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OFFICE oF CHIEF MINING INGINEER,
U.S. BUuREAU oF MINES,
WasHiNagroN, D.C., March 1st, 1917.

1
Hon, William Sloan,

AMinister of Mines, Province of British Columbia,
Vietoria, B.C.

DEear Sir,—I have the honour to submit the accompanying report of my investigations into

the causes and possibilities of avoidance in future of the disastrous ‘ bumps ” which occurred in
the year 1908 and recently in November, 1916, in the Coal Creek mines of the Crowsnest Pass
field; and incidental to that inquiry, what precautions might be taken in regard to outbursts
of gas, ‘ -
In response to a request for my services made by yonr Department to the Director of the
United States Bureau of Mines, I was detailed to undertake the investigation, and aeccordingly
arrived at Fernie, 13.C,, on December 2nd, 1916. There I was met by W. F, Robertson, I'ro-
vincial Mineralogist; Thomas Graham, Chief Inspector of Mines for the Province; 1. 1L
Williams, Inspector of the Coal Creek District; and George O'Brien, Inspector of the Michel
District. These gentlemen, during thie two weeks of iy investigation, accompanied by the
officials of the different mines, and at times by W, R. Wilson, general manager of the Crow’s
Nest PPass Coal Compauny, escorted me in and about the mines at Coal Creek and Michel,
éxp]aining the mining conditions and methods, the nature and circumstances surrounding the
occurrence of the ' bumps ” and ontbursts of methane or fire-damp.

I am also indebted to W. R. Wilson, general manager, aund the varions oflicials of the
Crow’'s Nest I’ass Coal Company, the only company now operating in the main Crowsuest field,
for the conrtesics extended during my investigation. Every facility was offered in visiting the
mines, in obtaining information, and the services of the efficient engineering department of the
company were freely given for the preparation of maps, sections, and other data.

Before leaving IFernie I drew up a preliminary report, copies of which I handed to Messrs.
Robertson and Graliam, so that there might be no delay in presenting my views to them as to
the dangers threatening and precautions already taken at the initiative of the mining company,
as well as by order of the Chief Inspector of Mines. This report recommended that perinission
be given to the company to reopen and use certain entries in the No. 1 Iast mine passing through
the area most seriously affected by the “bumps” and in which work had Dbeen temporarily
prohibited by Mr. Graham.

The general conclusions given in the preliminary report, which in the main features are
adhered to in this final report, were arrived at after many conferences locally with those best
qualified to give explanations of the phenomena encountered in the past and suggestions concern-
ing the geologic and other natural conditions found in mining, together with the best means of
meeting the difficulties.

Suggestions of special importance were received from Messrs, Robertsou and Graham, and
General Manager W. R. Wilson, the latter showing breadth of vision in the consideration of
future work and methods of overcoming difficulties, and rendering my task far easier, by pre-
senting a plan of future workings of the Coal Creek mines on the south side of the valley that
met practically every suggestion that I had to make in the matter of safety in working.

During the investigation many samples of gas and coal, as well as of coal-dust, the latter
for determining the explosibility hazard, were taken and sent to the Bureau of Mines Laboratory
at Pittsburgh for analysis and special testing. These laboratory investigations, some of which
involved special methods of handling, have now been completed and show some most interesting
results, and should my recommendation for a permanent commission for eontinuing the investiga-
tions into the geophysical and mining conditions of the Crowsnest field be carried out, would be
very suggestive of certain lines of further investigation.

I trust that this report may be of value in helping to point out what may be done to make
mining safer in the Crowsnest coalfield, which is of such great importance through its extensive
fuel resources to the Province of British Columbia and the adjoining regions.

Yery respectfully yours,
GEORGE 8. RICE.



REPORT ON

BUMPS AND OUTBURSTS OF GAS

IN THE

CROWSNEST PASS COALFIELD:

SUMMARY OF D’RINCIPAL I'1INDINGS CONTAINEDR TI{ERELN.

The Crowsnest field is regarded by Canadian geologists as the most important coalficld in
© British Columbia. :

This field presents unusunal natural difficulties, because the coal-beds are at the base of an
elevated plateau; it is impossible lo reach the coal except. through ontcrop; the coal is also
under a heavy load requiring great care in mining to prevent squeezes and * bumps.”

The coal-heds are very gaseous; that is, they have large methane (fire-damp) flows at Coal
Creek and Micliel ; and at Morrissey outbursts of gas occur unequalled except in certain mines
in Belgium, .

“Bumps " are not related to gas-outbursts, but they may occur, as in the State of Washing-
ton and in Great Britain, wheve the overlying rocks are rigid and there is great weight of cover,
and when mining has either extracted too much coal in advance mining or it has not been taken
out completely, starting from the outcrop, which would break the overlying rock in successive
slices and thus prevent ‘ bumps.”

