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GENERAL INFORMATION

Location and Operating Officials

The Carswell mine is located on the King branch of the Norfolk & Western
Railway, about 1 mile north of Kimball, MecDowell Couwaty, West Virginia, and
is owned and operated by the Koppers Goal Company., The mines in this section
are known as the Houston Division,

The officials of the Koppers Coal Company, %the Houston Division, and
the Carswell mine are as follows:

President J, P, Williams, Jr, Pittsburgh, Pa,
Vice President P, C, Thomas Pittsburgh, Pa,
Assistant to Vice President L, C., Campbell ' Pittsburgh, Pa, -
Division Superintendent J, 0, Davis Keystone, W. Va,
Division Safety Engineer ¥, J. Bailey ' Kimball, W. Va,
Mine Superinterdent Frank Kerr Kimball, W. Va,
Mine Foreman ‘William Ford _ Kimball, W, Va,

Employees and Production

" Approximately 600 men are employed. underground and 100 men on the sur-
face worklng two shifts, producing an average of about 3,000 tons of coal a
day,

Openings

The Carswell mine operates the King and Tidewater leases, as indicated
on the map which is shown in the appendix of this report, The mine is '
opened by five shafts — three located near Carswell surface plant, a slope-
and o shaft in the former King mine, and three drifts and a snaft openlng
in the former Tidewater mine, One snaft openlng at Carswell is used for
hoisting coal and rock and also for intake air, The second shaft opening
at Carswell, which formerly opened the No, 4 Pocahontas coal bed, now
abandoned is used to lower and raise men and matérials into and out of the
nine, Tne third shaft serves as an uncast airway, The two slopes and ghaft
in the former King mine serve as escapeways and intake alrways.- The three
drift openings of Tidewater serve as escapeways and intake airways and the
shaft serves as an escapeway and upcast airwsy, '

Néture of the Coal Bed

The mine is operatlng in the Pocshontas No, 3 coal bed, ‘which averages
about 60 inches in thickness and is overlain by from 1 %o 1” inches of draw
slate and 1 to several feet of black shale and sandstone ‘The Pocshontas
No, 4 coal bed is located about 60 feet above the No. 3 bed, “The floor of
the No, 3 coal bed consists mainly of fireclay.

The coal is a low-volatile bituminous and is soft and friable. The
principal impurity is a lY—inch band of "bony™ near the center of the coal,
vhich is characteristic of the Pocahontas Yo, 3 coal bed.
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FINAL REPORT, EXPLOSION, CARSWELL MINE
KOPPERS COAL COMPANY, XIMBALL,'
'McDOWELL COUNTY, WEST VIRGINIA,

' JANUARY 22, 1941

By W. J, Fene and ¥, E. Griffith

INTRODUCTION

A gas and coal-dust explosion occurred in the Carswell mine of the
Koppers Coal Company, Kimball, McDowell County, West Virginia, at about
4:30 a.m,, January 22, 1941, . Five men were killed as a result of this ex~
plosion, of which mumber four were killed.outright by burns and violence and
one died 2 days later from burns. -Phirteen additional men in the affected
area were burned and suffered from the effects of carbon monoxide poisoning,
A total of 145 men were in the miné at .the time of the explosion, One hundred
twenty-seven men who were in other sections of the mine escaped some time
after the explosion., These men were not awere that an explosion had occurred,
They were notified by telephone by the dispatcher and left the mine without
any difficulty, The explosion was local in character and was confined to
an area of about 200~foot radius from the intersection of No, 36 room and 2
left entry. No appreciable property damage was sustained, The writers be-
lieve that rock-dusting within and outby the affected area localized the ex~
plosion,

From evidence found following the explosion and from statements of sur-
vivors it appears that the explosion had its origin at the mouth of room 36
when -gas issuing from this TOoOm was ignited by an arc from the nips of a
mining machine cable which were attached to the power cavle at this point,

‘Water had been used to allay the coal dust at three different points in
this conveyor section - at the elevator car loading station and atthe unload~-
ing point of each room conveyor, The mine is rock-dusted throughout,
Houlageways . are rock-dusted weekly by a rock-dusting machine and in the
advance workings each man is supposed to distribute by hand a bag of rock
dust each shift, ' ‘

The Bureau of Mines at Pittsburgh, Pa,, was notified of the explosion
by the Associated Press at apout 8:00 a.m, Messrs, W, J. Fene and F, E,
Griffith collected eguipment and left the Bureau about 10:45 a,m,, driving
to Welch, W, Va,, and arriving there at 11:30 p,m, Mr, J. 8. Ferraro, who
was at Raleigh, W. Va,, was notified and arrived at the mine about 2:00 p.m,
Mr, F. J. Purin, who was at Cannelton, W, Va,, was also notified and arrived
at the mine about 10:00 p.m, ~State Mine Inspectors Chatfield and Jones were
notified and assisted in the recovery work following the explosion, The
recovery work was completed and all the injured men and bodies were brouzht
out of the mine before noon, January 22, 1941, '
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The roof in this mine is extremely tender, also being infested with
pots, kettle bottoms, horsebacks, and fossil stumps, which make it treacherous,
and the roof requires extensive as well as careful timbering., Five- by
eight-inch crossbar timber sets on 3-foot centers are used over trackways,
and posts with substantial cap pieces set on Y.foot centers are used on the
side or gob area, Prepared cap pieces and’ wedges are-provided, No timbers
are recovered in pillar work,

Systematic timbering rules are posted and are strictly enforced.

Ventilation and Gases

The mine is ventilated by two 5- by 10~foot. centrifugal-type fans,
which are offset from the upcast shafts, are equipped with reversing doors,
and are operated exhausting, One fan iocated at Carswell is driven by an
electric motor and was moving at the time of the investigation 76,300 cubic
feet of air per minute at a recording water-gage pressure reading of 3,5
inches; this fan is equipped with a steam-engine auxiliary drive.

