut 23. The results of these air
Quantity measurements show that most of the intake air available at

crosscut 23 went directly into the 2LT-2SEM fntake airways and ventilated

the 2LT-2SEM without ventilating the 2SEM faces.

A plot of methane concentration versus time for each recording methane
detector location is shown in figures 2, 3, 4, and 5. The information

on these figures shows that, generally, the methane concentrations at the
test locations inby crosscut 23 increased for approximately 24 hours and
then remained relatively constant until the conclusion of this phase of
the test at 6:00 a.m. on May 22, 1977. The length of this test phase

was approximately 89 hours. Table 4 shows'the average equilibrium
methane concentration at recording methane detectors located inby

2LT-2SEM.



TABLE 4. - Methane concentrations at recording methane
detector locations inby crosscut 23
e T I T I

ests 3 an

Average Equilibrium Final Methane Concentration
Entry Methane Concentration with checks instailed
A B C A ] C
1 .33 .31 .29 .39 -——- .46
2 .25 .31 .27 .36 .37 .26
3 .31 .31 .27 .00 .35 .38
4 .08 .07 11 .10 .28 .23
5 .05 .13 75* .15 .14 1.34*

*Location of methane layer

In patrolling tﬂe entries, higher methane concentrations were found in
entry 5 between crosscuts 39 and 40 than at other loca;ions in entry 5.
The C5 recording methane detector was moved to this location on the second
day of this test phase (figure 1). Methane concentrations at this |
location averaged about 0.75 percent and occasionally peaked at 0.90
percent. A methane layer was forming at this location. The layer
extended approximately 12-18 inches down from the roof and the entire
length of entry 5 between crosscuts 39 and 40. The methane concentration
at this location was sensitive to air movement and fluctuatéd as personnel
traveled near the detector location in this entry. Concentrations
occasionally fell to less than 0.20 percént when personnel walked past
the detector. With care and an extensible eight foot long probe, methane
concentrations in cracks along the roof line could be detected in excess
of 3 percent. Vacuum bottle air samples could not be taken to document

these concentrations due to the layer's sensitivity to air movement.
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Methane in trace amounts (less than 0.0] percent) was found in the
intake air entering 2SEM. The methane concentration at the regulator in
2SEM returns ranged from 0.06 to 0.13 during this phase of the tests.
The plot of methine concentration versus time for this location (figure
5) shows an initial rise from 0.06 to approximately 0.11 percent during
the first 24 hours of this test phase and then the methane concentration
remains relatively constant at approximately 0.12 percent until the
conclusion of this test phase. The methane concentration in the last
open crosscut cf 2LT-2SEM ranged from 0.06 percent to 0.16 percent
during this test phase (figure 5).

Just prior to the conclusion of this phase of the test, methane concentration:
in the deadend 2SEM faces made by handheld methane detectors were (1)

Entry 1, 1.00 percent; (2) Entry 2, 0.70 percent; (3) Entry 3, 0.70

percent; and (4) Entry 5, 1.00 percent.

AIR QUANTITIES AND METHANE CONCENTRATIONS - TEST 4

For Test 4, the only change in the ventilation system was to install
Checks in entries 4 and 5 between crosscuts 23 and 24, 2SEM. These
Checks were installed tight against roof, rib, and bottom. These checks
were put in service at 6:00 a.m., May 22, 1977 and remained installed
until 12:00 p.m., May 22, 1977.
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The measured air quantity in the last open crosscut of 2LT-2SEM imnmdiatq
before check installations was 11,200 cfm, and immediaiély after the
check installations was 11,600 cfm. The charts from the recording
anémometers indicate that the average velocity was relatively constant

at that time. This information indicates that installation of these
chegg curtains would not increase the air quantity in the last open
crosscut of 2LT-2SEM. After these checks were installed, no discernable

air movement was observed in the 2SEM area inby crosscut 23.

After the checks were installed, the methane concentration at most of
the recording methane detectors inby crosscut 23 showed an increase
(figures 2, 3, and 4). The-data on figures 2, 3, and 4 does not
indicate the methane concentrations had réached equilibrium in this

area during the six hour test.

Table 4 shows the me}hang concentrations at recording methane detectors
j;;t before the.checEE.were removed. The highest methane concentration
was 1.34 percent at location C5. This was also the location of a methane
roof layer. The maximum methane concentration at any other methane
recorder station was 0.46 percent at location C1.

The concentrations at the deadend faces of 2SEM taken with handheld
methane detectors just prior to the test conclusion were: Entry 1,

0.70 percent; Entry 2. 0.75 percent; Entry 3, 0.80 percent; and

Entry 5, 1.40 percent. The methane concentrations in airflow infthe
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last open crosscut of 2LT-2SEM was approximately 0.09 bercent throughout
this test phase, and the methane concentration in the airflow through
the 2SEM regulator was also relatively constant at approximately 0.10

percent (figure 5).

When the checks were removed in entries 4 and 5 between crosscuts 23

and 24 and the airlock doors in crosscut 23 closed, the same air
quantity (average 11,800 cfm) used throughout the methane tests was
used‘to clear methane from the entries inby crosscut 23. Shortly after
the airflow reached the faces of 2SEM, the methane concentration in these

faces returned to concentrations present when the tésts were started.

When the methane moved out of 2SEM, the methane concentration of the
airflow in the last open crosscut of 2LT-2SEM increased to 0.35 percent
and in the 2SEM regulator increased to 0.28 percent. The methane quantity
that accumulated inby crosscut 23 during the test was determined by
averaging short time increments on the recorder readout tapes, multiplying
the time increment and air quantity and then subtracting a base liberation
rate at each recorder. The results of the calculations indicate that
approximately 7,000 cubic feet of methane accumulated in the area inby
crosscut 23 during the test. The volume of the area inby crosscut 23 is

approximately 1,400,000 cubic feet.
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At approximately 4:00 p.m., May 22, 1977, the regulator fnstalled in the
2SEM return airway to control airflow during the tests was removed.
With the removal of the regulator, the ventilation system in 2SEM was

the same as when the tests started.

CONCLUSIONS
Methane Liberation Rate - Test )

The methane liberation rate during the tests was determined to be
approximately 5.7 cfm for the area inby crosscut 23, 2SEM and approx-
imately 10.5 cfm for the entire 2SEM area.

Air Quantities and Methane Concentrations - Test 2
With the existing ventilation system (figure 1), an air quantity of
15,000 cfm at the 2SEM regulator was sufficient to dilute present
methane liberation rates in 2SEM to 0.10 percent.

Air Quantities and Methane Concentrations - Test 3
When the airlock doors in crosscut 23 were opened, most of the available

intake air bypassed the 2SEM faces and went directly to the 2LT-2SEM

faces through crosscut 23 and the 2 Left intake airways. The average
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air quantity in the last open crosscut of 2LT-2SEM during this 89 hour

test was approximately 11,800 cfm and data collected by recording anemometers
indicate this was a relatively constant air quantity. There was also a
small airsplit (average - approximafely 1,600 cfm) ventilating the 2SEM

faces.

With this ventilation system, the analyses of data collected by recording
methanometers (figures 2-4) indicate that the methane concentrations in
the entries inby crosscut 23, 2SEM increased for 24 hours and then
remained relatively constant for the remainder of the test (figures 2,

3, and 4). The highest average methane concentration found (table 4)

- was 0.75 percent in entry 5-betueeh crosscut 39 and 40, and was the location
of a roof layer extending approximately 12-18 inches below the roof line
and the length of entry 5 between crosscht; 39 and 40 (table 4). The
highest average methane concentration detected at any other location was
0t§3 percent at locition Al. —-The mgxim;h methane concentrations measured
wifh handheld methane—detectors in the deadend faces of 2SEM Just before

the test conciusion was 1.00 percent in entries 1 and 5.
Air Quantities and Methane Concentrations - Test 4

With checks installed in entries 4 and 5 between crosscuts 39 and 40,

25EM, no discernable air movement was observed in the area inby crosscut
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23, 2SEM. The average measured air quantity (71,800 cfm) in the 2LT-
2SEM last open crosscut was not significantly changed by the installation
of checks in entries 4 and 5 immediately inby crosscut 23, 2SEM.

The methane coﬁcentrations in the area inby 2SEM crosscut 23 increased
during this six hour test but did not appear to reach equilibrium
(figures 2, 3, and 4). The maximum methane concentration during this
test was 1.34 percent at location C5 which was also the locition of a
methane roof layer (table 4). The maximum methane concentration at

the other recording methane detectors was 0.46 percent at location C1.
In the deadend faces of 2SEM immediately before the test conclusion, the
maximum methane concentration, measured with a handheld detector was
1.40 percent in entry 5. The results of calculations based on data
collected by the methane recorders in the last open crosscut of 2LT-2SEM
and 2SEM while the 2SEM area was being cleared of methane indicate that
approximately 7,000 cubic feet of methane accumulated in the area inby

crosscut 23, 2SEM, during the tests.

/s/ J. L. Banfield, Jr. /s/ S. M. Hoover
/s/ R. A. Haney /s/ H. Schade
Approved:

J. W. Stevenson, Chier,
Ventilation Branch



MESA Personnel Participating in Ventilation Test

James D. Michael

Ray Ross

Douglas Fleming
Joseph R. Tankersley
Reed Kiser

Robert Sturgili

Raymond Strahin
Arthur Cross

Ely Smith

Arlie A. Webb
Ronnie J. Deaton

Paul Componation
Allen J. Grose
Robert L. Fleming
Carlos Smith

James L. Banfield, Jr.