“Bumps ™ are believed to be caused by the subsidence of the roof in certain areas under
rigid rocks, leaving a great unsupported span of rock stratum. When one of these has given
way it means the hammer-like blow of thousands of tous of rock striking on the immediate roof
or flexible stratum overlying the mine, which lmparts the blow downward, breaking timber,
ausing extensive falls in the mine, and seunding rock-tremors through the strata.

Improper mining in No. 2 mine was the cause of “ bumps ” in that mine in 1807-8, and in
turn the subsidence over this area affecting the strata higher up caused the recent * bumps”
in No. 1 mine. 1

“Bumps " may cecur in fulure over the same area, hut, it is probable, with decreasing force,
as the rock stratum broken down in each case has less distance to fall, has less load, and is more
distant in height above the mine,

If the measures proposed are carried out—rviz., of taking out less than 15 per cent. of coal
on the advance and taking down the rash and roof coal in the working-places in No. 1 mine—
there is comparatively small danger to life for the men employed underground.

To give warning of impending outhursts of gas in certain dangerous zones with the advance
of the working-places, long drill-holes should he kept drilled in advauee,

To provide for the large vegular flows of methane, well-kept-up airways of large area and
powerful fans should be employed, with nample margin of capacity.

A permanent commission should be formed to further investigate and review the evidence
collected by members of the commission, the Inspectors of Mines, and others, having among its
membership a geologist, a mining engineer, a chemist, and an experienced mine operator.

GENERAL STATEMENT ABOUT “ BuMPps” IN Coarn, CrREEK MiINES AND CALL ¥OrR INVESTIGATION.

During the years 1006 to 1908 a series of * Lumps,” causiug loss of life, occurred in the
No. 2 mine at Coal Creek in the Crowsnest coalfield of British Coluinbia, Prior to this, ** bumps "
had been noted, but had not been considered serious. Im January, 1907, the first loss of life
ocewrrred through a ** bump,” and after that time others occurred of increasing intensity, until
on July 81st, 1908, four men were killed nnd twenty others temporarily entombed and narrowly
escaped suffocation from gas. A great volume of gas was liberated by the “ hump,” accompanied
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by breaking-dowh of return overcasts and complete blocking of the main entry for 600 feet.
This disastrous “ bump ™ caused the mining officials of the Province to set off a district in the
No. 2 mine in which working was prohibited on account of the dangers from the * bumps.”

As a further result a change was made in the system of mining, nnder which less than
23 per cent. of the coal is taken out, the Balance to remain in pillars until the selected boundaries
have been reached and the retreating work begun. The No. 1 East mine had then been started in
the so-called No. 2 bed, lying about 170 feet vertically above No. 2 mine. It had been opened out
unsystematically along the outcrop, but a change of plans was made, and the mine was developed
on systematic lines, with narrow rooms and large pillars. The mining development was vigor-
ously pushed from 1907 to the present, until the area of workings covered and extended beyond
the area over the abandoned, prohibited district of the No. 2 mine.

Everything proceeded nicely, except for the large flows of methane encountered in the
development of the mine, until 1916, when, without preliminary warning, on the nights ‘of
November 7th and 8th, three “bumps” ocenrred, the first two somewhat local in effect, but
the third of tremendous force, which Lroke down timber and shook down falls of roof through
a large part of the active mine-workings. It caused earth-fremors which were felt for miles,
not only in Fernie, five miles away, but in other towns to the north and south of Fernie. This
was all the more extraordinary as Fernie lies on a great shale-lied underlying the coal-measures.

In spite of the intensity of the “bumps™ and the great destruction in the workings, only
- one man was killed, This death resulted from the second “bump”j several men were hadly
bruised in the third great *“ bump,” and some of the escapes of the men in the mine were almost
nmiiraculous on account of the great arca of roof which had fallen. Had this great * bump”
occurred during the day shift the loss of life conld not but have been very great, as areas in the
rooms and entries through the most active working section, aggregating thousands of feet in
length, were heavily eaved.

A fourth, milder, and more local “hump” occurred en November 13th, and, after the
investigations here reported, another “bump” of cousiderable severity occurred on January
12th, 1917, according to commmmnication from Mr. Graham, affecfing the west return airway
for several hundred fect outby the No. 11 West. TIegser *“bumps ” not eaunsing violent vibrations
are heard from time to {ime, the sound Leing like a heavy knock or a distant blast.