~ The Tidewater fan located on the surface near the Tidewater shaft is
electric motor-driven and was exhausting at the time of the investigation
219 396 cubic feet of air per minute at a recording water-gage pressure of
5.6 inches, An attendant is on duty 24 hours a day at this installation and
reports hourly via telephone to the power-house engineer at the Carswell
surface plant who can cut all electric power from the mine in the event of
fan fallure

The split system of ventilation is used and is controlled oy overcasts,
stoppings, and doors., Overcasts and permanent stoppings are constructed of
orick and temporary stoppings are of canvas., Doors, with few exceptions
(temporary), are installed in pairs, forming an air lock between them so
that when one door is open the other, having the same effect upon the ventilat-
ing current, can remain closed, thus enabling trips to pass through them
without interrupting the ventilating current, All doors are provided with
latches, Door installations equipped with latches or other devices for hold-
ing them open "invite" interruption of the air current, It is suggested that
latches or other means of holding doors open be discontinued and that bumper
bars be provided on the doors so that they can be opened by the locomotive and
held open by the sliding action of the bumper bar against cars or locomotive
while passing through them in either direction, after which they will close
autonatically when the trip has passed, If bumper bars are not practical,
some other method should be utilized, Break-throughs are driven at intervals
of 80 feet or less,

Vith few exceptions, main and secondary haulage roads are on intake ~
air, One of the notable exceptions to this rule was on second King mains,
where the main haulageway passed through a system of doors into a return air
current from active and pillared areas of the mine and was being conducted
over this haulageway to the Tidewater upcast shaft, This creates an ex-
_tremely unsafe condition in the mine and it is suggested that sufficient
overcasts e erected to take this return air off the haulage road,
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The following is an analysis of the Pocghontas No, 3 coal bed ian the
Carswell mine, from Bureau of Mines Technical Paper uOS, Anslyses of West
Virginia uoals.

Percent

Volatile matter 16,1
Fixed carbon 17.1
Moisture 1.8
‘Ash h.O
Sulphur 0.6
Calories ‘ 8,122
B.t,u, > 14,620

UNDERGROUND - MINING METHODS, CONDITIQNS, AND EQUIPMENT

Method of Mining

The newer worflngs of the mine are opened sy six diagonal entries whlch
intersect the Xing and Tidewater leases, The 45° angle on which these
entries are driven permits a grade in favor of .loaded cars, A system of
four to six entries is turned at an angle of M5 from the diagonal entries
which open up the Carswell, King, and Tidewater leases, TFrom these entries
vairs of room or butt entries are turned at intervals of 300 to 500 feet,

Rooms ordinarily are not developed during advance work,

In the hand-loading parts of the mine room developﬂent is so systema-
tized that when the 60-foot center rooms are driven through to the adjacent
pair of butts, pillars are promptly recovered, A U5° angle pillar—extraction
line is maintained. : '

In the conveyor sections and parficularly in the more recent work no
definite angle of extracting pillars is being followed.

Only development work,ié veing done in the movile-loading section of
the mine,

- The coal is undercut with permissible Jeffrey shortwall and arcwall
cutting machines, Coal is drilled with hand augers in the hand-loading
sections and by permissible Jeffrey electric coal drills in the conveyor and
mooile-loading sections,

Permissible electric power—driven units are used on the Jeffrey "face!
and "room" conveyors. The "mother™ and "elevator" coaveyor units are non-
permissible,

A portable apnroved type of junction box is advance& with the working
face in conveyor rooms for connecting the power cables from the permissible
shortwall mining machines, the electric coal drill, and the face-conveyor
uni‘b-.'
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Air samples were collected during the anestlgatlon, analyses of which
are shown in table 1, It is believed that the results of analyses of samples
taken in split returns are fairly representaxlve of the average daily con-
ditions, except that the methane content may be lower in some instances, due
- to‘the_fact that some of the samples were collected while a portion or all
of the mine was idle,

It will be observed that a sample, No, 245, collected 150 feet inby
roon 36 off 2 left the day’ fo1low1nv the exploozon contained 0,84 percent
methane and another sample, Xo, 2H6 collected near the mouth of the room
contained 0,23 percent ﬁethane.» Samples Ho, 898 and Uk, containing O,L47
percent methane with 29,346 cubic feet of air per minute and 0,21 percent
methane with 189, 950 cubic feet of air per minute, resnectlvely, represent
the volume of air entering the Tidewater upcsst shaft, Samples 872 and 882
with 20,500 and 55,800 cubiec feet of air per minute, containing O, 44 and 0,48
percent methane, respectlvely, represent the volume of air returning through
the CarsweTI upcast shaft, From the analyses of these samples, of 295, 596
cubic’ feet of air per minute in the total returns, it is indicated that about
1,288, 600 cubic feet of methane is being 11berated from the mine each 24 hours,
Considering the large amount of methane being liberated in this mine
(1,288,600 cubic feet per 24 hours), it is apparent that extreme caution must
be exercised to prevent a disruption in ventilation that would permit the gas
to accumulate,

Preshift examinations for gas are made by fire vosses and systematic
sampling of return air is done weekly by the ventilation inspector, The
safety and ventilation inspectors are also equipped with M,S,A, methane in-
dicating detectors for making other gas surveys,

Haulage

All underground haulage is by electric trolley locomotives, Cars are
of steel end-gate construction, with hinge-link and pln couplings, and are
of about Ue=ton capacity. Clearance generally is adequate in entries and rooms
to provide safe passage of persons by trips; however, it was observed that
clearance was not adequate at several points along haulageways. Shelter
holes are provided at regular iantervals, but at several points where grading
has been done they are not maintained at track level, Trolley wires are
guarded at junctions and man-trip loading and unloading stations by a rubber~
ized—-flap guard attached to the trolley-wire hangers, A telephone dispatcher
and a dlock signal system is used to regulate all underground haulage traffic,

Blocking cars is accomplished by a pin-clevis device at working faces
and by a fixed heavy chain and hook device along haulage entries, From in-
formation obtained it was learned that more than 200 of these devices were
installed during the year 19&0. This fixed heavy chain~hook car or trip
block is positive in action and is easily atteched or detached from a car
or trip,

(02}
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The system of ventilation used in the two conveyor sectious depends
entirely on circulating the full volume of zir used to ventilate this portion
of the mine over the worked-out aréa, Sudden or slow subsidence of these _
pillared or worked—out areas may completely stop or reduce the volume of air
circulated and cause the ventilation of the working places to be inadequate.