Robert A. Haney
Stanley M. Hoover
Herman Schade
Joseph W. Nugent
John E. Urosek

Coal Mine Safety Specialist
Supervisory Mining Engineer
Coal Mine Inspector
Coal Mine Inspector
Coal Mine Inspector
Coal Mine Inspector

Coal Mine Inspector
Coal Mine Inspector
Coal Mine Inspector
Mining Engineering Technician
Mining Engineering Technician

Supervisory Mine Technical Spec. (Ventilation:
Coal Mine Inspector
Coal Mine Inspector
Coal Mine Inspector

Mining Engineer

Mining Engineer

Mining Engineer

Mining Engineering Technician

Mining Engineering Technician (Student Assista
Student Trainee (Engineering)
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Uhited States Department of the Interior

MINING ENFORCEMENT AND SAFETY ADMINISTRATION

4800 FORBES AVENUE
PITTSBURGH, PENNSYLVANIA 15218
L

Jun 27 9N

~Memorandum _
To: Acting Assistant Administrator--Coal Mine Health and Safety
Through: Assistant'ldﬁinistratot-rechnical Supp0f7ﬁ\
From: Achdef, Approval and Certification Center ﬂbﬁ ‘

Subject: Evaluation of the ignition capabilities of a Wise Industries
Deluge Systenm consisting of two Globe Gel Cel batteries,
GC680 (Item No. 73), a control box (Item No. 79), and a
Gould Type M4 solenoid valve (Item No. 97), from the Scotia
Mine investigation

The subject articles were received for evaluation by the Intrinsié
Safety and Instrumentation Branch of the Electrical Division of the

Photographs were taken to show the condition of the deluge system
components as received. A brief description of the features of each
photograph follows:

Photographs Description
H 98542-P Exterior of the deluge system

control box

H 98555-Pp Interior of the deluge system
control box

H 98544-P . Deluge system batteries, terminals
were taped before these batteries
were removed from the mine

H 98543~P Deluge system water solenoid valve
with #22 AWG steel wire used in
spark tests

H 98549-P Spark test apparatus contact
arrangement
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An initial visual examination was made of all components in an effort
to locate any possible sources of thermal ignition. There was no
evidence of excessive heat or burning of any particular component.

A thick layer of dust blanketing all parts precluded any definite
determination of ignition points based on a visual inspection.
Similarly, a visual inspection gave no conclusive evidence of
electrical shorting within the items.

An evaluation of the circuit diagram indicated that an incendive
spark could be produced by an intermittent short on the heat sensor
line or a break of the valve line. The heat sensor line is
constantly energized but the valve coil line is only energized when
the heat sensor line is shorted. This actuates a relay and delivers
pover to the solenoid valve line.

The deluge system was incapable of causing ignition when received
because of the discharged state of the batteries.

When a comparison was made between the circuit diagram and the
components of the box, a diode, which was not shown on the schematic
diagram, was found to be connected across the .actuating relay contacts.

Therefore, the conditions required for an ignition to occur as a
result of a fault on the sensor line are:

1. The suppression diode would have to fail in the open condition
(the diode had not shorted).

2. There would have to be an intermittent gshort on the line.

3. The short would have to be in the presence of an explosive
atmosphere.

4, The batteries would have to be charged.

An intermittent short on the heat sensor line was tested by shorting
pPairs of wire contacts in an 8.0 to 8.6 percent methane-air mixture.
The batteries were charged before these tests since they were
discharged when received. The test results are summarized below:



Test Sgarking Contacts Sparks Ignition Remarks

1 #30 AWG ,Copper 1 Yes Without Diode
2 #30 AWG Copper 2 Yes Without Diode
3 #22 AWG Steel 3 Yes Without Diode
4 #30 AWG Copper 84 Yes Without Diode
’3 ) #30 AWG Copper 8 Yes Without Diode
6 #22 AWG Steel 10 Yes Without Diode
7 #30 AWG Tungsten with 6000 No With Diode
cadmium disk

These tests show that this diode would prevent an incendive spark
on the sensor line or at the test switch. If the diode had failed
in an open condition, then an intermittent short on the sensor line
could produce an incendive spark. One of the diode leads came off
vhen it was bumped while the circuit was being compared to the
schematic diagram. Thig made it impossible to tell whether the
diode had been making suitable electrical contact with the rest of
the circuit at the time of the explosion.

Test No. 7 was conducted by reconnecting the diode lead which was
disconnected during the circuit comparison.

For ignition as a Tesult-of a break on the solenoid valve line, the
following conditions are needed:

1. The sensor line would have to be shorted or the test switch or
heyt 8ensor would have to pe closed.

2. There would have to be a break or intermittent short on the
valve line. :

3. The break of short would have to occur in the presence of gas
and before the batteries became discharged,

An intermittent ghort on the solenoid line after it was energized
wvas tested by Teconstructing the solenoid line circuit while using

No. 22 AWG steel wires as the sparking contacts, The test results
are summarized below:



Test Inductance in Circuit Sparks Ignition

1 Solenoid valve 2 Yes
2 Solenoid valve 2 Yes
3 Solenoid valve , 1 Yes
4 Belt Drive Relay Coil 4 . Yes
5 Belt Drive Relay Coil 4 Yes

These tests show that an incendive spark could occur if this line
was broken while energized. According to the battery capacity and
Tesistance measurements of the componments on the solenoid line, the
line would contain a hazardous amount of energy for a maximm of
about three hours if the sensor line were continuously shorted.

That is, an incendive spark could occur during that time span if the
line were broken.

Since the deluge system warning alarm was not submitted for testing,
it was excluded from the evaluation.

ekl



United States Department of the Interior

MINING ENFORCEMENT AND SAFETY ADMINISTRATION

4800 FORBES AVENUE
PITTSBURGH, PENNSYLVANIA 15213

JUN 27 €03

Memorandum dé;j
To: Acting Assistant Administrator--Coal Mine Health and Safety/
Through: Assistant administrator--Technical Support

From: Acti&ief, Approval and Certification Center %Eiaﬁ

Subject: Evaluation of the ignition capabilities of three MSA Page
Phones (Item Nos. 74, 75, and 78) from the Scotia Mine
investigation. Item No. 74 bore an approval pilate,
Approval No. 9B-8

The subject articles were received for evaluation by the Intrimsic
Safety and Instrumentatiocn Branch of the Electrical Division of the
Mining Enforcement and Safety Administration Approval and
Certification Center on March 7, 1977.

Photographs were taken to show the external and internal condition
of Items 74 and 75. Since Item 78 was received in two parts, no
photograph of the phone exterior was taken. A brief description of
the features of each photograph follows:

Photograoh ‘ Description

H 98546-P Exterior of Item 74 with page switch toggle
showing.

H 98556~P Interior of Item 74 showing that the page
switch body was separated from the toggle.

H 98550~P Item 74 with components moved to show
broken page switch.

H 98547-P Exterior of Item 75, note absence of page
switch toggle.

H 98554~? : Interior of Item 75.

H 98551~P Interior of Item 75 with transformer panel

removed to show page switch which was
found to be electrically cpen.

E 98545-P Interior of Item 78



Photograph Description
H 98552-P Interior c¢f Item 78 with transformer pamel

removed to show broken page switch.
H 98549-pP Spark test apparatus contact arrangement,

An initial visual examination was made of all components in an effort
to locate any possible sources of thermal ignition. There was no
evidence of excessive heat or burning of any particular component.

A thick layer of dust blanketing all parts precluded any definite
determination of ignition points based on a visual inspection.
Similarly, a visual inspection gave no conclusive evidence of
electrical shorting within the items.

An examination of the pager wiring diagram revealed that an ignitiom
could occur under the following conditions:

1. The batteries must have some remaining capacity.
2. The page switch has to be switched to the page position.
3. There has to be an intermittent short on the page line.

4. There must be an explosive concentration of gas in the vicinity
of the short.

Ignition was noc“possible with the phones as received since the page
switches on all the phonmes had failed in an electrically open

condition. This prevented the application of any voltage to the page:
line.

To simulate the above conditions to perform spark tests, the page
switches were shorted as if permanently held in the page positiom.

The spark tests on the page line were conducted as follows:

1. Strands of No. 30 AWG copper wire were removed from the actual
page line.

2. Single strands of this wire were made to scrape across each other
to create sparks. '

3. The chamber containing these wires was filled with a test gas of
8.0 to 8.6 percent methane-in-air at atmospheric pressure.

4. The paging circuits of each of the phones were reconstructed and
the page line was comnected to the sparking contacts.

5. The page switches were shorted as if permanently held in the page
position,
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6. The first test was performed using the partially charged batteries
from Item 74, as received. No tests Were made with the original
batteries of Items 75 and 78 since these batteries were discharged
when received. New fully charged batteries were used in tests two
through seven.

The results of these tests are summarized below:

Isst  Item  Sparks  Imieton Renmarks
1 74 750 - No Original batteries
2 74 1 Yes New batteries
3 74 1 Yes New batteries
4 75 1 Yes New batteries
5 75 1 Yes New batteries
6 78 1 Yes New batteries
7 78 1l Yes New batteries

Additional tests were conducted to determine if a hazardous amount

of energy might have been Present on the phone line at any time
other than during paging. The page phones submitted for test were
not operational, therefore an identical phone was obtained and
connected to the sparking contacts described above. No ignitioms
occurred when talking into the phone or when the press-to=talk switch

vas repeatedly operated. Approximately 1000 breaks of the page line
were conducted.

A third series of tests was conducted with a continuous short on the

page line, 1Ia this case, a spark would occur at the page switch when
it is thrown.

Only the switch from Item No. 75 contained both contacts, Therefore
this was the only switch tested. Since the other switches were
identical, this test is valid for each of the phemes.