As a result of the “ bummps " of November 7th and &th, the operating company, the Crow's
Nest Pass Coal Company, and the Department of Mines of British Columbia were deeply
concerned for the immediate and the future safety of the mine. especially on account of the.
danger to the mine-workers. Accordingly, Thomas Graham, Chief Inspector of Mines, tempor-
arily prohibited work in certain large aveas of thie No. 1 East mine (inby the No. 10 East and
No, 10 West). The writer was invited hy the Minister of Mines, through the Director of the
United States Bureau of Mines, to investizate and report upon the nature of the “ humps,” and,
if such are unavoidable, how danger to the underground workman might be minimized. The
invitation being accepted. the writer jonrneyed to the Crowsnest field and investigated, in
December, 1916, several Coal Creck mines and the Michel mines, at the north end of the field.
He inspected practically all aecessible workings, arranged the taking of samples of gas, coal,
and of coal-dust, and the drilling of test horeholes in advance of, or at the side of, selected
working-places to determine the gas-pressures. IHe conferred with all the mining men who could
throw light on the problem, especially W. R, Wilson, General Manager of the Crow’s Nest Pass
" Coal Company; W. F. Itobertson, Provincial Mineralogist; Thomas Graham, Chief Inspector
of Mines of the Province; T, H. Williams, Inspector of the Coal Creek I)i'sr'rict; . O'Brien,
Inspector of the Michel District; and many mine officials of the company, He is greatly indebted
to all of those named for the information secured for this report—to My, Michell, Mining Assistant
to Myr. Graham, who took charge of the sampling, also of the test boreholes drilled to obtain
gas-pressures, and to A. C. Fieldner, Chemist of the United States Durean of Mines, who made
analyses and who developed a new method of testing coal samples for the amount of occluded
gases given off in crushing the coal.

NATURE oF Bumps aND OUTBURSTS.

Before proceeding to a more detailed statement of the phenomena of *bumps” and “out-
bursts ”” in the Crowsnest field it will be well to define what is meant by such terws, both as
applied in the Crowsnest field and in other mining districts of the world. W. ¥. Robertson, in
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his report on “ bumps " in the Crowsnest coalfield, published in the Annual Report of the Minister
of Mines for 1908, stated :—

“The term *bump’ is soniewhat descriptive of the sensation produced by their oceurrence a
certain distance away—a sudden jarring of the mine, produced by the sudden giving-away or
cracking of the strata above or below the coal-secam.”

Thomas Graham, at a meeting of the Mine Inspector’s Institute of the United States of
America at their Joplin, Missouri, meeting on June 13th, 1916, in an instructive paper entitled
“ Some Gaseous Mines in the Crowsnest Pass Coalfield,” states:—

“The term ‘ bumps’ is a somewhat local expression nsed to describe the ominous signs that
betoken the movement of the strata overlying the several seams operated in the Crowsnest Pass
coalfield. 'These * humps,” although accompanied by more or less heavy discharges of gas, are
not in the nature of outbursts of gas and coal deseribed.” (Mr, Grabham bad deseribed outbursts
at the Morrissey Colliery.)

It is to be noted that the recent (November, 1916) “ bumps” in the No. 1 East mine were
not accompanied by outbursts of gas. Miners sometimes use the term “bump” to designate
small disturbances local in their nature, due apparently to issnance of gas at the face of the
mine, accompanied by loud cracking or knocking sounds in the roof or in the face-coal shich
may be thrown down. “Bumps” are not confined to the Crowsnest field; apparently the term
originated in Great Britain, as violent *“ bumps ** occur frequently in mining the 10-yard seam of
South Staffordshire, the writer was informmed in visiting that distriet in 1908, and evidently had
been known for years. “Bumps” occur in the Carbonado mines in the State of Washington,
also in the Sunnyside mines of Ttah. The characteristic features in common are thick or deep
cover over the coal-bed, and this cover contains a series of massive rigid rocks like conglomerates
or massive sandstones.

It therefore seews best to apply the term “ hump ” to designate the very violet effect produced
by profound rock-movements resulting in earth-vibrations, which on a large scale would be called
an earthquake. The effects are quite different from those produced by * outbursts ” of gas, mine
“squeezes,” or “ falls" of insufliciently supported roof. The two latter phenomena, as well as
“hmnps,” may or may not be accompanied by release of gas. On the other hand, * outbursts ™
of gas themselves are not productive of earth-vibrations. Accordingly, it seems wise to distin-
guish between the phenomena mentioned, althiough hoth * outbursts ” and * bumps” have this in
common, that of great thickness of cover over the coal-lied.

AIR-BLASTS.

That gas contained in the stratia under high pressnre is not a cause of * bumps ™ is indieated
by the non-occurrence of * humps 7 as an accompaniment of gas-outbursts which occurred in the
Morrissey collieries, described Ly Mr. Graham in the paper referred to. XNor are * bumps"”
reported in the mining regions which are subject to disastrous “outbursts,” for example, of
methane in the Belgian coalfields and of carbon-dioxide gas in mines in a certain coal-basin of
Central France.

On the other hand, in eertain metal-mines which do not give off any gas when great depth
is attained, as in the deep Lake Superior copper-mines, and the deep gold-mines of South Africa
and elsewhere, serious * air-blasts ™ have occurred of a nature very similar to * bumps.”