It is suggested that the system of ventilation now used be changed to
assure. an adequate volume of air circulating through the open and active
workings and return through open air ‘courses to the fan rather than through
worked—~out areas, and at the same time be so regulated as to maintain an
alr pressure dlfferentlal over the pillared or worked—out areas with open
Yhleeder™ entries extendlng into the main returns,

It was observed during the investigation that large zbandoned sections,
including developed, partially pillared, and pillared sections of the mine,
were being ventilated, or at least attempts were being made to ventilate them,
It is bPelieved that these sectiorns should be effectively and securely sealed
and provisions made to relieve excess pressure through a water seal, and
any gas thus released should be directed into the main returns of the mine,
Such sealing would (1) greatly enhance the safe operatvon of the mine by
creatlng within the sealed-off sections a condition that would not permit
formation of explosive mixtures of methane and air, (2) improve the ventilating
efficiency by a reduction in mine resistance, and (3) rermit a larger volume
of air to be circulated through the active workings of the mine, The savings
effected by this measure should more than offset the cost of sealing,

In the past the question of advisability, from a safety standpoint, of
sealing abandoned or unused places in coal mines has been much discussed,
Some have considered that it was highly dangerous to enclose areas in a mine
that might £ill with gas, The Bureau agrees with this point of view, unless
the stoppings are strong and fireproof, On the other hand, it has been found
that in large room-and-pillar mines, in which the pillars may or may not
have been extracted, the old areas generally are not well ventilated and
often cannot be properly inspected, Furthermore, these regions act as places
for accumulating dangerous coal dust in addltlon to gas,

It was obsérved that unusual dependence was being placed on canvas
stoppings, canvas check curtains, and long lengths of line brattice in
directing and controlling the air in the mobile~loading and conveyor sections
of the mine, The ventilation in the sxplosion area was dependent upon canvas,
as also is the ventilation in -the D-~2 conveyor section, So many things can
happen to canvas stoppings and line brattice to render them ineffective that
the use of excessive amounts of this material is inadvisable,

Ag development proceeds in the mobile-loading sections, the nece351ty
for extensive use of canvas for directing the ventilation will be reduced,
On the other hand, if the same method of ventilation and method of mining
are continued in the conveyor sections, maintenance of adequate ventilation
will become increasingly difficult, It is Believed, if rooms were developed
in pairs from only one side of butt entries, that more positive control of
ventilation could be obtained,

The mine is classed as gassy by the West Virginia Department of Mines

and. fire bosses are employed to examine the mine before the shift enters and
while the men are at work,
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TABIE 1., - Analysié of samples of air collécted in
Carswell mine._Kbppérs Coal Company,
January 24-25-27, 1941 °

Quantity Me thane

Sam-- . : { ' of air, liverated’
ple Carbon Oxy— | Meth-| Nitro-| cu, ft, in 24 hrs,,
Yo, | - Location in mine dioxide gen . . ane |. gen per min, cu, ft,
244 | Return, right side, Tidewater shaft | 0,09 | 20,82 0,21 78,88 189,950 574,409
898 | Return, left side, Tidewater shaft 0,29 20, Uy o7 | 78,80 29,346 198,61&
872 | Return from old worklngs near Cars- ' ’

well shaft , 0,17 | 20,60 0,44 78,79 20, 500 129,888
882 | Return at Carswell shaft -~ 0,16 | 20,66 | 0,ug 78,70 55, 800 385, 689

243 | Return from 3rd King mains (Goodman
section) _ )
245 | In room 36, 2nd right off King mains

[ 2
o
-3

20,76 o;&& 78,69 20,916 144, 571

(top £a11) . 0,07 | 20,70 0,84 78439 " -

2i6 do, 0,08 | 20,83 0,23 | 78,86 -
24¢ |Return from lst King main (at overcast) 0,07 | 20,70 0,65 | 78,58 | 11, u75 107,406
249 | Return at No, 6 overcast 0,08 | 20,78 | 0,38 78.76 h9,608 '271 u55
371 |Return at No, 10 overcast 0,10 | 20,79 | 0,18 | 74,93 39, 200 101, 606

881 | Return from No, U Tldewater pillar ; - . S

section 0.24 | 20,38 | 0,69 78,69 26, 240 260, 721
- 891 |Return at No, 3 overcast 0,19 | 20, 56 0,48 78,77 70, 720 uss 817

899 |Return from No, & Tidewater pillar o o _ S
_ section at No, 4 Tidewater overcast 0,15 | 20, 58 1,12 | 78,15 23, 560 379,976
900 | Return from lst right main at overcast 0,07 | 20,62 0,16 78.85 12,960 g5, 847
372 |{Return from 2nd right main section 0,07 { 20.78 0.52 78,63 16, 569 124, 069
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Lighting

Fixed incandescent lights mounted in weatherproof sockets are installed
at track switches, intersections, and various other places along the haulage
system; these lights are not guarded, Permissidle Wolf and Koehler flame
safety lamps are carried.by all foremen, safety and ventilation inspectors,
fire bosses, pumpers, machinemen, and the mobile-loading crew for use in
Yesting for ‘gas, Mobile~loader operators and machinemen are .supposed to test
for gas before moving their machine beyond the last open crosscubs and fre-
quently while the machine is in operat;on at thé face, It was observed that
this requlrement_was being adhered to, ZEdison portable electric cap lamps
are used by migers and all other employees for illumination, The use of
open lights and smoking are prohibited, Periodic search is made for matches
and smokers’ articles,

Machiﬁéry;Uhdefgroun&

All machinery underground is operated electrlcallv by 275 volts direct
current, This machinery includes locomotives, “pumps, permissible cQal—cuttlng
machines, permissible coal drills, permissible and donpermissible~type con—
veyor power units, and a permissible Goodman mobile~loading machine,

Pransmission lines are taken into the mine at several points through
shafts and boreholes, Feeder cables are well installed on insulated hangers
along haunlageways, The transmission lines are sectionalized by means of hand
switches, Yo transformer, rectifier, or converter stations are located
underground, A con31deraole amount of trailing caole is used in connection
with mechanical loading operations; and it was oBserved that much of this
cable was in bad condition, haV1ng numerous and improperly made temporary
splices., XNo wvulcanigzed splices were observed, However, the company is
fully aware of the many hazards and the 1nef71c1encv of improperly installed
and maintained trailing cables, and has recently purchased cable-splicing
equipment and has prepared cables in 100-foot lengths for use in connection
with mechanical mining, This equipment was not reaﬂy for use at the time of
the explosion, but has probably now been installed,

It is believed by the investigators that t41s sys ten will eliminate
many of the hazards that are now encountered with tralllng cables, by per-
mitting sections of the cables, when in need of repair, to be taken out and
replaced by a section of new or repaired cable, This experiment is note-
worthy and commendgble,