The test was conducted by reconstructing the paging circuit using the
paging coll from Item 75 and manually operating the switch in the
Presence of the same test gas mixture as above. The test gas was
directed to flow directly onto the sparking switch contacts. Over
2000 sparks were produced and no ignition of the test gas occurred.



The only other possible source of an incendive spark in the page
phonea would be a shorting of the battery leads. These wires were
well insulated, and firmly connected to a terminal strip. There
was no evidence of a short occurring om these wires.

 Cd il for

onald W. Mitchell



United States Department of the Interior

MINING ENFORCEMENT AND SAFETY ADMINISTRATION

4800 FORBES AVENUE
PITTSBURGH, PENNSYLVANIA 15218

July 8, 1977
Memorandum
To: James D. Michael, Coal Mine Safety Specialist, Coal Mine
Health and Safety, Arlingtonm, Virginia
From: Chief, Industrial Safety Branch, Division of Safe:y

Technology, Pittsburgh Technical Support Center
Chemical Engineer, Industrial Safety Branch, Division of
Safecy Technology, Pittsburgh Technical Support Center

Subject: Potential gas ignition source in Scotia Mine Explosion -
simulated rock fall on roof bolter

Introduction

During post-explosion investigations in the Scotia Mine, a large slab of
rock was found on the top surface of a roof bolter in No. 2 Entry of No.
2 Left Panel off 2 Southeast Mains as shown in Figure 2. It was spec-
ulated that this rock may have generated sufficient frictional heat
energy during its fall to ignite an explosive methane-air mixture.
Evidence collected and observed during the investigation indicated that
the second explosion may have originated in the No. 2 Left Panel.

Test Procedure

At a meeting of the Scotia investigating teams and Coal Mine Health and,
Safety officials at the MESA Academy on March 16, 1977, it was decided
that tests be conducted on the roof bolter to determine the potential of
frictional gas ignitions. The roof bolter, rock slab and miscellaneous
materials were transported to the Mine Simulation Complex at the Bruceton
Station om May 24, 1977. The bolter was positioned in the modified gas
ignition chamber for the proposed drop tests. A 1200 cubic-foot segment
of the gallery, (20' long, 10' wide, 6' high) was partioned off for the
tests. Over 100 square feet of veatr opening was covered with poly-
ethylene film to confine the gas-air mixture in the chamber and provide
relief from explosion pressures. 1In all tests the chamber contained
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approximately 7 percent methane. Experimental data has shown that this
concentration requires the least amount of energy for ignition. Homo~
geneity of the mixture was attained by fan circulation with continuous
sampling and analysis at three separate locations by infrared devices.

The general size and shape of the rock is shown in Figure 1. The rock
appeared to be of a gray fine-grained composition and strongly resembled
shale. By water displacement techniques the rock density approximated
168 pounds per cubic foot and weighed between 800 and 900 pounds. It
was drilled and fitted with an eyebolt anchored with roof-bolt resin,
also shown in Figure 1. ' The eyebolt was anchored at the approximate
center of gravity of the rock. After orientation of the rock with the
bolter canopy framing, according to the schematic diagram provided by
Gary Perry, Coal Mine Inspector (Figure 2), a 3-inch conduit with
flange was installed in the chamber roof. A one quarter-inch steel
cable was fastened to the eyebolt, threaded up through the conduit to a
hydraulic release mechanism which was attached to the boom of an 8~ton
crane. This arrangement, along with continuous monitoring of the
methane-air mixture, enabled repeated drops of the rock in the same gas
body without purging between successive tests. A color TV camera
arrangement was set up to monitor and record all tests on video tape for
subsequent viewing and general review.

Test Results and Conclusions

Figure 2 shows the original and final location of the rock with respect
to the position of the roof bolter. Prior to the five initial drop
tests, the bolter was stripped of roof bolts, roof bolt plates, roof
jacks and drill steel. No ignitions occurred in this series of tests
nor were sparks observed. Breaking of the rock at the outer edges
reduced its size by about 40 percent. The second series of S drops were
made with the above hardware positioned beneath the rock. Again, no
ignitions nor sparking occurred and the rock was completely broken up
which precluded additiomal drop tests. After each series of 5 drops,
the methane~air mixture within the chamber was ignited with a remotely
actuated electric match to verify the presence of an explosive mixture.

Table 1 gives the results of both series of drop tests. Although igni-
tions in this manner were not obtained, the evidence is not conlcusive.
Previous experimental studies indicate that mechanical energy produced

between contact of sliding or impacting surfaces must be concentrated
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in a small enough area such that when converted to heat energy, sufficient
temperatures are attained to cause ignition.! Other studies have shown

that ignitioas were obtained by rubbing friction between shale and roof
bolt steel surfaccs.2

Wy

Edward M. Kawenski

Hiram Q. dunil

Steven J. Luzik .

lBurgess, J. J., R. V. Wheeler. Ignition of Firedamp by the Heat of
Impact of Rocks, SMRE Paper No. 46, 1928

ZNagy, John, E. M. Kawenski. Frictional Ignition of Gas During a
Roof Fall, U. S. Bureau of Mines Report of Investigatons 5548, 1960

Enclosures



SHALE ROCK DETAILS

|

EYEBOLT FOR

2nd SERIES
Ist SERIES

AVG. THICKNESS ¥ 6"
DENSITY ¥ |68 Ib/ftd
WT. ¥ 800 -900 ibs

FIGURE |
SCALE _3/4"=|'
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TABLE 1. - Results of Shale Rock Drop Tests

Series 1 Date: 6/08/77 Temp. 65° F R.H.=35%
TEST PERCENT CH4 COMMENTS
1 7.2 no ignition
2 7.1 no ignition
2 7.1 no ignition
4 7.0 no ignition
5 6.9 no ignition
6 6.9 ignition
with match
head
Series 2 Date: 6/14/77 Temp. 75° F  R.H.=75%
TEST PERCENT CH4 COMMENTS

1 7.1 no ignition
2 7.1 no ignition
3 7.1 no ignition
4 7.1 no ignition
5 7.1 no ignition
6 7.1 ignition
with match

head



United States Department of the Interior

MINING ENFORCEMENT AND SAFETY ADMINISTRATION

4800 FORBES AVENUE
PITTSBURGH, PENNSYLVANIA 15213

JUL 21 tor7

Memorandum
~ To: Acting Assistant Administrator--Coal Mine Health and Safety

Through: Assistant Administr¥acor—-Technical Support"csa

From: Chief, Approval and Certification Center

Subject: Evaluation of the ignition capabilities of a DC motor used to
drive an air compressor and a pressure switch, UL tag number
Al63 from the Scctia Mine investigation

The subject articles were received for evaluation by the Electrical

Testing Group, Division of Electrical Equipment of the Approval and
Certification Center on May 31, 1977

Two sets of photographs were taken to show the components as received
and as set up for testing in the explosion-test chamber. Brief
descriptions of the features of each photograph are as follows:

Photograph Description
H-98574~P Cable entry side of Scotia

motor with pressure switch

B-98573-P Pulley end of Scotia motor with
Furnas Electric, Catalog 69HA2
Pressure Switch

H-98575-P Side opposite cable entry,

Scotia motor
B-98576-P Commutator end, Scotia motor
H~-98640-P Scotia motor rigged for explosion

tests while driving Gemeral
Electric motor Model 5BT2376Cl6

H-98642-P Scotia motor .coupled to
General Electric motpr in
gallery for explosion test



Photograph Description

BE-98644~P Scotia motor coupled to
General Electric motor in
gallery

B-98641~P Scotia motor, General Electric

motor, pressure switch after
gallery explosion

H-98645-P Rear of gallery (raised) with
paper heads ruptured as a
result of explosion

The Scotia motor and pressure switch as received at the Approval and
Certification Center laboratory were determined upon visual inspection
not to meet the design and construction requirements of 30 CFR, Part 18.
The motor had clear openings at the commutator end and at the wiring
entry, and a generally dirty and much used appearance. The wiring was
frayed and marginally serviceable. The pressure switch also showed
evidence of much use and had the same frayed wiring condition as the
motor. There was no visual evidence that the components were involved
in an explosion in that there were no signs of excessive heat or burning.

On June 6, 1977, Thomas E. Scholl, Electrical Engineer, was assigned
by Robert E. Marshall, Chief, Division of Electrical Equipment,
Approval and Certification Center, Pittsburgh, Pennsylvania, to conduct
tests on a motor and pressure switch removed from the Scotia

Mine. Assisted by W. F. Radi, Jr., and W. H. Gilbert, Laboratory
Technicians, Electrical Division, Approval and Certification Center,
test procedures were determined. The purpose of the tests were to

determine whether or not the Scotia motor would ignite an explosive
mixture of methane in air.

The Scotia motor has no identifying markings, but from observation and
information from R. L. Reynolds, Chief, Mine Electrical Systems Group,
-Pitcsburgh Technical Support Center, it was concluded that the motor
was a compound wound DC motor, 1-HP, 96=-volts, used to drive am air
compressor (not furnished for tests). The motor was an open type and,

- obviously, not Mining Enforcement and Safety Administration certified
as explosion-proof.

The pressure switch used as a control was a Furnas Electric Company,
Batavia, Illinois, Catalog 69HA2 Switch rated 2-HP, 115-230 volt, DC.
It had a UL tag number A163. The switch was housed in a case .
constructed of 1/32" thick steel sheet, had two clear openings to the

outside where the wiring entered, and, obviously, was not MESA
certified.
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The first series of tests were made with no load on the motor and wired
per Figure 1. The gallery was charged with an 8.6% methane-mixture and
the motor was started and stopped four times. The running times were 2,
1-1/2, 1/2, and 2~1/4 minutes. The current was 2.4 amps, 96 volts, DC
with an in-rush current of 30 amps. No arcing was observed at the brushes
and no ignition occurred. On the basis of the results of the first series
of tests, it was proposed that the motor should be loaded to better
simulate actual mine operating conditions. A second series of tests
with the motor loaded was begun.