CrowsNEST COALFIELD,

The Crowsnest coalfield iy spoken of by Mr, Dowling in Memoir 59, * Coal Fields and Coal
Resources of Canada” (excerpt from * Coal Resonrces of the World,” published under the
auspices of the Twelfth International Geologicul (‘ongress), as being * the most important body
of coal that is being mined in the Provinee,” It is an elevated trough, narrow at the north end
and wide at the south, the southern part broadening toward the south-east. (Sce Exhibit 1,
which is Platé VI. from atlas accompanying the * (‘oal Resources of the World.”) The extreme
length north and south is thirty-five miles, and the greatest width along the southern half, a
little south of Coal Creek, is thirteen miles, There ave also some outlying patehes of coal in
high mountains farther to the east. The field covers 230 square miles, and is estimated to
contain, according to a report issued on “ Coal Resources of the World.,” in seams over 1 foot
thick, 22,595,000,000 tons of bitumminous eoal in “ actual reserve,” 20,750,000,000 tons in *“ probable
reserve,” and 2,160,000,000 tons in beds 2 feet thick and over at depths greater than 4,000 feet
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Following are analyses of the coals produced by different collieries, as given on page 116
of Memoir 39:—

Analyses of Samples taken in Coal Creek Mines, December 1st to J.’h‘-h, 1916.

MOISTURE: P"OX'MATF&“%‘;;;{J:‘;S_;:&*K“'E" Coarn Drikp Coal.
Colliery. s
E I‘Tl: m&gﬂ?d Yolatile. (:ul-‘l(:;"\ Ash. Sulphunr. B.T.1.
Michel —
D e e R .4 0.4 24.8 C62.7 12.5 0.5 13.270
N i T i g 1.9 0.7 22.6 65.5 11.9 0.4 13,360
1o M e S L 3.0 1.1 24.1 65.7 10.2 0.6 13,480
Hosmer—
fofTepL MR St I 1.7 0.9 2143 63.4 15.3 0.3 12,710
e o r e e A 2.6 1zl 25.0 62.0 12.4 0.6 13,090
DA Ty 4.0 1.3 28.0 64.5 7.5 0.6 13,990
Coal Creek—
- T e 2.2 I 926.3 64.7 9.0 | 0.5 13,820
T e e L 1.6 0.5 22.0 65.2 10.8 { 0.5 13,480

The samples were taken in certain places in the Coal Creek mines by Mr. Michell, under the
direction of the author, and analyses made at the United States Dureau of Mines Laboratories
at Pittsburgh by A. C. Fieldner, chemist. The samples werce gathered at the respective points,
ten in a]],':md immediately placed in tight jars (Mason jars)., On reaching the Pittsburgh
laboratory they were treated in one of two ways: Three samples were analysed for moisture
as received, moisture when drvied, volatile matfer, fixed earbon, and ash; also the ealorific value
was determined, The other seven were opened munder water to determine the amount of gas
that had been given off since gathering; hence the moisture as received could not be determined,
but the othier components were determined, as in the first lot. While the jars had rubber gaskets
and were wrapped with insulating-tape, it was evident that gas in cach case had escaped iu
transit, ag in all cases gas and air in mixture in the cans was at atmospherie pressure.

The samples were not taken by the standard method of sampling by picking a groove from
top to bottom of the coal-face, but by gathering nut-sized pieces from top to bottom. This was
done to obtain sampling for testing for occluded gas at the laboratory, hut there is some question
if such a sample is an average of the face at the respective points of sampling in the matter of
ash content, but it is not probable that there is any essential difference in the ratios of the other
constituents.

The special purpose in taking these samples was to determine, in conjunction with a series
of road-dust and rib-dust samples taken at the same time, the explosibility of the coal-dust found
in the Coal Creek No. 1 miue. Also for this purpose a large 3%-ton sample of coal was obtained
from the face of the mine and shipped to the experimental mine at Brueccton, Pa., swhere it was
crushed, pulverized, and tested. Similar coal-, rib-, and road-dust samples were sent from the
Nanaimo mines, Vancouver Island, B.C. The results obtained in the tests form the subject of
special reports to the Chief Inspector of Mines of British Columbia by the United States Bureau
of Mines.

Face Section Samples, Coal Creek Mines.

Colliery. Loeation in Mine, g%" rab. No, g‘lli‘:(; s o = =
e | Mois- Yoln- ¢ 5
TS ture. tile. |Carbon. Adly. phur. B.T.U.
Coal Creek— ; i '
No. 1 E.... {Face, 10 East..... o B 27155 | 1.08 @ 0.50 | 23.25 | 63 60 l 12.65 | 0.31 13,529
No: 1ES | e LT s 5 27157 1.58 ¢ 0.50 | 21 35 | 65.05 | 13.10 0.34 | 13,462
AT Face, Main level ...| 18 27158 | 1.12 | 0.70 | 24.05 i 66.05| 9.20 | 0.57 | 14,081
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I'ace Section Samples, Coal Creck Mines—Concluded.

NoTE—As the following samples were used for making oceluded gas determinations, the moisture

. was not determined.