Explosives'and'Blastinngractices

Permissible explosives, duPont Iumpcoal C in 1-1/U4e by 6~inch cartridges,
are used for blasting coal and rock, All shots are fired electrically with
small recessed terminal Burgess dry~-cell batteries:-and. duPont No, 6 electric
detonators, Explosives and detonators are ovtained dy the miner from an
attendant at the distributing magazine on the surface, One day's supply of
explosives is placed in a rubberized explosives bag, - Electric detonators are
placed in a screw-top cylindrical wooden container and are carried by the
miner to the man-trip loading station near the bottom of the shaft, where
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they are loaded into separate compartments of an insulated sxplosives car,
The insulated explosives cars are hauled to the various sections of the mine
oy a trolley loCOmotive,‘which precedes the man~trip by about 10 minutes,
Tool cars are also nandled on the same trips

Snot holes are charged, stemmed with rock dust, and fired by the miners
in the hand-loading sections, by the assistant foreman in the conveyor
sections, and by a member of the mobile~loading crew who is designated as
shot firer. ©No regular shot firers are employed, ZIlasting is done at any
time during the working shift, 4

The coal is generally undercut to a,depth'of 6 and 9 feet and boreholes
are drilled to a depth of 5-1/2 and 8-1/2 feet. One exception to this was
observed in the immediate explosion area; four holes ranging in depth from
olt to 60 inches were found drilled on the solid, two of which had been fired
and had blown out 1 or 2 hours before the explosion, Another instance of
solid shooting was observed in the partially @evéloped break-through in the
left room on the D-2 conveyor section; here, too, there was indication that
a borehole drilled on the solid had blown out., This is an extremely dangerous
practice and indicates lack of supervision on the part of underground officials,

In the interest of safety, permissible explosives fired electrically
should e used exclusively. While this is being done in this mine, the con-
ditions of permissidility of explosives for use in coal mines should be
studied carefully by the officiale at this mine and rigidly followed, They
are: (1) not more than 1-1/2 pounds shall be used in any one shot; (2) the
explosive shall be fired only by use of electiric detonators of standard make
and proper strength; (3) shots shall not be fired on the solid; (4) only
permissible shot-firing units should be used; and {5} only incombustible
stemming material tightly temped to the collar of the hole should be used,

Ihvadditibn to the sbove, competent shot firers should be employed to
fire all shots, and they should be required to make tests for gas with per-
missible flame safety lamps before and after firing a shot.

Drainage

Considerable water is "made" in the mine and many sections of the mine
are damp to wet, Fifteen electric pumps are used %o gather and discharge
the water to the outside,

Coal Dust

Consideranle coal dust is made during the operations ofundercutting,
drilling, dlasting, and loading, An excessive amount of cosl dust was ob~
served along the conveyor lines in the conveyor sections and in the advance
working of the mobile-loadiﬂg'section, ut haulage roads and hand-loading
places are kept fairly clean, The excessive accunlations of coal and coal-
dust observed in the conveyor sections are due to failure to clean up
thoroughly as the face conveyors are advanced, This condition is probably
due to lack of supervision by crew foremen and to haste in completing the
cycle of operation, Such accumulations of dust should be cleaned up as the
conveyors are advanced, as they constitute an additional dust-explosion hazard.
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Water was being used to allay coal dust at three points along the ™mother®
conveyor in the explosion area and on the undercutting machine in the mobile-
loading section, Water is supplied by means of tank cars with hose connec-
tions to the points of distribvution, '

Excessive amounts of suspended dust were observed in the D-2 conveyor
section during the operation of the face conveyor, The finely divided dust
suspended in the air became so dense in one of these rooms after 5 minutes
of hand-loading face conveyor operation that visivility was reduced to
practically zero, It is suggested that some measure to allay this dusty
atmospheric condition be adopted immediately, -

To lessen the coal-dust explosion and health hazards and to decrease
the amount of rock dust needed to afford full protection against the propa—
gation of a dust explosion, the following measures are recommended: (1
All mining machines should be provided with water sprays to wet the fine
cozl as cutting is being done; (2) the face regions should be wetted before
and after blasting; (3) water sprays should be installed on face conveyor
units and loading and unloading points along room and tmother' conveyor units;
(4) the coal face and the working place approximately 40 feet therefrom
should be kept free of coal dust by use of water; (5) the coal should be
loaded on.conveyor lines so it will not fall off, and any accumulations of
coal and dust along the lines should be loaded out promptly; (6) the coal
. should be so loaded that it will not be shaken off the cars while in transit
and the empty cars and loads should be so sprayed as to prevent dust from
being distributed along the haulageways. '

) The zbove practices are aimed at wetting the dust at the point of its
formation in the working places and elsewhere, thus preventing it from
rising into the air and being distributed widely by the air current, The -

. use of water at the working face can best be effected by having water lines

extend to near each face so mining machines may be connected to the water

line and the face region may be properly sprinkled, The installation of
sprinkklers along haulagewsys will prevent the blowing of dust from the top

of fast-moving trips, which is largely responsible for the wide distribution

of coal dust, Moreover, coal dust in the air materially decreases visibility
and this inereases the hazard to the mine worker through not being able to
see clearly a threatening fall of roof or coal . or possibly some dangers from
machines, Also atmospheric dustiness endangers the health of the employees
and appreciably reduces their efficiency, ' ‘ '

Rock Dust

_ The mine is rock-dusted throughout by a rock-dusting machine and by
hand, Employees engaged in work at the face are required to distribute one
bag of rock dust per man per shift, Company records disclose that 5.2 pounds
of rock dust were distributed throughout this mine per ton of coal mined
during the year 1940, This is a decidedly commendable record.