The second series of tests wired per Figure 2, included a General Electric
motor, series wound, 20-HP, Model 5BT2376Cl6. This motor had successfully
passed MESA explosion test requirements and was in the process of being
certified. General Electric's permission was requested and granted to
use the motor for our tests. The General Electric motor was coupled

to _the Scotia motor and the inertia load at the rotor of the General
Electric motor increased the load on the Scotia motor to 7.5 amps at

96 volts DC. No electrical emergy was applied to the Ceneral Electric
motor. Four start-stop tests in an 8.6% methane-air mixture were
conducted under the above conditions and no ignitiom occurred.

In an effort to increase the load, a third series of tests wired per
Figure 3, was begun with the field of the General Electric motor
energized with a General Electric FWL-520-54-5 motor-gemerator buck
boost set in series with a l-ohm, 500 watt resistor (ochmite No. 0650) .
The General Electric motor with its field énergized was now acting as a
generator. The load current increased to 10-amps, 96-volts, DC. Four
start—-stop tests in an 8.62 methane-air mixture were conducted and no
ignictions occurred... It was suggested that the l-ohm resistor used to measure
current in series Wwith the Scotia motor power leads was limiting the
in-rush current. This resistor was.then shorted out and four more tests
in an 8.6Z methane mixture were made. The in-rush current increased from
30 amperes to approximately 37 amperes, however, no ignition occurred.
The l-ohm resistor was removed and a DC ammeter was installed to measure
the Scotia motor current. Additional tests with the ammeter in the
circuit failed to cause an ignition. Present for the second series of
tests were: R. L. Reynolds, Mine Electrical Systems, Pittsburgh
Technical Support; R. E. Marshall, Chief, Division of Electrical
Equipment, Approval and Certification Center; C. Lester, Coal Mine
Safety Specialist; F. R. Lee, Staff Engineer, Approval and Certification
Center; T. E. Scholl, Electrical Engineer, Approval and Certification
Center; W. H. Savatt, W. F. Radi, W. H. Gilbert, Engineering Technicians,
Division of Electrical Equipment, Approval and Certification Center.

All witnesses were MESA personnel.

Rather than radically overload the Scotia motor to attempt an ignition,
it was decided that adding the pressure switch to the set-yp would be
a more likely source of ignitiom.
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The pressure switch was added per Figure 4. During dry run tests arcing
wvas easily detected at the contacts of the pressure switch when opened
under load. Although an ignition was readily predictable, a test in

a 72 methane-air mixture was made and an ignition occurred on the first
energization of the motor. No further tests were made. Considering

the obvious arcing the Scotia motor current was reduced to 7.5 amps

at 90 volts DC for the above test. 4(/,

onald W, Mitchell

Enclosures



First Series

Figure 1
RPM = 2250
I= 2,4 Amps
o~ V = 96 Volts
{K!E,-] In Rush = 30 Amps
s S PYYYN

Scotia
500 Watt Motor

:

Scotia Motor - No Nameplate

Determined to be Compound Wound

1-HP, 96 Volts, D.C.

Vo - used to measure
current



Second Series

Figure 2

<=!'; Mechanical

i Coupling
P . | —
" @ 1500 Ware Seotia o ‘ c 3
- P £ 55N - ' MQEIII , MO or .

X 1 500 Watt(
RPM = 1800 _ i Load Resistor

ok
I = 7.5 Anps N i Motor ;
V = 96 Volts Generator

In Rush = 30 Amps
In Rush = 37 Amps with Va short circuited
Scotia Motor - See Figure 1
General Electric Motor - Series Wound
20 HP, Model S5BT2376C16

Load Resistor - Ohmite No. 0650

Note - Motor Generator not energized.



Third Series

Figure 3

moved and replaced with ammeter

ee Figure 1
Scoti i
cotia » GE . See Figure
Motor e Motor Z
H []
|
RPM = 1800 !
1 /L 500 Wact
I =10 Amps
V = 96 Volts ‘ GE . See Figure 2
! Motor i
In Rush = 37 Amps —Generator

GE Motor 20-Amps, 6.5 Volts (Generator Action)



Fourth Series

Figgre 4

Pressure Switch
130 PSI to Open

Machanical
Coupling

~ = \L
' é—’;\)- et =1 r'__‘_ ms:g:ia N7 m— GE
) l — Motor
S#;_;g;. 1 S;e é:;. 2

RPM = 1800 -

I = 7.5 Amperes
V = 90 Volts D.C.

Gallery ignited (7% mixture) -from
spark at pressure switch upon
opening.contacts under load

—

Pressuré-Switch --Furnaé Electric Co., Batavia, Illinois,
Catalog 69HA2, rated 2 HP-115-230-volts D.C.



Appendix M-6

COMPANY NAME _Scotia Coal Company
MINE NAME/NO. Scotia DATE __ 4-13-76

LOCATION Ovenfork, Letcher Count
MINE I.D.7NO. 15-02055

_ TESTING OF HIGH VOLTAGE CIRCUIT BREAKERS
Transformers - MFG Westinghouse KVA Three 1250 KVA Units

Connections - Primary Delta Secondary WYE
Voltage - Primary 12,470 Secondary

A11 frames in enclosure grounded to: Power Company
4th wire no Ground Field _ yes
Note: Resistance of field
wasn't checked.
Circuit breaker - MFG General Electric Type or Model FKD -

0i1 Blast Circuit Breaker 14.4 - 250 - 3
Continuous Rating — 600 Amps Interupting Rating 10,000 Amps

at 14,400 volits

Overcurrent relays - MFG _General Electric Type IAC, Over-

current -
@round -
Tap setting as found (a) Tap 8 (b) _Tap 8 (c) __none
As left (ag " same (b) same (¢) --
C.T. Ratio 40:1
Long Time Delay ‘
Current (a) (b) (c)
Time  (a) (b) (c)

Short Time Delay
Current (a) 960 amps (b) 960 amps (c)
Time (a) 1 sec. (b) 1 sec. (c)

Instantaneous
Current 1200 amps
Time less than one second

Type of ground fault protection. current transformer
Residual Direct GE - type JKW - 4
Balanced flux Potential

C. T. Ratio 40:5 Pt. ratio




Ground resistor - MFG Ensign Rating 25 amps

Fail Safe ground check monitor

MFG Ensign
Maximum allowable ohms to trip 4 ohms —
Actual ohms to trip : 2.2 ohms
Under voltage - % to trip -4
Ground field resistance 5 _ohms

REMARKS Ground Trip Relay

Tap setting - 2.0 Pickup - (2.0) x (40.5) = 16 amps

Time dial setting - 2.5

Note: Relay tripped breaker in 62.5 seconds at

pickup.

Rélax tripped breaker in 7.0 seconds at

25 amps.

At the request of the company no adjustments were made to the
electrical equipment tested.

The resistance of the station ground field was not measured
due to the possibility of causing electrical potentials on

the borehole casing which extends into the possibly explosive

mine atmosphere.

SIGNATURE




Appendix M-7

EMCO Belt Power Center Data

Location -- 180 crosscut
Manufacturer -- EMCO
Serial No. -- 503-300P-1
300 KVvA
Transformer Connections -- AY, resistance grounded secondary.
Ohmic value of grounding resistor --
- 19.5 ohms.
Primary Fuses -- 50 amp oil fused cutouts
High-Voltage Monitor Circuit -- Feedthrough from previous cir-

cuit, looped externally
High-Voltage Couplers

" -a. Feedthrough: Yes X No

b. Incoming: Connected X Disconnected

c. Outgoing: Connected X Disconnected
Frame grounded to track: Yes No X

Couplers, Low-Voltage
Ckt. #1. Belt Drive 1: _Connected X Disconnected
Ckt. #2. Belt Drive 2: Connected ~— X  Disconnected
Ckt. #3. Spare (Pump): Connected Disconnected X

Monitors, Low-Voltage
Ckt. #1. Manufacturer -- EMCO (autotransformer added)

Ohms to Trip ~- 2.2 ohms .
Ckt. #2. Manufacturer -- EMCO B
Ohms to Trip -- Would not trip with 55 ohms inserted
- in pilot.

- - __Would trip when pilot was opened.
- Ckt. #3. Manufacturer --- EMCO - ,
Ohms to Trip -- Would not trip with 55 ohms inserted
in pilot.
Would trip when pilot was opened.
Low-Voltage Molded Case Circuit Breakers
Ckt, #1. Manufacturer -- General Electric
Catalog # -- TJK-436F000
Undervoltage Release: Yes X No .
a. Nominal Voltage -- 120 volts
b. Dropout Voltage -- 60 volts
¢. .Percent Nominal -- 50 percent
Instantaneous Setting -- (1200 - 4000 range ) set
on 4000
Ckt. #2. Manufacturer -- General Electric
Catalog # -- TFK-236T225
Undervoltage Release: Yes X No
a. Nominal Voltage -- 120 volts




b. Dropout Voltage -- N/A (UV tripping mechanism
was inoperative?
Percent Nominal -- N/A (UV tripping mechanism
was 1noperativeg
Instantaneous Setting -- §%gg° - 2250 range) set on
Ckt. #3. Manufacturer -- General Electric
Catalog # -- TEK=-236T225

c.