PROXTMATE ANALVSIS

{ATR-DRIED). Driep CoAL.
Colliery, Location in Mine. g(!:)" Lab. No.
b | Yiie |ckenon.| As | ghwar, | B
Conl Creek—

b [T [ . Fuce, No, 22 room, 10 B ..| 2 27154 | 0.55 | 24.78 | 65.17 | §.50 § 0.3] 14,047
Noy 1 B .. Face, No, 1l room, 9K ..| 4 27156 | 0.40 | 24.23 | 66.562 | 8.85| 0.32 | 14,063
No, 8.......|Face, No, Zincline ,..... 17 27159 | 0.55 | 2852 | 63.831 7.10} 0.54 | 14,319
g e Face, Main level .........] I8 27160 | 0.55 | 27,17 | 70.28 | 200} 0.41 | 14,260
by e A Face of K. slope.......... 19 | 27161 | 0.45 | 26.99 | 68.46 | 4.10¢ 0.45 | 14,879
No. 1'S., ... Face of Main level......., 20 27162 | 0.45 | 27.80 [ 65.35 | 6.40] 0.27 14,602
No, 1 8. Face of No. 5 incline...... 21 27163 | 0.60 | 26.86 | 67.84 | 4.70 | 0.33 | 14,837

NoTe.—The above samples are reported on a slightly different basis than {fhe previous analyses quoted
from the Canadian Survey Report, in whieh the coal was reported on a moisture-free basis.

analyses are on air-dricd basis,

GAsEs GIVEN oFF BY COAL-MEASURES.

The above

It is a mormal condition In deeply bedded coal to find hydrocarbon gases Loth in the coal
itself and in the enclosing rocks. 'fhere is, however, the widest difference in the amount of gas
encounfered by mining in the various coalfields, and almost as great a difference between
different beds in certain coalfields. Some coal-heds are considered non-gaseous, although prac-
tically every bed gives off a little gas, but unless it gives it off fast enough to accumulate as

a body of gas it is usually rated as non-gaseous,

Gax is lheld in the strata in two ways:—

(1.) A filling of the pores of the crevices, eracks, and bedding-planes under more or less
pressure, so it is given off rapidly when it is liberited by the advance of the mine-workings,
or where it ocenrs in a roof stratum when the roof material breaks down, or there is a slip swhich
intersects a main slip, crevice, or rock-joint in which the gas may be stored under pressure.

(2.) The other form is stored in cells of the coal and is commonly known as “ occluded ” gas,
Such gas is liberated slowly when the coal is broken, aund with each erushing of thie coal more
gas is liberated. With some kinds of coal there is comparatively little gas released;
coils there is a large amount. Generally, when there is a large amount of so-called * occluded ”
gas, the cerevices and cracks of the strata are also charged with gas.

The amounts of gus thns held in the coal, which for want of a lLetter term will be called
“oceluded” gas, in different districts has been sumnuirized in Bulletin 72 of the United States
Bureau of Mines, by N. 1L Darton, entitled © Oceurrence of Explosive Gases in Coal Mines.”

In many of the investigations whicli have heen made to determine the amount of gas given

off by broken coal, the coal has been heated.
there is move or less destructive distillation.

in other

This is not a proper method of determining, as then
When the tests have been made using atmospheric

pressures, the volume of gas from a unit of coal has been found to vary from one-half to one
When finely crushed and kept standing for six

and o half times the volume of the solid cnal.

months, anthracite coal gave off 1.83 of gas, chiefly methane.
given off was very much less thau one voluine.

Ifor shorter periods the quantity
This Chamberlain found to be trne of other coals,

so that in comparing one kind of coal with another the question of size of erushing and length
It is necessary to know the procedure followed by
experimenters in making comparison of results, since as yet there has been no standardization of

of time seems to be an important factor.

method.

Occruptp Gas 18 CoaL rroar CoAn CrEEK MINES,

A reries of special sanmples of nut or egg size were taken in the Coal Creek mines in different
_headings and rooms, put into Mason jars at the point of sampling, sealed. and sent to the Bureau
of Mines, Pittsburgh Laboratory. Ten samples were taken, Laboratory Nos. 27154 to 27163,
inclusive, and on reaching Pittsburgh seven of them were opened under water and were found

to contain from 0.06 to 0.23 volumes of methane per volume of coal.

There was a little carbon
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dioxide, and it will be noted in the analyses given in the table, which follows later, that there
was little oxygen. That sealed in with the coal had largely been absorbed by the coal.

It is evident from a study of the gas analyses that there was escape of gas fronm the
containers; oxygen plus carbon dipxide is much lower in ratio to the nitrogen than should be
the case, The gases in the cans on arrival were found to be at atmospheric pressure.

MeTHOD oF GRINDING THE COAL 1IN Vacvo.