Fifty-one samples of dust were collected in the mine during the investi-
gation, the analyses of which are shown in table 2, :

A gtudy of the analyses of these dust samples shows$
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‘1, The incombustible content of the rib- and roof -dust samples Nos,
2, 5, 7. 9, end 11, collected in the explosion area, ranges from 14,3 to
95.0 percent, w1th an average of 64,78 percent, The road-dust samples,
Nos, U, 6, g, 10, and 12, range from 21,7 %to 64,8 percent with an average
of 45.06 percent 1ncomoust101e

The analyses of samples Nos, 3, 4, 5, 6, 8, and 10 indicate that
additional rock-dusting is necessary to increase the incombustible content
of the dust in these areas to 65 percent, the amount necessary to prevent
propagation of the flame,

2. TFrom table 2 it will also be noted that analyses of samples Nos,
14, 16, 18, 21, 22, 24, 26, 30, 32, 34,35, 36,37, 33, 39, 41, 43, Ll U6, and
54 collected in various parts of the mine, indicate that addltlonal rock—
dusting is necessary to increase the’ 1ncombus£ible content of dusts in these
areas to 65 percent. It is believed, however, that the incombustible content
of the dust, even though inadequate in some places definitely arrested the
flame in the _affected area ard prevented propagation of the explOS1on to. -
other parts of the mine,

It is indicated that dust of the Pocahontas No, 3 coal bed requires a
minimum of 65 percent incombustible to prevent propagation of an explosion
where no gas is present, Where gas is present in the air current, the in-
corbustible content should be increased 1 percent for each 0,1 percent of
gas present, :

Based on the percentage. of gas found in return air sample No., 882
(taole l) the dust on this split should contain in excess of 69 percent of
1ncomoust1ble matter to insure against propagation of an explosion, Likewise,
the incombustible content of the dust in return airways in other sections of
the mine should he increased where gas is shown in the return air, ’

GENERAL SAFETY CONDITIONS

TFirst Aid and Mine Rescue

A11 employees at this mine have completed instruction in Bureau of
Mines first-aid methods,

The West Virginia Department of Mines maintains a mine rescue station
at this operation, which is equipped with six self-contained oxygen breath-
ing apparatus, six All-Service gas masks‘ and other accessory equipment,
Five mine rescue crews consisting of 6 men to the crew or 30 men from this
mine are trained’ ‘monthly in the use and care of the mine rescue apparatus,
All underground employees are equipped with self-rescuers.

Safety Organization

A safety inspector is employed at the mine to examine the mine daily
and he reports unsafe practices and conditions to the superintendent or
mine foreman, A division safety engineer is employed to examine the mines
within the division at regular intervals who reports to the division super-—
intendent, A full-time ventilation inspector is employed at this mine

who measures air, collects return air samples from the various splits, and
reports his flndlngs to the superintendent,
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TABLE 2, ~ Analysis of dust samples collected in Carswell mine,
Koppers Coal Company, Kimball, West Virginia,

January 24-25-27, 1941

“Porcent Cumulative
Com~ | Incom- 100-percent
bus- | bustible, - through 20-mesh
Sam- Kind tible,| moisture |Through Percent through
ple . of V. +| Dplus 20~ 4g— | 100~ | 200-
No, Location in mine sample F,C, ash mesh. mesh | mesh | mesh Remarks
3 150 ft, inby room 36 off| Rib & Roof| 85,7 14,3 66,2 - - . -~ | In explosion area
2nd left air course off ‘ _ -
King main _ _
L do, Floor 78,3 21,7 73,1 | 64,0 |U1,9 | 29,6 do..-
5 | 2nd left air course inby| Rib & Roof| 49,3 | 50,7 83,8 |90,3 |81,9 | 72,5 do.
curtain near room 36 ' , ,
6 do. : Floor 53,2 | U6,8 79,1 | 9414 | 62,8 | 51,4 do,
7 | ond 1eft air course, 100| Rib & Roof| 14,6 | 85,4 89,7 |95.6 |85.7 | 11,2 do,
ft, outby room 36 . ' : _
8 -~ do, Floor 50,1 | 49,9 81,8 | 77.6 |57.8 | 43,3 do,
9 2nd left, 30 ft, inby Rib & Roof| 21,5 78.5 78,9 86,8 | 74,2 | 60,9 | Rock-dusted
room 44 - : ‘ ,
10 do. . Floor 57.9 | u2,1 74,3 715 | 52,0 | 38,8 do,
11 2nd left, 150 ft, inby Rib & Roof| 5,0 95,0 93,5 96,9 |89,5 | 72,4 do.
: room 41 : ' '
12 do, | Floor 35,2 64,8 79.7 |93.5 | 62,8 | 50,1 do.
13 In room 41 off 2nd left Rib & Roof| 25,0 75,0 87,0 89,2 | 78,8 | 6U,2 do.
14 do, Floor 70.0 30,0 73.9 67.% 44,3 | 30,6 do.
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TABLE 2, — Analysis of dust sémp}es,dollected in Carswell mine,
Koppers Coal Company, Kimball, West Virginia,

January 24-25-27, 1941 (contd,)

-Percent Curmulative
Com— Incom—- 100 percent
v bus—-- | bustidle, through 20-mesh

Sam- Kind tible, |moisture |Through Percent through

ple - of V. + | plus 20- g~ | 100~ {200~

No, Location in mine sample F,C, ash mesh mesh | mesh | mesh Remarks

15 | No, 1 airway off lst King | Rib & Roof| 3.1 96,9 99,0 { 98,7 | 89,5 | 7%.1 |Rock-dusted
-haulway : : '

16 o do, Floor g, 6 5.4 76,0 | 76,9 | 58,1 |44 do.

17 | No, 2 King airway off King| Rib & Roof] 18,0 82,0 88,5 | 91,2 | 83,3 | 70,2 do.
haulway )

18 do, Tloor 6,1 35,9 69,1 | 68,2 | L,5 | 27,5 do,

19 | Main King haulway on No. 3| Rib & Roof| 2.1 97.9 99.8 | 99.9 | 87,7 | 69.3. do.
airway

20 do, Floor LR 6546 75.7 | 71.0 | 52,3 | 38,5 do,

21 Nb.;U‘aifway off King Rib & Roof] 67,7 32,3 - 68U - - - Not rock-dusted
‘haulway ' ,

22 - . do, Floor 83,2 16,8 58,5 | 62,2 | 40,6 | 29,8 do,

23? Yo, 5-airWay right off Rid & Roofi 20,1 79,9 87.8 | 90,0 | 78,9. 65,4 | Rock-dusted
Xing haulway : - ' : .