Undervoltage Release:
a. Nominal Voltage
b. Dropout Voltage
¢c. Percent Nominal

Instantaneous Setting

Ground Fault Protection
Ckt, #1. Relay operated at 3.9
Ckt. #2. Relay operated at 3.5
Ckt. #3. Relay operated at 6.2

Yes X

-~ 120 volits

-- Not recorded

-= Not recorded

-- (1000 - 2250 range) set on
2250 .

No

amp
amp
amp

(T T
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Appendix M-9
MINE ELECTRICAL SYSTEMS BRANCH

PITTSBURGH TECHNICAL SUPPORT CENTER
Location: Scotia Mine, Blue Diamond Mining Co., Oven Fork, Ky.
Investigative Report No. C042877
Investigator: William J. Helfrich

Subject: Scotia Mine Power System Investigation

This report details tests made to the 7.2 kV power system which supplies
pover to the Scotia Mine of the Blue Diamond Mining Co., Oven Fork, Ky.
Those participating in the tests were George Fesak, MESA, Arlington, Va.;
Cecil Lester, Aaron Jones, and Ralph Rinehart, MESA, Beckley, W. Va.;
Andy Lycans, MESA, Pikeville, Ky.; Richard Reynolds and William Belfrich,
MESA, Pittsburgh, Pa.; and Bo Simpson, Scotia Mine, Oven Fork, Ky.

The intent of the tests were to determine the reason for the 7.2 kV oil
breaker being tripped after each explosion at the mine. One theory for
the breaker being tripped was that during the fault the ground and
monitor wires had a current induced into it out of phase by 180° with the
monitor current. This would cause the monitor relay to drop out, tripping
the 7.2 kV oil breaker.

The procedure for testing the system was to fault each phase of the 7.2 kV
feeding the mine from phase to ground through a 25-amp fuse. During the
faulting of the system, various parameters of the system would be monitored
with high speed recording equipment. The various parameters to be monitored
were to be ground field current, ground wire monitor current, ground wire
current, ground monitor wire to ground wire voltage, ground monitor relay
coil voltage, ground monitor relay contacts, and two 7.2 kV phase currents..

The calibration on the recordings is as follows:

Channel #1 - Ground Field Curremt: 1.13 inches P-P = 25 amps.
Channel #2 - Monitor Current: 5 volts/inch.

Channel {3 - Ground Wire Current: 1.13 inches P-P = 25 amps.
Channel #4 - Ground Monitor to Ground Volts: 100 volts/inch.
Channel #5 - Ground Monitor Relay Coil Volts: 500 volts/inch.
Channel #€ - Monitor Relay Contact Volts: 500 volts/inch.
Channel #7 - Phase Curremt: 1.13 inches P-P = 40 amps.
Channel #9 - Phase Current: 1.13 inches P-P = 40 amps.

Channel #1 and #3 currents were measured using Gould current transformers
with a 1 volt = 25-amp calibration. Channel #7 and #9 phase currents

vere measured off a 0.l-ohm resistor in series with 40:1 current transformer:
therefore, a l-volt signal would equal 400 amps.

High-Voltage Distribution Tests



Attached is a recording showing the different parameters which were
recorded. This recording shows the time period before the phase to ground
fault and after the phase to ground fault. As can be seen from this
recording, no current was induced into the ground wire to cause the ground
wire monitor relay to drop out. During the course of this investigatiom,
it was found that the 13.8 kV recloser feeding this substation did trip
before the 7.2 kV oil circuit breaker tripped, which feeds the mine. This
would explain why the "Y" boxes and the 7.2 kV oil circuit breaker were
tripped after each explosion.

Equipment Used

Honeywell Visicorder
Model 1858
Frequency response dc to 5,000 Hz.

Gould High Voltage Amplifiers
Model 134215 92
Frequency response dec to 20.000 Hz.
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United States Department of the Interior

MINING ENFORCEMENT AND SAFETY ADMINISTRATION

4800 FORBES AVENUE
PITTSBURGH, PENNSYLVANIA 15218

July 12, 1977
Memorandum

To:. - James D. Michael, Coal Mine Safety Specialist, Coal Mine
Health and Safety, Arlington, Virginia

From: Chief, Industrial Safety Branch, Division of Safety
Technology, Pittsburgh Technical Support Center
Chemical Engineer, Industrial Safety Branch, Division of
Safety Technolegy, Pittsburgh Technical Support Center

Subject: Deformation ‘of dust collector box on Scotia Mine roof bolter
from explosion pressures

Introduction

and the box had been deformed and damaged by explosion pressures gener-
ated during the disaster occurring in March 1976. The dust box had
deformed by implosion pressures and studies were proposed to determine
and/or estimate the. maximum forces imposed on the box by surface gallary

Test Procedures

Figure 1 is a sketch of the box and shows the deformation of the base
and ends of the enclosure. Prior to testing, the box was straightened
and returned as near as possible to its original configuration and
fitted with a gasketed 1/4-inch steel cover plate to provide a seal.

The 64 cubic-foot steel gallery, designed to withstand pressures to 40
psi, was modified to accomodate methane-air ignition. Gas inlet and
sampling lines were installed in one chamber wall and a small fan was
anchored inside to provide a homogeneous gas-air mixture. Adjustable
steel plates were fabricated om a wall for the purpose of providing
variable vent size openings. The main hinged door was gasketed and
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2

attached with special shear-type brass bolts to offer protection against
development of excessive pressures. The dust collection box was bolted
securely to an interior wall of the gallery. :

Methane mixtures, a 9.4 percent concentration, was used in all tests and
the vent opening was utilized to control the magnitude of explosion
pressures. Gas was ignited by a remotely actuated electric match
located near the center of the chamber. Two 60 psi range pressure
transducers measured pressure buildup within the gallery. The dust box
was examined after each test and damage was noted prior to restraight-
ening the box for additional tests.

During final tests, both sealed and unsealed empty ome-gallon cans were
placed inside the gallery with the dust box. The cans were introduced
into the ‘test chamber to observe possible implosion and explosion
effects on capped and uncapped containers.

Conclusions

Since the gallery was designed for pressures not exceeding 40 psi,
additional testing was not performed at higher pressures. Tests indi-
cate that the dust collection box had been subjected to pressures of at
least 30 psi as judged by the relative deformation of the enclosure.
Information obtained on the change in volume of the cans indicate only
reduction in volume for the capped units and an increase in volume for
the uncapped cans. These data are given in Tables 1 and 2.

G 10 Lopsk

Edward M. Kawenski
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United States Department of the Interior

GEOLOGICAL SURVEY
RESTON, VIRGINIA 22092

June 27, 1977

Mr, John Nagy

Mine Enforcement and Safety Administration
400 Forbes Avenue

Pittsburgh, Pa. 15213

Dear John:

Here is Dick Volckmann's report on his examination of the samples
from the Scotia Mine. I think he has done a commendable job and
I hope that it meets your need, Please feel free to contact
either Dick or me if we can be of further help.

Sincerely yours,

/ a,c/-'-’/
John [C. Reed, Jr., Chief

Office of Environmental Geology
{ /

Enclosure ~




Appendix M-11

Analysis of Rock Specimens from
the Scotia Mine, Scotia Coal COmpahy,
Letcher County, Kentucky

Jl by R. P. Volckmann

Introduction

The report is in response to a request from the Mining Enforcement
and Safety Administration (MESA) for detailed analyses of 4 suite of nine
rock samples taken from the Scotia Coal_MTne, Letcher County, Kentucky -
the site of two explosions in March, 1975. The samples (Table 1) were
coTlected in March, 1977, following recovery of the mine in 1976. Collec-
tions were madé by Michael é§1iot-;hd John Nagy of MESA in areas of the
mine designated 2- Southeast and 2- Left Sectipn of 2- Southeast.

The specimens are from the roof and from slabs fallen from the roof
above the Imboden coal bed within the Breathitt Format1on of Pennsylvanian
age. The rock-types are generally siltstone, silty-shale and sandstone.

Included in the report are the results of petrographic (Table 2) and
X-ray anélyses (Table 3) of all nine samples. Chemical analyses (rapid
rock analysis (Table 4) and semiquantitative spectographic analysis (Table
5)) were made on samples 1, 4, and 5. Petrographic studies were done by
the writer. X-ray data was provided by Melodie Hess and Janet_Hoffman,

JJ Abstract prepared by MESA; full report is available from the Administrator,
Mining Enforcement and Safety Administration



and chemical analyses were made by the Branch of Analytical Laboratories,
U. S. Geological Survey.
Petrographic Analyses

Detailed petrographic aqglx;es were made on thin sections of each
of nine samples. Grain size determinations were based on measurements
of long dimensions of detrital quartz grains. Mineral percentages
were determined from point counts. These may be viewed as typical
percentages, but not absolute percentages, as the composition and tex-
ture of the rocks vary both laterally and vertically. Where indicated,
quartz can be assumed to be detrital unless further qualified, such as
silica cement.‘etc. Except as noted muscovite and sericite are treated
together as it generally is not possible, in such fine-grained rocks,
to distinguish microscopically between very fine-grained muscovite and
sericite. Many of the descriptions are repetitious as it was thought to
be advantageous to describe each sample separately rather than make a
general statement about the suite as a whole.