Tests were made on one of the samples from Coal Creek, Can No. 16, Laboratory No. 27158,
to determine the amount of gas given oft while the coal was being ground and subsequently in
vacno, in an apparatus devised by A. C. FFieldner, Chemist of the Bureau of Mines. The method,
it later appeared, was first used by a Frenchman, Henri Ghysen, in 1902, but apparently without
results of importance. § '

For comparison, a sample of coal from the Pittsburgh, I’a., experimental mine was similarly
treated, and likewise at a later date several samples from Nanaimo mines, British Columbia.
The latter samples had been sent by the Chief Inspector of Mines, Mr. Granhamn, in conjunction
with samples of coal and dust for explosibility testing at the experimental mine. The methed
used by Mr. Fieldner is as follows:—

Immediately after opening the sealed glass fruit-jar, in which each separate small sample
was taken and sealed at the face of the mine and then shipped to Pittsburgh, the large lunips
were quickly broken to pass through a 34-inch screen. All that passed through a 14-inch screen
was rejected; 125 gramines of the ¥%- to 14-inch coal was at once placed in a gas-tight steel ball-
mill (constructed in the Bureau's instrument-shop) containing flint pebbles, and the mill was
rapidly evacuated to 3 m., mercury pressure. The air and gas evolved by the coal during the
evacuation was collected, measured, and analysed. Inasmuch as only a few cubic centimmetres
of gas were removed from the coarse coal during evacnation, it was asswned that pl'actical]y'
no occluded gas would be lost during the preliminary operations.

The evacuated mill was rotated two hours, which by a preliminary test was shown sufficient

“to permit 90 per cent. of the coal to pass throngh a 200-mesh screen. (Apparently the fine grind-

ing is the important factor in getting results so different than found by previous laboratory
investigations.) The mill was then connected to a mercury-pump and evacuated; the gas
collected over water, measured, and analysed.

The samples were ground * as received” from the mine and not air-dried. Several of the
samples were ground submerged in water, in order to prevent the effect of heat from grinding,
as it had Leen suggested that ethane and propane might have been produced through such
heating. This, however, did not prove to be the case. The resunlts are given in the following

table :— . ;
Occluded Guases in Coal.

T e N D St s T e st ot e bty ool ee Sm ey LT P s .16 Pgh. coal
| U300 8 0] oyl i e e R S P e e o e 27138
Weizht ol ((ETaAMINES )] Gieietaisisls vyl e v idsrbeliistaeels 125 125

Cuantity and analysis of gas puped out of ball-mill before
and after grinding—
Before grinding—

RO volune gasiao iin omm s v el e 1,493 1,517
Analysis per cent.—
e e it )l I T e 0.36 0.08
O B A T T UL ) ST T el e 1S W A
e T T R = T 0.40 0.13
e I o W S 20.75 20.76
G, A O S i s R A R S RS S e e e 78.49 79.03
After grinding— :
Tofal volymelof SASICICR LA Sotiias dure i aa ib s iiss 263.0 5.6
Analysis per cent.—
g A A IR el Ml e, R BT 15.3 10.2
(89 3 PNE R o T S RS s i SRR duel b 19.8 4.7
0 TTE-L < ols oy e h e iaala e e s e A b A Fe R e Vel 2.8 12.0
(imtpml U] - W Ny e e S o T M Tl S e 21 2.6
R e e TS A e M R A S B o e R 20.0 70.5

* At 0° C. and 760 mm. pressure.
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Total occluded gases in c.c. per 100 grammes coal*—

B T e R T A o T 1 37.6 6.6
R e e A e =TSR STl P B, B ol e 126.0 2.5
(B et et s ol 2 p e e i R R s o S
(0] 0 S ool ot e ey e e e e U o e (R AN I IS O 11.9 8.3
DT Sr L TRLNCL Lo P e L A N o VAN S T 244 31.5
e T e AN et e o (T, e e 199.9 48.9

It will Le noted that 100 grammes of the British Columbia coal gave off 163.6 c.c. of methane
plus ethane, and 100 grammes of Pittsburgh coal gave off 9.1 c.c. of methane plus ethane. Also
in the former coal ethane was the predominating combustible gas. No CO or hydrogen was
obtained from ecither coal. Mr. Fieldner comments that it is unfortunate that the containers
leaked in transit. Flad they been absolutely gas-tight it is certain that much more gas svould
have been obtained prior to grinding.

It appears that on evacuating the containers ethane is removed from the coal in addition
to methane. No ethane was found in the gas surrounding the coal in the glass container. Neither
has ethane been found thus far in the blower-gas samples from these or other mines investigated
by the United States Bureau of Mines. It was suggested that possibly the ethane resulted from
a heating effect during grinding of the coal in the ball-mill. Therefore, Mr. Fieldner had the
experiment repeated. but grinding the coal while wet; ie., the coal was actually covered with
water in the mill while Leing ground. Kthane was again obtained in muech the same ratio as
before. Ience there is no reason to suspect decomposition by heat. Other investigators have
found ethane in the gases pumped out of coal, although not in such large proportions.

Mr. Fieldner suggests valuable information might be obtained by employing some special
gas-tight containers into ~vhich the fresh British Columbia coal could be put after screening
at the face of the mine. The sealed container should be so designed that on arriving at the
laboratory it could be connected directly to a vacuum-pumyp, the gases removed, and then placed
in a suitable machine for rotating it so as to pulverize the coal in vacuo, and again remove and
measure the gas. .