2l do, " Floor 63.5 36,5 70,3 { 60,2 | 37,0 | 24,6 do,

25 |No, 6 airway right off Rib & Roof] 9.4 90,6 94,7 | 95,2 | 85,6 | 71,5 do,
King hanlway : ' ‘ - SR S

26 do. Floor 63.6 36,4 | 76,3 | 82,1 | 48,5 | 33,6 do,

27 |Between 1st and 2nd left | Rib & Rooff 7.4 | 92,6 | 94,9 ] 95.6 | 79,9 | 61.4 do.
on 44 hanlway ’ . A h N '

28 do, Floor 37.5 62,5 73.3 | 70.5 | 53,1 | 41,3 do.
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TABLE 2,

- Analysis of dust samples collected in Carswell mine,

Koppers Coal Company, Kimball,

West Virginia,

January 24-25-27, 19&1 (contd )

~Porcent Cumulative
Com-| Incom~- 100 percent
bus—~| bustivle,. through 20-mesh

Sam- -Kind tible, moisture |{Through Percent through

ple of V. +| plus 20- Ug. | 100~ | 200~

Yo, Tocation in mine sample ¥, 0, ash mesh mesh | mesh |mesh Remarks

30 Between 1lst and 2nd left, Floor 82,51 17.5 57.8 |58,1 | 37,5 | 28,4 I Not rock-dusted
on 43 haulway ‘

31 On'lst left between 31 ‘Rib & Roof] 6,4} 93,6 93,4 197,8 | 90,4 | 73,4 |Rock-dusted
41 haulway

32 do. Floor |- ¥1,9| 58,1 74,6 1753 | 55,8 |42,9 do,

33 On 1st left air course Rib & Roof, &,2] 91,8 98,9 |99,4 | 8,5 | 72,0 do,
between 3U and U1 haulway -

34 do, Floor 56,5| Y%3,5 70,1 | 71,4 | 50,8 | 36,8 do,

35 On 33 haulway, 60 ft, from Floor 91,8 8,2 51,7 (50,6 | 28,7 | 19,0 {Yot rock-dusted
lst entry = '

36 D-2 conveyor section, in Floor 4,0 59,0 73.8 1782 | 59,5 |U5,1 | Rock-dusted
left room 30 ft, from entry ‘ : '

37 | D=2 conveyor section, in Floor gh,9.{ 15,1 56,9 60,9 | 41,0 | 28,6 do, -

, right room 40 ft, from entry o _ ,

38 D2 conveyor section, along Floor 58,2 41,8 4,2 |70.6 | 52,6 |MH1,7 do,
mother conveyor 100 ft, ‘ :
from loading elevator

39 On 25 haulway, between lst Floor 55,9 | 4,1 80,9 |90,5 | W, 6 |31,k do.
left and King haulway .

40 do, Rid & Roof] .10,1| 8&9,9 98,9 199,0 | 87,2 | 74,1 do,

41 150 ft,. from face No, 1, Floor 80,0 20,0 57.5 47,4 | 19,6 | 12,7 do,
3rd King mains : : ) :

Yo do, Rib & Roof] 23.0{ 77.0 83,8 86,5 | 72,6 | 56,1 do,
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TABLE 2, - Analysis of dust samples collected in Carswell mine,

Koppers Coal Company, Kimball, West Virginia,

January 24—-25-27, 1941 (contd, )

Percenﬁ : Cumulative
Com- | Incom-— 100 percent
bus- | bustible, through 20-mesh
Sam- Kind tible,| moisture |Through Percent through
ple of V. + | plus 20- Ug~ | 100~ | 200~ }
Yo, Location in mine sample ¥, C, ash mesh mesh | mesh | mesh Remarks
43 150 %, from face No, 2, Ribd & Roof 60.1 . 39,9 77.8 - - - fRock~dustéd
3rd King mains ‘ : S :
MH» do, Floor 75,4 k4,6 69,4 |61,8 | 37.8 | 20.9 do,
us 150 ft, from face 3rd head- | Rib & Roof| 17,6 g2, 4 gh, 2 - - - do,
ing off 3rd Xing mains : .
46 do, Floor 43,1 56,9 76.0 |77.,3 | 58,2 | 43,7 do,
U7 | 150 ft. from face 4th head-| Rid & Roof| 11,4 88,6 93,9 98,0 | 83,2 | 65,5 do,
ing off 3rd King mains
4g do, Floor 36,1 63,9 76,3 80,3 | 57,7 | 41,3 do,
49 | On 12 haulway off 3rd King |Rib & Roof| 31,1| 68,9 78.4 {82,9 | 68,4 | 56,6 do,
mains, 25 ft, outby sta- : o
tion 6522 .
50 do, Tloor 37.8 62,2 76.2 |80,k | 61,8 | 47,1 do,
51 On 13 haulway off 3rd King | Ribt & Roof] 27.2 72.8 93,3 80,6 | 63,7 | 47.3 dd,
mains, opposite station : : : : )
6522 . _ , :
52 do, Floor 25,0 75.0 76,9 |T5.4 | 55,3 | 37.1 do,
53 On 3rd King haulway off 3rd | Rib & Roof 8.1 91,9 92,0 (98.3 | 89.2 | T7.1- do,
King mains, 50 ft, outby Co B ’ ]
13 haulway
B4 do. Floor 52,8, _u7.2 69.5 |68,6 | 46,1 { 31,0 do,
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A safety committee composed of the mine superintendent, the mine fore-
man, the safety inspector, two miners, two day men, and one outside man has
been organized at the mine, The employee members o‘ this commlttee are
appointed by the management, each member attending three meetings, after
which he is replaced by & newly sppointed member, The appointment of commit—
tee members is staggered so each committee meeting has some new member,

The committee holds regular monthly meetings with the mine superintendent
presiding, The duty of the committeec is to investigate all serious and
fatal accidents and to make recommendations for preventing recurrence; re-
. ports are also made on a2kl unsafe conaltlons observed and methods to
'ellmlqaie the hazards are recommended

.Weekiy safety meetings are held for all foremen and a genefal safety
meeting is held once a month to which all employees are invited,

The mine also participates in'an intercompany safety record competition,
- The competition consists of the awarding of a trovhy to the mine having the
best accident frequenecy record for the preceding month.

Commendable Safety Practices andiSafetv Record

Many commendable safety practices are in effect at the Carswell mine,
some of which are as follows:

The use of permi'ssible electrical equipment at worklng faces,
The use of permissible explosives.

The use of permissible electric cap lamps,

The use of safety shoes. hats. and goggles by a1l employees,
Rock-dusting. '
Use of water to allay coal dust.

A safety organization..

Systematic check on ventilation.

All undergroun& employees. equipped with self-rescuers,

. & ‘e

L0 08 = OVWIT N 0

These and other safety practices and features have served to bring
about a steady reduction in accidents at this mine during the past several
years and to establish a low accident record for 1940, The following shows
the accident record at the Carswell mine since 193%0:

“Accident
Year frequency
1930 129,1
1931 86,0
1932 62,7
1933 | 65,8
1934 91,2
1935 93,5
1936 .58.6
1937 33.6
1938 ‘ 1k,9
1939 : 25.8
1940 _ 19.0
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Supervision and Discipline

The maximum nuiber of men who are under a foreman in the conveyor
sections is 9 to 10, in the mobile-loading section 15, and the maximum
number in the hand-loading sections is. 35; this should permit close super-
vision with two or more visits to each working place during the shift.