Microscopic examination of the thin sections reveals significant
amounts of quartz in each sample but little or no feldspar. However,
X-ray data show from 3 to 7 percent feldspar in the samples. Also, in
some samples, X-ray data show lower quartz percentages than were obtained
by point count. The discrepancies are probably due to inhomogeneity of
the samples which results from lateral compositional variation along
stratigraphic planes, and vertical compositional variation between lamin-
ations such as quartz-rich versus quartz-poor laminations. In.order to
be certain that gquartz was not being misidentified as unudinned feldspar

several of the thin sections were stained for feldspar. The mineral



grains originally identified as quartz remained unstained. It is, there-
fore, considered that the quartz percentages obtained from point counts
are representative for that part of each sample which was thin-sectioned.
Feldspar is undoubtedly present in ali the samples but is probatly repre-
sented in the clay-size matrix. |

Clay minerals could not be identified in thin-section. X-ray data
show that some kaolinite is present in most samples and is included in
the layer silicate percentages. 1In addition, petrographic determination
of siderite probably includes some clay which accounts for part of
difference between X-ray and point count percentage of siderite.

Finally, it should be noted that the point-count percentages include
carbon which, in some samples is a significant constituent. The X-ray
data do not include carbon, thus the percentages of the other constituents
(quartz, layer silicates, feldspar and siderite) are inflated relative
to those percentages obtained by point count.



The following are details of the petrographic analyses of sample No. 1:

Principal components

quartz 48%
muscovite 45%

Accessory components —7%
siderite

epidote
Zircon
carbonaceous material
Quartz grains are angular; many are sliverlike; spehericity is very
low; sorting is poor; average grain size is 15 microns (medium silt); size
range is 2-72 microns (clay-size to very fine éand).
Muscovite flakes show subparallel orientation and are commonly warped
or broken by compaction around quartélgrains.
Siderite occurs as isolated rounded graihs wyich are probably micro-
:oncretions, and as minor dust around quartz grains.
The rock is well indurated due to the combination of poor sorting
and high degree of compaction which results in a fabric of interlocking
quartz and muscovite grains. Chemical cement is absent. Muscovite flakes
and quartz slivers show subparallel orientation but because of the high
degree of induration the rock tends‘to fracture subchoncoidally, without
respect to mineral alignment. A second, less pronounced, subparaliel

alignment of muscovite flakes lies at an angle of about 259 to the bedding.

This alignment is thought to be a tectonically induced foliation.



Table 1. - ROCK SAMPLES FROM SCOTIA MINE, LETCHER COUNTY, KENTUCKY

Specimen Date
Number Collected
1 3/2/77
2 3/22/77
3 3/9/77
4 3/22/77
5 3/22/77
6 3/22/77
7 3/9/77
8 3/22/77
9 3/22/77

Collector

J.

M.

Nagy

Elliot

Nagy

Elliot

Elliot

Elliot

. Nagy

Elliot

. Elliot

Description

from rock on top of roof
bolter, No. 2 entry, 2-Left

Trom roof 24-inches outby
cavity above roof bolter,
No. 2 entry, 2-Left

from roof, near face of
No. 2 entry (straight),
2-Left )

from fall at No. 3 crosscut
outby bolter, No. 2 entry
side, 2-Left

from roof at fall 10-feet
into crosscut, No. 1 entry
side, 2-Left

from fallen material 25-ft.
from face of No. 1 entry,
2-Left

from roof at face of No. 2
entry, 2-Southeast

from fall in No. 4 entry,
outby side, 2-Southeast

from fall in No. 2 entry,
inby side, 2-Southeast




Table 2. - SIMARY OF PETROGRAPHIC CBSERVATIONS REIATIVE TO QUARTZ IN

SAMPLES
Sample Quartz Quartz Grain Size, Microns
Narber Content, % Rance Average
1 48 2-72 15
2 -— — -
3-: - 26 4-24 3
4 43 4-24 14
- S 29 3~58 16
6 15 | 1-35 —
7 46 90-1200 530
8 28 1-140 20
9 63 30-270 153

Table 3. - X-RAY DATA (Normalized for the four components listed;

M- Squartz 8 layer silicate A feldspar & siderite

1 23 68 6 4
2 15 79 5 1
3 21 65 6 8
4 25 61 6 8
5 27 61 7 5
6 9 84 5 2
7 not rnun

8 32 58 7 3
9 53 37 | 3" 7



Table 4. - Rapid rock analyses of samples 1, 4, and 5 from the Scotia
Mine, Letcher County, Kentucky

-1 4 §

$10; 55.7 40.3 . 54.6
A1203 22.4 15.1 18.6
Fez03 1.3 1.0 1.2
Fe0 4.6 19.1 7.8
MgO 2.2 2.0 1.4
Ca0 0.42 0.95 0.60
Na50 0.50 0.28 0.42
K20 4.9 3.3 4.1
H20 + 4.3 3.0 4.0
Ho0 - 0.56 0.44 0.41
| Ti0, 1.0 0.70 0.99
P20g 6.15 019 0.7
Mn0 0.07 0.40 0.18
C0; 1.2 1.8 4.0
s 0.04 0.03 0.04
SUM 99 99 99

Note: Method as described under “"single solution" in USGS Bulletin 1401.



Table 5. - Summary of Emission Spectographic Analyses

Component, % Sample Number
1 4 5

Si 30 14 26
Al 13 4.4 9
Fe 4.6 10.8 6.4
$10, 64 30 55.5
A1203 25 8.4 17
Fe203 | 6.6 15.5 9.1
Mg0 2.2 1.2 2.0



ARMED FORCES INSTITUTE OF PATHOLOGY
WASHINGTON, D.C. 20306

ADORESS RLFLY TO THE Dingen
ATTN: AFIR CPI‘

T January 1977

Mr. Jaseph Cook

Coal Mine Health and Safety

Mining Enforcemeont and
Safety Administration

4015 Wilson Boulevard

Arlington, Virginia 22203

Dear Mr. Cook:

" Enclosed is my report concerning my investigation of the Scotia Mine
explosion. FPlease fecel free to call me if there are any questions
" concerning the report.

In the future if there are other problms r-quiring the services of
a forensic pathologist, please call upon us for help.

- Slncerely yours,

ROBERT L. '1":?0?}:80;, M.z.

Captain, MC, USK

Chairmen, Department of
Forensic Sciences




ARMED FORCES INSTITUTE OF PATHOLOGY
WASHINGTON, D.C. 20308

ADOREES REPLY TO THE Diage
ATTIE AF P CPL

Investigation of Scotia Mine explo§ion vwhich occurred at Scotia No. 1
.Coal Mine, Oven Fork, Kentucky.

At epproximately 0530 hours on 19 November 1976, a team of
approxizately 20 individuals, including the undersigned, entered the
above mentioned coal mine for the purpose of removing the bodies of
11 victims of an explosion vhich occurred om 11 March 19T6. Members
of the team included Dr. John Feegel, a forensic pathologist employed
by the Scotia Mining company, Dr. George Nichols, a foremsic pathologist
employed by the state of Kentucky, Robert E. Barrett, Administrator of
Mining Enforcement and Safety Administration (MESA), Joseph Cook, Coal
Mine Safety Division of MESA, several MESA investigators, individuals
from Kentucky Department of Mines and Minerals, representatives of the
Scotia Mining Ccmpany, Charles Day, coroner having Jurisdiction of the
mine area, geveral funeral directors, and one individual representing
the families of the deceased. The train ride to the area of the mining
disaster took approximately 30 minutes. The team first preliminarily
viewed the bodies and made identification, primarily by the name Plates
attached to the miners' belts, and tagged each body with a name and a
tnmber.. ‘Then: & more Jeteiled exsmination of the bodies-was performed;
and the personal effects were removed from the bodies and Placed within
containers. The coroner was responsible for documenting the perscnal
effects, which later vould be turned over to the families. As the bodies
vere examined in more detail, they vere placed within body bags and
Placed on flat bed cars to be taken by railroad from the mine. The
members of the investigating team and the bodies returned to the surface
betveen 1130 and 1200 hours om 19 November 1976.

Description of the bodies in the mine.

General comment: Examination of the bodies and the area around the bodies
show no evidence that the bodies had been disturbed. All of the bodies show
moderate to marked postmortem decomposition and there is & moderate amount
of grayish-green mold growing on the skin and the victims' clothing.



Genefal statement: Examinatiaﬁ of the victims' skin, hair, and elothing
reveals no evidence of burning.

. Body No. 1 - Identified as Richard Sammons, found at the intersection
{n vhich 2-S.E. intersects with the main passageway. The body is lying on
the right side with the head facing toward the interior of the mine. There
4{gs a heavy beam lying on top of both legs. There is a fracture of both bones
of the left lower leg. There are multiple fractures of the right lower leg
with these involving the femur and both bones of the lower leg. There is
a fracture of the right humerus and a fracture of the left wrist area.

Body No. 2 - Identified as Grover Tussey is found at the intersection
4n wvhich 2-S.E. intersects with the main passageway. The body is lying face
down with the head away from 2-S.E. The face area is lying on a large rock.
There is a massive depressed fracture of the face area. Multiple skull
"fractures are noted with these being primarily in the right parietal and
temporal areas. There are massive fractures and soft tissue hemorrhage of
- both lower legs.

Body No. 3 - Identified as Don Polly found at the intersection of
2-S.E. and the main passageway. The body is lying on the left side wi:h!
head facing the direction of 2-S.E. It is noted that the victim's self res-
cuer 1is open. Within the left temple area there is a laceration measuring
approximately 4 by 2 by ¥ inch. The entire area of the left temple is noted
to be slightly depressed.

. Body No. & — Identified as James-O. Williams is found.withina.train*
car attached to a locomotive on the track within the main passageway. The
body is laying face down with the head turned slightly to the right. The
head is facing toward the interior of the mine. The self rescuer is noted
to have been opened and lying between the legs. After the body is turned
there is néted a portable telephone beneath the body and also a hard hat
beneath the body. There is pressure deformity of the face due to decom-
_position and the body having laid face down for a long period of time. No
obvious injury is ideatified.