Aunalyses were made by F. M. Seibert of gases found in glass fruit-jars containing samples
of fresh coal taken by Mr. Michell, of the inspection service of British Colummbia, at various
working-faces of Coal Creek Colliery, British Columbia, December Tth to 13th, 1916, and sealed
immediately. Analyses were mmade after arrival of samples at Pittsburgh, January 4th to Sth,
inclnsive.

CoMroSITION OF GAS IN COAL SAMPIE CONTAINERS.

PERCEXTAGE OF COMPOSITION OF GAS.
o Total Total c.c. CH4
Sample No. Lab. No. 1) %ggf of | yolume of ("I;) gl}?]e per Gram.
. Gas. 4, CH4 co, 0, N2 of Coal.
Gramres. G.C. C.C.
| B A, o e 27159 737 286 184 64.1 1.4 1.0 33.5 0.25
LS e o M e 27160 788 366 90 24.6 0.9 4.4 70.1 0.11
T E e I 3 e 27161 905 301 81 27.0 | it 3.2 68.6 0.09
2 Sl T 27162 827 338 53 15.8 0.4 12 82.6 0.06
1 (R AR L o RO 27163 264 e 0.3 1.6 20.0 78.1

It was evident that all the containers permitted escape of gas in transit, as in all cases the
contents of the cans were at atmospheric pressure. It will be noted tlie above gases contained
no ethane. -

Occrupep GASES IN NANAIMO CoAL.

Subsequent to testing the Coal Creek and I’ittsburgh coal in vacuo, samples were obtained
from the Nanaimo mines of Vancouver Island, B.C., which had also been sent for explosibility

* Corrected for air leaking into ball-miil during grinding as indicated by the oxygen percentage.
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testing. Incident to that inquiry, tests were made of the gases given off by the coals, using the
method of fine grinding in vacuo. The results are given in the following table, including for
comparison those of the Coal Creek and Pittsburgh coal previously reported in detail.

Occluded Qascs in Coal from Pittsburgh, Pa.; Coal Creek, B.C.; and Nanaimo, B.C.,
at 760 MM. and 0° C.

C.C. PER 100 GRAMMES OF CoaL.
Mine. Sample.

c.C. Vols.
Pittsburgh, Pa...... ol [ s 48.9 3.5 .3 6.6 2.5 9.1 G.12
Coal Creek, No. 3..... 16 199.9 24 .4 11.9 37.6 126.0 163.6 219

Nanaimo coals—
No. 1, Western Fuel| 10 139.0 51.3 3.1 62.7 21.9 84.6 1.10
No. 1, " 11 169.4 9.0 2.0 128.6 29.8 158.4 2.05
Reserve mine *. ... ... 1 46.9 43.1 1.3 1.0 1.5 2.5 0.03
W S iR 2 69.6 40.5 2.9 20.5 5.7 26.2 0.34
" 3 TR 2 28.7 14.2 0.2 10.7 3.6 14.8 0.19
" S 2 16.7 14.1 0.3 2.0 0.3 2.3 0.03
" R o 3 48.2 13.5 0.1 210 13.6 34.6 0.45
' h SO 4 24.0 14.8 0.3 1.8 7.1 8.9 0.11
" fle o Sk 4 0.5 6.0 3.6 9.6 0.12
L 5 37.9 20.1 0.9 5.0 11.9 16.9 0.22

* Itesult approximate as to absolute quantity, as a little gas was lost in making the measuvement.
t Ground In vacuo but under water, grinding not so fine as when dry.

1 Not ground fine.

i Groand in atmosphere of nitrogen; hence nitrogen given off by coal could not be determined.

No carbon monoxide nor hydrogen in any sample. Samples 2 and 4 ground in atinosphere
of hydrogen, which was absorbed to greater volume than the other gases evolved; iun the case
of 5 the contraction was 51.3 c.c.

ANALYSES OF BLOWER-GAS SAMPLES FROM (CoAL CrREEK MINES.

Following are the analyses of gas from bLlowers issuing from special boreholes in the rib-side
of headings in the Coal Creek mines analysed (a) by the Canadian Department of Mines, and
() by the United States Bureau of Mines:—

Location in Mine. Dy, 0‘2. Ciig) N. Air. Ex{vzess

1. No. 1 East mine, No. 1 borehole, 18 room, 10 East (a)..... 0.07 | 13.3 |.30.7*% | 55.3 63.5 5.8
Bottle broken in transit (b).

2. No. 1 Kast mine, No 1. borehole, 22 room, 10 East (a)..... 0.07 | 14.7 | 22.81 | 61.8 70.2 7.0

" " " (s 0.10 | 20.69 | 0.14 | 79.07 | .... { ....

3. No. 1 East mine, No. 3 borehole, Counter main level (a)....| 0.8 17.7 | 10.7% | 70.8 84.5 4.8

% ,, 5 (b)....| 0.89 | 18.27 | 11.64 6920 | .... | 0.5

\ot(s bl/ hml;/sf Canadian Departmment of Mines:—
* No cthane present. DPresence of hydrogen in small guantities seecms evident.
7 No ethane or hydrogen detécted in sample
1 Probably trace of hydrogen.