From observation and from other information, it is the opinion of the
investigators that the supervision at this mine is not as efficient as it
should be for a mine having as many unfavorable natural conditions. In the
first place, many of the foremen do.not have certificates of competency
issued by the Department of Mines. Moreover, foremen in charge of mechanical-
loading units are required to perform work other than of a supervisory nature;
it is believed that foremen should confine their activities to supervisory
work and to looking after the safety of their men,

FirefFighting

No fire~fighting organization, other than the training of men in the
use and care of respiratory apparatus, is maintained.

PREVIOUS EXPLOSIONS IN THIS OR NEARBY MINES

Vine Yoar Tatalitios
King 1916. 6
Carswell 1919 6
King 1925 2
Keystone No, 2 . 1928 g

MINE CONDITIONS IMMEDIATELY PRIOR TO EXPLOSION

The mine was operating normally and no unusual conditions had been ob-
served during the day or preceding the day of the explosion, The weather
was clear and no sudden drop in barometric pressure had occurred prior to
the explosion,

Some changes in the ventilation had been effected on the preceding day,
and some 3 to i ‘days previously three canvas stoppings had beén erected at
a point along lst left entry where the Nb.'36 room off 2 left air course inter-
gected it, These ventilation adjustments in all probability had a definite
bearing on the accumulation of gas in 36-room, and slight leakage through
these canvas stoppings gradually forced the gas—air mixture out of 36 room
to 2 left entry air course,

Other circumstances that undoubtedly had a bearing on this gas—-air
mixture and igniting source are:

1. The room conveyor unit operating 0ff 2 left entry had been moved
out of the room and the loading head and several pan sections had been rein-
stalled in a new room set-up off 2nd left air course outby 36 room, In this
moving operation the system of ventilating the rooms to right and left off 2
left air course was interrupted, thus short-circuiting the air away from
No., 36 room on the right,
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2. The trailing cable used for the face-conveyor unii, electric coal
drill, and coal-cutting machine working in the newly SUarted 37 room was
temporarlly coiled up along 2nd left air course outdvy XNo, 36 roomnm,

T From information obtained from the machineman who was cutting the
face of No, 37 room neck immediately prior to the explosion 1t was learned
that additional trailing cable was necessary to complete the undercutting
of the place, He instructed his helper to pull some slack in the cable and,
while this work was done, an arc was formed at the nips of the cable and the
explosion followed., It was. also learned that on several previous occasions
arcs were formed at the nip connection and that the cable insulation was
ignited causing a small fire,

STORY OF EXPTOSION AND RECOVEEY OPERATIONS

Shortly after the explosion occurred one of the survivors telephoned
the dispatcher informing him that an explosion had cccurred, The dispatcher
telephoned the outside and the mine officials were notified 1mmed1ate1y.
The dispatcher also telephoned and directed the removal of men working in
the unaffected sections of the mine, Within a half hour a rescue party,
including one doctor, entered the mine and proceeded to the scene of the
explosion, A rescue team with breathing apparatus followed this party shortly
thereafter, Other foremen and fire bosses who were in the mine at the time
were notified and assembled at the scene of the explosion,

The foreman from the left room conveyor section on 2 left (the affected
area), vhile painfully burned, directed and assisted 10 other frightened
and some seriously burned men out of the smoke and afterdamp to the 1lst King
mains haulage entry by the time the first rescue party arrived, These men,
suffering from exposure and burns, received medical and first-aid care at
this time,

A party of six officials, dividing into groups of two men each, began
an exploration trip in the affected area, Two men proceeded inby ul room,
two inby 41 room, and two inby 25 room off lst King mains. The officials
who had proceeded inby 44 room encountered a seriously burned man at the
intersection of 2nd left air course, The two officials who started in 41
room proceeded to 2nd left, then inby 2nd left air course to 36 room, where
they found two dead men near the intersection of 36 room with 2nd left air
course and one semi-conscious man in the break-through between 2nd left air
course and entry, They immediately rescued the injured man and brought him
to the intersection of LY room with 2nd left air course, where he was given
first-aid care by the doctor and first—aid men,

All six officials who started the exploration trip, together with two
State Mine inspectors and others, assembled and explored the affected area
more carefully and found the bodies of the remaining two unaccounted—for men
a short distance inby 36 room off 2 left entry.

The bodies of the four men were recovered by the mine rescue team, who
made the recovery without respiratory protection, and were brought out of

the mine about 10:00 a,m., One of the bodies had been completely cut into
two parts,
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PROPERTY DAMAGE

_ The explosion was confined to the 2nd left conveyor section., A canvas
check curtain and a post had been setafire on 2 left entry 160 feet inby Ul
room, This fire was extinguished by the party making the first exploration
of the section. Relatively little property damage was done with the exception
of disrupted and torn-down cables, damaged electric Junciion box, conveyor
pané moved about, and a cave at the intersection of 36 room with 2 left air
course,

"FORCES

Forces of the explosion are indicated on the maps contained in the
appendix of this report., ZIvidence indicates that the forces traveled outby
to 41 room and inby to the gob area of 35 and 36 rooms off 2 left air course,
to the gob area of 35 and 3b rooms off 2 left entry, and to the gob area on
2 left entry and air course.

FACTORS THAT PROBABLY PREVENTED SPREAD OF EXPLOSION

That the explosion did not extend over a greater area is due Yo several
factors: (1) It is believed that the incombustible content of the dust was
high enough to prevent the spread of the explosion; (2) the open area per-—
mitted expansion of the explosive gases at the intersection of 3 left air
course with 36 room, which minimized the violence; and (3) because of the
probability of a relatively small volume of gas-air mixture with a low con-~
centration of methane, the temperature and pressure developed were not
sufficient to continue propagation of flame through the coal dust,

INVESTIGATION -OF CAUSE OF EXPLOSION

An investigation to atiempt to determine the cause of the explosion
was conducted on January 23, 24, 25, and 26 by the West Virginia Department
of Mines, represented by N, P, Rhinehart, Chief, and Inspectors E. L.
Chatfield, W. W, Jones, and J. W, Hall; the Koppers Coal Company, represented
by J, O. Davis, Frank Kerr, William Ford, John Lindley, and F. J. Bailey; '
and the Federal Buresu of Mines, represented by W, J. Pene, F, E. CGriffith,
J. S, Ferraro, and F, J, Furin, '

A join% coroner's inguest and hearing by the coroner of McDowell County
and the West Virginia Department of Mines will be held.