Body No 5 - Identified as Monroe Sturgill is found within the main
passageway lyicg by the side of the train car in which body number 4 was
found. The body is laying face down with the head toward the exterior of
the mine. The self rescuer is on the belt and has not been opened. The
face, after the body has been turned, shows pressure deformity due to
postmortem decomposirion and lying in this position for a long period. No
obvious injury is identified.



Body No. 6 - Identified as Glen Barker is found within the main
passageway on the left of the railroad track with ‘left being »
oriented as an individual would be facing toward the interior of the
mine. The body is lying face up with the head being toward the
interior of the mine. It is noted that the third and fourth fingers
of the left hand are missing, but the areas of amputation are noted
to be old and well healed. The face is noted to be slightly bloated
with the eyes being dry and the tongue slightly protruding. The
self rescuer is lying by the victim’s feet and is closed. There is
noted to be no name plate on the victim’s belt and identification is
made by the missing_fingers and recognition by friends. No obvious
injury is identified.

Body No. 7 - Identified as John Heckworth is found lying
between the railroad tracks in the main passageway. The body is
lying face down with the head toward the interior of the mine. The
victim’s self rescuer is between his legs and open. After the body
is turned over, there is pressure deformity of the face due to
postmortem decomposition and the long period of time that the body
had laid in this position. No obvious injury is identified.

Body No. 8 - Identified as James Sturgill is found within the
main passageway just to the left of the railroad tracks with left
having the orientation of the reviewer facing toward the interior of
the mine. The body is lying face down with the head being toward
the interior of the mine but at a slight angle. The self rescuer is
on the belt and is not open. After the body is turned, the face
shows pressure deformity due to the postmortem decomposition and the
long period of time that the body had laid in the face-down
position. No obvious injury is identified.

Body No. 9 - Identified as J. B. Holbrock found within the main
passageway. The body is lying face down with the head being toward
the exterior of the mine. The body is lying on the left railroad
track with left being oriented with the .reviewer facing toward the
interior of the mine. The name plate on the belt has the name L.
Holbrock but the victim was known to have not been wearing his own
miner’s belt. As the body is turned, an open self rescuer is noted
beneath. The face shows pressure deformity due to postmortem
decomposition and the body having laid in this position for a long
period of time. No obvious injury is identified.

Body No. 10 - Identified as Kenneth Kiser is found within the
main passageway. The body is lying face down with the head being
toward the direction of 2-S.E. The victim’s head is lying on the
right rail of the railroad tracks with the right being viewed as the
reviewer faces toward the interior of the mine. A self rescuer is
cpen and lying to the right of the body. After the body is turned
there is pressure deformity of the face due to postmortem
“ecorposition and the long-time position of the body. No obvious
injury is identified.



Body No. 11 - Identified as Don Creech is lying within the maj
passageway. The body is lying face down with the head being towar

the exterior of the mine. The left arm is lying on the left rail ot

the railroad track with left being viewed as a reviewer would face
toward the interior of the mine. After the body is turned it is
noted that the self rescuer is open and within the right hand. No
obvious injury is identified.

Autopsy findings:

X-rays were taken of all of the victims that had autopsies
performed,-and no fractures were identified.

Don Creech, Body No. 11. The autopsy is limited to the chest.
No chest wall injuries are identified. There are apical lung
adhesions bilaterally. The lungs are collapsed except for
adhesions. The trachea is slightly darkened but no definite soot is
identified. Cutting through the pectoral muscle of the chest wall
reveals the muscles to be slightly pink.

John Heckworth, Body No. 7. The autopsy is limited to the
chest organs. No chest wall injuries are identified. The pectoral
muscles are slightly pink. Examination of the lungs reveals them to
be=shrunken, but there are few bullae on the surfaces. The interior
of the trachea is slightly dark, but no definite soot is identified.

- Kenneth Kiser, Body No. 10. Examinmation of the left index
finger reveals.is to be missing and the amputation site is well
healed. No chest injury is identified and the muscles are slightly
pink. _In focal areas there are bilateral adhesions in the left
apex. The mucosa of _the trachea is slightly darkened, but no
definite soot is identified. — Examination of the abdominal cavity
also reveals no evidenee of -injury. -

James Sturgill, Body No. 8. No chest wall injuries are
identified and the pectoral muscles are slightly pink. The lungs
are shrunken and there are slight pleural adhesions in the left
apex. The mucosa of the trachea is slightly darkened, but no

definite soot is identified. Examination of the abdominal cavity
reveals no evidence-of injury. .

J. B. Holbrock, Body No. 9. The autopsy is limited to
examination of the chest organs. No chest wall injuries are
identified. There are a few focal pleural adhesions. The lungs are
retracted. The chest wall muscles are slightly pink.

Monroe Sturgill, Body No. 5. No chest wall injuries are
identified. There is slightly increased anterior-posterior diameter
of the chest, and there are a few pleural adhesions. The muscles of
the chest wall are slightly pink. The lungs are shrunken.
Examination of the abdominal cavity reveals no evidence of injury.



Summary of autopsies. X-rays of all autopsied victims reveals no
fractures. No chest wall injuries are identified. All of the victims-
have shrunken lungs, and this is consistent with postmortem decomposition.
Focal pleural adhesions are noted in all victims. The tracheas of all
victims are slightly darkened, dut this is consistent with postmortem
decorpesition and no definite soot is identified. The muscles of the
chest are slightly pink with this being compatible with carbon monoxide
intoxication, but no definite determination can be made on the muscle
color alone.

Toxicologic studies. Because of the postmorten decomposition, the
muscle tissue removed for toxicologic studies was not suitable for
examination.

Microscopic studies. Studies of microscopic slides prepared from
lung ané trachea tissue removed from the autopsied victims reveals the
~4issue to be too decomposed to make any meaningful interpretatiosm.

~ Copeclusion.

After review of the investigative information concerning the incident,
_examination of the interior of the’'mine, examination of the victims at the -
- scene of the incident and viewing of partial autopsies on six of the victims
it is concluded that victims 1, 2 and 3 died of traumatic injuries as a re-
sult of forces produced by the explosion. Ko traumatic injuries were found
on the bodies of victims 4 - 11, and it is thought that these individuals
died either of suffocation due to lack of oxygen as an aftermath of the ex-
plosion or due to blast injury of the lung caused by the ‘explosion. It is
certainly possible that victims 4 - 11 died due to a combination of both
suffocation and blast injury. It is thought that the victims were either
killed instantly or lived for a very short time following the explosion.

ROBERT L.j’I.HéMPSON, M.;.

Captain, MC, USR
Chairman, Department of
Forensic Sciences
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1. Mumemmmmwmmmm
of&haltﬁmcm&nldmitatzmminhltmdriw
wmit. This is a viclation of Section 75.514.

2. mmzmmzmuninmmmwmm
start coatrols at intervals not exceeding 1000 feet. This is a viola-
tion of Section 75.1403-5(h).

3. The motor circuit entering the splice box on the No. 2 Northeast
Main belt drive motor not enter the metallic splice box through a
Froper fitting., This is a violation of Section 75.515. '

¢."mwmmwmm’mmﬁm
mmmmlwmmwmw.zmmhth-
veyor drive unit. This is a violation of Section 75.518.

S. mwmmmmmmm
the l-horsepower pump motor located in No. 167 cxosscut and for the

-_;l;. 10 cable supplying power to the motor. This is a viclation of Section
.518.

&a;:mmmwggmm@mmmtyof

groanding conductor mmwtamﬁngm
to the 440~volt pump at No. 167 crosscut. This is a violation of Section
75.902.

7._mm£mdmwée1mpmmm
m.'lamwummmm&mmmm
a proper fitting. This is a viclation of Section 75.515.

8. mmdwmmdbem]&to&aamemlmﬂn
mmmmammﬁmmmmmm
at the mouth of Nartheast Main. This is a violation of Section 75.517.

9. mm&h@r@lmmhmmmﬁrtbm
mmmmtmmmmnsooomsmmmofan

energized 7200~volt circuit., This is a viclation of Section 75.804 (b).

10. The metallic was not replaced in a gplice in a high-woltage
s LI BT R e e e
75.804 (b) .



Appendix O contimmed

u.mmwesmthemsigaw'-hmwmm 182 crosscut were
not marked for identification. nﬂ.sisa\d.clatimafSecﬂmﬁ.aos.

'B.mdimnacﬁngmwuinﬁumnemw%bmlmatﬁn
mthofthezrefhsectimmemmﬂ:edfnridmtiﬁadm. This is
a violation of Section 75.809.

14.1&2high~volhgeca:pla£mtblcadendofthe'!'~h&inm. 182
mmmm&ds:h:smmtbnmmmny

B.wmmummmmmmmmﬁmty
cfﬂ:emﬂimmtmmthemimm&dhigh-wltage
ci.rmitsattaﬁing&mthe "Y"-baxinNo.J.BZc:mssa:t. This is a viola-
tien of Section 75.803. _ .

grounded
d_*a:i&m::gfrmthe "!'-ba:atZIeftmNorl:!mseMn. This
&BaviolatimofSecdm 75.803.

17.naestaﬁa:ddrivestmttlecar,8cia1!b. 702,in21efto£f250m:h-
ast&hmmtwmmmﬂm. This is a vipla-

2 some Spare roof-tolting machine, Galis Model 320, in the 2 Laft off

ZSoutheastMainmsnoﬁ'uaintainediapmssiblecmditim. This is
a viclation of Section 75.503.

19. a splice in the cableoft!‘esw:da:ddriveslut:ue
car, Sernlmbg?mz, locatedix?giumleftoffzmstminns improperly
made. This is a vioclation of Section 75.603.

20.Atzrpcra:yspliceinthecmtinmsminingmdﬁnemmngcable
was improperly made. This is a violatien of Section 75.603.

i contdrmi ty
dﬂ?immqmﬂeba intheresisfancein grounded 440-wolt circuit
supl power to ttery charger Sa:uaeastuainth:eemsscm
inby Nartheast Main, m.s;isaviolaﬂmOfSecdm‘ls.'soz.

This is a violatien of Section 75.518.

2
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24. Exresgive levels of alternating current existed between the frames

of the cpposite standard shuttle car, serial No. 130, and the Lee~Norse
contimous mining machine in 2 Left section off 2 Southeast Main in that
14ommummmmao.1mmmm
thamchinaframesuhﬂathaaln:ﬂemmmbeinqm. This
is a vioclation of Section 75.524.

25. Appraximately ane-half box of explosives was stored in the
container in the No: 169 crosscut, left Panel, Northeast Main, This
is a violation of Section 75.1308.

zs.mmamemtmmmmm

No. 157 cxvsscut, Right Panel, Southeast Main. This is a violation of
Section 75.1306. .

n.wmammmmmammmmmm. 4
entry, Left Panel, South Main, between the Nos. 109 and 110 czosscuts.
This is a viclation of Section 75.1306.

28. Detericrated explosives app:admbelyme-hilfha: and cne box of
‘m,mmm&emmm'mm
mtheiariginaintbez stopping m:nbmﬁmgbt

cntainer near a- 1-. off Northeast
Main. This is a viclation of Section 75.1306.

29. Approximately 25 sticks of detericrated explosives wore stored in the
criginal container 75 feet inby survey station 9119 in 2 Ieft off North-
east Main. This is a viclation of Section 75.1306.

30. One bax of explosives was stored in the ariginal container in the
No. 194msaaxtmﬂmdmtely508ﬁdcsofe:plmimmmttemd
along the No. 3 entry, Northeast Main, between the Nos. 197 and 198
crosscuts. This is a viclation of Section 75.1306.

'31.Ammmysomwmmmmmmmgml
amtainernearthemstmsstbem.4mtryatm. 217 cxosscut,
Left Panel, Northeast Main. This is a violation of Section 75.1306.

32.'meaectimacplosimstcxageb:xinlﬁatmnfeet,sixdns
frunﬁ:e7gectime1.ect:ialdistrihxdmbme. This is a violation of
Section 75.1306.

33. Metal nail heads were exposed cn the inside of the car used for
transperting explosives in the mine. This is a violation of Section 75.1305.

M. BExplosives, in an explosive carrying bag, were stored an the mobile
coal drill in the 1 West section. This is a violation of Section 75.1306.

35. Oxygen and acetylene tanks were stored within 10 feet of the section
electrical power center in the 1 West section. This is a violation of
Section 75.1106.
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36.m=haindrivemthembn1tdrivain31&toﬂlmstm
unguarded, This is a vioclation of Section 75.1722.

east Main before the secticn was . This is a violation
Section 75.316.
&.Mmmm:!&thsﬁmdtbcm. 2, 3, and
dm,mm,m haﬁuetlamtimmabmdmad.

SQ.MM&ﬂnmymbﬂnpmutputbeingmm
1smmmmmmhmmm1-mmoﬂzmnw
violation of Section 75.200.

;
:



APPENDIX P

SCOTIA MINE
SCOTIA COAL COMPANY
OVENFORK, LETCHER COUNTY, KENTUCKY

Notices and Orders issued and sections violated at Scotia Mine,

Ovenfork, Letcher County, Kentucky, from May 13, 1970, to March 9,
1976.

TOTAL NUMBER OF NOTICES ISSUED: 854
TOTAL NUMVER OF ORDERS ISSUED: 109
TOTAL NUMBER OF NOTICES AND ORDERS ISSUED: 263
TOTAL INSPECTION MANDATES: 1,050

NUMBER OF NOTICES AND ORDERS ISSUED PER MANDAY: 0.92



NOTICES ISSUED

104 (i) 104 (c) (1
Section Number Section Number
Violated Issued Violated Issued
70.100 37 75.302 1
75.400 1
75.403 1
75.603 1
Total 37 Total 4
Section ° ~Number Section Number Section Number
Violated Issued Violated Issued Violated Issued
70.100 1 75.517 2 75.1710 15
70.210_ 1 75.518 2 75.1712 8
70.220- 1l 75.520 2 75.1713 2
70.230 4 75.521 2 75.1715 1l
70.246 5 75.523 S 75.1718 6
70.250 15 75.601 6 75.1722 22
75.200 28 75.602 1 75.1725 10
75.201 1 75.603 27 77.202 9
75202 2 75.605 5 77.205 3
75.300 1 75.607 1 77.206 1
75.301 71 75.700 7 77.208 4
75.302 32 75.701 10~ 77.213 1
75.303 1 75.703 -1 77.215 2
75.304 2 75.800 2 77.312 1
75.307 2 75.803 1 77.313 1
75.308 3 _ 75.807 9 77.314 1
75.313 7 - . 75.810 _ 1 77.400 1
75.3167 29 - 75.902. 3 77.408 2
75.326 1 75.903 1 77.410 2
75.400 106 75.904 3 77.412 1
75.401 3 75.1100 38 77.504 2
75.402 8 75.1101 14 77.505 6
75.403 27 75.1102 3 77.509 1l
75.500 2 75.1103 3 77.511 1
75.503 43 75.1104 3 77.513 1
75.505 21 75.1105 20 77.701 2
75.506 1 75.1106 4 77.1101 1
75.507 5 75.1107 2 77.1104 1
75.509 2 75.1202 2 77.1109 2
75.510 3 75.1306 4 77.1605 1
75.511 1 75.1403 12 77.1710 1
75.512 19 75.1404 2 77.1900 1
75.514 5 75.1405 1 77.1905 1
75.515 6 75.1704 21 77.1907 1
75.516 12
TOTAL 104(b) NOTICES ISSUED: 813

OR S ISSUED



1975 NOTICE AND ORDER DATA

Notices

104 (b) Notices
104 (i) Notices
104 (c) (1) Notices

Total

Oorders

164 (a) Orders
104 (b) Orders
104 (c) (1) Orders
104 (c) (2) Orders
103 (f) Orders

Total

Total Notices and Orders issued in 1975:

Mandays:

251

201
13

214

Voo oo

23

237



1976 NOTICE AND ORDER DATA

Notices

104 (b) Notices
104 (i) Wotices
104(c) (1) Notices

Total

Orders

104 (a) Orders
104 (b) Orders
104 (c) (1) Orders
104 (c) (2) oOrders
103 (f) Orders

Total

Total Notices and Orders issued in 1976:

Mandays:

44

o -

°

N

o OO

3

95



1973 NOTICE AND ORDER DATA

Notices
104 (b) Notices 108
104 (i) Notices 7
104(c) (1) Notices 1
Total 116
Orders
104 (a) Orders 9
104 (b) Orders 8
104(c) (1) Orders 1
104 (c) (2) Orders 6
103 (£f) Orders 0
Total 24

Total Notices and Orders issued in 1973: 140

Mandays: 239



1974 NOTICE AND ORDER DATA

Notices
104 (b) Notices 87
104 (i) Notices 15
104 (c) (1) Notices 1
Total 103
Orders

104 (a) Orders
104 (b) Orders
104(c) (1) Orders
104 (c) (2) Orders
103 (£)

jooouvwm

Total 18
Total Notices and Orders issued in 1974: 122

Mandate: 198



1971 NOTICE AND ORDER DATA

Notices

104 {b) Notices 9
104 (i) Notices
104 (c) (1) Notices

oo s

Total : 94

Orders

104 (a) Orders
104 (b) Orders
104 (c) (1) Orders
104 (c) (2) Orders
103 (f) Orders

...J
locnocoow

Total 23
Total Notices and Orders issued in 1971: 117

Mandays: 101



1972 NOTICE AND ORDER DATA

Notices
104 (b) Notices 155
104 (i) Notices 0
104 (¢) Notices 1
Total 156
Orxders
104 (a) Orders 4
104 (b) Orders 0
104 (c) (1) Orders 1
104 (c) (2) Orders 8
103(f) Orders o]
Total 13

Total Notices and Orders issued in 1972: 169

Mandays: 180



104 (a) 104 (b)

Section Number Section Number
Violated Issued Violated Issued
75.200 5 75.301 1
75.301 3 75.316 1
75.400 5 75.400 8
75.403 1 75.403 2
75.512 2 75.1101 1
75.603 1 75.1102 1
75.1403 1 75.1105 1
No section 75.1405 1
cited 21 75.1704 2
75.1710 2
75.1722 1
75.1905 1
Total 39 Total 22
104 (c) (1) 104 (c) (2 103(f)
Section Number Section Number Section Number
Violated Issued Violated Issued Violated Issued
75.400 2 75.200 12 No section
75.301 11 cited 2
75.302 4
75.307 1
75.308 1
75.316 1l
75.400 4
75.503 1
75.505 4
75.518 1
75.603 3
75.1106 1
Total 2 Total 44 Total 2



1970 NOTICE AND ORDER DATA
Notices
104 (b) Notices 7

104 (i) Notices
104 (c) (1) Notices

[ N

Total 7

A\

Oorders

104 (a) Orders
104 (b) Orders
104 (c) (1) Orders
104 (c) (2) Orders
103 (f) Orders

OooOor v -

o

Total
Total»Ngtices and Orders issued in 1970: 85

'ﬁandéys: 37—