SUMMARY OF EVIDENCE AS TO CAUSE, ORIGIN, AND PROPAGATION

The explosion is believed to have been initiated and for the most part
propagated by gas; however, that coal dust aided to some extent in the pro-
pagation was evidenced by small deposits of coke on some of the timbers in
the affected areca. That the gas was ignited by an electric arc at the nips
connection of the mining machine cable and the main power cable was sub-
stantiated by statements from survivors, That the cause of the accumulation
of methane in No, 36 room was due to a short circuit in ventilation was
brought out by statements from employees working on a previous shift, to
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the effect that a canvas check curtain and a canvas regulator had been par-
tially or completely torn down on the preceding shift, The fact that analyses
of air samples collected in the explosion area the day after the explosion
did not show an explosive mixture is no criterion that an explosive mixture
did not exist during part of the preceding day, It is known that recent
sudden outbursts of gas have occurred in this section of the mine, and such

a sudden outburst of gas may have occurred just prior to the explosion,

The inspectors of the West Virginia Department of Mines who investigated
the explosion and the Bureau of Mines investigators were in agreement that
the cause of the explosion was the ignition of gas by an electrlc arc at
the intersection of 36 room with 2 left air course,

LESSONS LEARNED FROM THE CONDITIONS AS
THEY RELATE TO THIS EXPLOSION

In the opinion of the Writers, there are three outstanding lessons
learned from this explosion, as follows:

1. That where mechanical loading and conveying of coal are done, all
working places (rooms break-throughs, and entries) should be pos1t1vely
ventilated to the working face; and in at least some cases this should be
effected Dy a properly constructed line brattice,

2, That foremen should not be permitted to do other than 1nspect10n
instructional, and supervisory work.

3o This explosion again clearly demonstrates the fire and gas—ignition
hazard of improperly installed and maintained cables for transmission of
electric power, It demonstrates, too, a need for better qualified and
specifically trained men to install and maintain electrical equipment in
a safe and workmanlike menner,

RECOMMENDATIONS

The following recommendations are made with the belief that their
adoption will materially lessen the chances of occurrence of an explosion
in this mine in the future,

Ventilation

1, The system of ventilating sections of the mine such as is used
where conveyor loading is done should be changed so a definite volume of
alr will pass through the active workings and be directed into the return
through open airways instead of through gob areas to the upcast. shaft,

2. Ventilation should be conducted to the face behind substantially
constructed line brattices in 21l mechanical— or conveyor-loading places
regardless of whether gas is being liberated in detectable amounts,

3. Doors should be used instead of check curtains or "flies™ in
advance workings where it is not practical to erect permanent structures
for controlling the ventilation,
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4, Tatches should not be installed on doors to hold them open, and
doors should be hung in such manner as to insure positive self-closing..
Permanent doors should be eliminated so far as possible by the use of over-
casts, '

5, GCanvas stoppings should not be used whers thelr expected serviée
is for a period longer than 2 weeks; for periods longer than this stoppings
should be constructed of incombustible material.

6. Absndoned or worked-out sections or the mine that cannot be
thoroughly ventilated and inspected should be sealed with tight incombustible
stoppings.

Allaying Coal Dust

1. Water should be used on all mining machines, on loading machines,
before and after blasting, and on loaded and empty cars.

2, All working places should be kept thoroughly wetted in the face
regions for at least 4O feet back from the face,

Rock#Dusting

1. Accumulations of coal and coal dust should be promptly cleaned up -
and loaded out,

2. Rock dust should be applied to the surface of all openings, airways,
entries, haulageways, rooms, and crosscuts to within at least 4O feet of the
working faces in sufficient amount so the incombustible content will be at
least 65 percent, If the face region is not kept wet, the rock-dusting
should be extended to the face. ' o

3. If methane is present in the air current, the incombustible content
should be increased about 1 percent for every O,1 percent of gas present.

I Samples of rock dust should be collected frequently in various
places throughout the mine and, when analyses of such samples disclose that
there is less than 65 percent incombustible present in any portion of the '
mine, redusting should be done immediately so the required amount or more of
incombustible will be present at all times,

Explogives

1. The use of permissible explosives should be continued, but they
should be charged and fired in a permissible manner,

A review of the conditions of use of such explosives to comply with
permissibility is as follows:. :

(2) That not more than 1-1/2 pounds be used in any one borehole.

(b) That electric detonators of not less than No, 6 strength be used.
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(c) That holes shall not be drilled on the solid or the shot have
a burden so great that 1t is 11kely to blow out,

(d) That the explosive be tamped with incofioustible stemming to
the colar of the hole,

(e) That the shots be fired with a perm1s31ole battery or other per-
missible firing device.

(£) That not more than one shot be fired at a time and that no shot
be fired in the presence of a dangerous percentage of explosive gas,

2, Competent shot firers should be employed to do all shooting of '
coal and rock, and they should make tests for gas before and after firing
each shot,

3. No more explosives shouid'be-taken into the mine or. stored under-
ground than is necessary for one day's operation,

Electricity

1, All electrical equipment used at or near the face of workings
should be of the permissible iype and should be maintained in a permissible
manner,

2+ TIrolley or cable-reel locomotives should be operated only in pure
intake air (containing not less than 20 percent of oxygen and not over 0,05
percent of inflammable gas) and in no event should they be operated beyond
the last open break-through,

3. The guarding of bare trolley and other bare electrical trans-—
mission lines should be continued wherever théy are less than 6-1/2 feet
above the rail and these should be maintained in gocd condition.

4, The splicing of cables underground should be prohlolted and standby
trailing cables should be provided for immediate replacement of worn or
damaged cables, All trailing cable splicing should be done on the surface
where they can be vulcanized efficiently.

General

1. Room development in conveyor mining should be done in pairs from
one entry only,

2., Self-rescuers should be tested ét least monthly by submersion
in hot water and if air bubdles appear they should be discarded.

3s Only competent certified foremen should be employed.

4. TForemen's activities should be confined to supervision and to
safety inspection work,
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