It will be observed that analyses of duplicite samples 2 (¢) and 2 (b) disagree badly. It
is conjectured that the wax stopping of one or both of these samples and 8 (@) and 3 (d) fal]ed
in transit.

REVIEW OF GAS ANALYSES.

Regarding the analyses of gases from the hLoreholes as the samples were gathered from
special boreholes drilled to obtain pressures as hereinafter described (page 19), these boreholes
being cased with pipe set in cement, it is improbable that air could have leaked into the holes
from which the gas issued with some pressure. The gas was collected in evacnated tubes, the
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tube-opening being held in the mouth of the casing. Either air entered at the point of collection,
in spite of the care exercised by George O'Brien and D. Michell, or the wax stopper permitted
entrance of air in transit. Nevertheless, it will be observed that there was from § to 7 per cent.
of nitrogen in excess of that of normal air; hence it is probable that nitrogen is a constituent
of the gases given off by the strata.

It will be observed that the analyses of the hlower-gas report no ethane content, although the
analyst mentions indications of hydrogen. Iu previous analytical work on the many mine-air
and gas samples collected by the Inspectors of British Columbia in the Crowsnest mines, no
hydrocarbon gas other than methane has heen reported.*

The contrast with resnlts from fine grinding are most striking; the amount of hydrocarbon
gases reported by Mr. Fieldner figured to volumes of gas to volume of coal (assnming for
approximate figures a specific gravity of coal of 1.3) is'shown in the table§ on pages 12, 13, 14.

Investigators in the past have-either not crushed the coal to a finely divided state, or have
only ground it to pass through 10 or at most 30 mesh. Whereas, in these tests, Mr. Fieldner
ground the coal to pass through a 200-mesh siecve. He comments that it is evident that ethane
and higher hydrocarbons are not given off by the coal as readily as methane. For instance, a
sample of Nanaimo coal, 34 to % inch in size, sealed in a vacuum bulb for ten days, gave off
much more methane than ethane, while another sample of the same coal gave off, on grinding
to 200 mesh. more ethane and propane than methane.

The wide diversity of volumes given off by different coals is surprisiug, and this diversity
occurs in the same mine as shown by samples from the Reserve mine. To some extent the latter
may be due to the method of sampling in the mine and the preliminary treatment and variation
in grinding. It is noticeable, in comparing results of samples from the same mine, that the
ratios of the different gases is of the same order. Unfortunately, the method was not developed
in time to try out the various samples of coal from the Coal Creek mine; one sample, No. 16,
from Coal Creek No. 3 mine was tried, and the results caused surprise, especially after testing
similarly a sample from the experimental mine. This proved to give off very little gas. As
regards the latter sample, the experimental-mine workings are so near the outcrop and under
such shallow cover that different results might be obtained than with a sample from the Pitts-
burgh bed in a deeper mine. Nevertheless, the dust from the experiment-mine coal proved to
be more sensitive to the propagation of an explosion than the Coal Creek and Nanaimo dusts.

The diversity in results and the unusual amounts of hydrocarbon gases given off by the
Coal Creek coal points to the advisability of continuance of these laboratory investigations on
camples gathered systematically from all the Crowsnest mines and other typical mines in British
Columbia. It is probable that iuvestigations of & similar nature will be made by the Bureau
of Mines on coals from various parts of the United States as opportunity presents.

Inr the Crowsnest collieries the question of whether ethane is given off under special conditions
should be studied. In gas analyses by the ordinary combustion method ethane in small quantities
is not detected, and, as usually the saniples of mine-air collected contain only a few per cent. of
gas, ethane would go undetected, being classed as methane. Hence, not finding it hitherto should
not be considered as positive evidence of its not being given off. Under the great pressure of the
heavy covering, the Crowsnest coal in the process of mining is subjected to a squeezing action,
which tends to erush and grind the particles of coal one against the other. This may produce a
condition which laloratory grinding would Le analogous to. Ilow occluded or contained gas is
held in the coal substance is an unsettled gquestion; that is to say, is the coal substance so
impervious that the gas is held in minute pores like little hottles, only to be released when these
are broken, or is it held by chemical bonds, so unstable that on a slight relief of pressure the
gas is given oft? Tt is stated by physicists that external pressure which obtains even with coals
at great depth is insuflicient at normal temperatures to liquefy the gases.
®  On the other hand, the surface tension of the coal-particles is very great, and some physicists
have contended that films of the gas are held on the surface of the particles of coal under such
tension that the gas is in compressed state equivalent to liquefaction. If so, when the coal-bed
is opened, the coal near the headings and rooms may begin to release its contained gas. In the

® It is claimed that * in 1910 Professor John C'adman found cthane in the air of the Bellevue mines of
Alberta.”” Page 723, Transactions of the Insfitut‘on of Mining Ingineers ((Gireat Britain), Vol. LI,
Ithane and other hvdrocarbon gases cxeept methanc have never been found in the mine-air in mines of
the United States unless by leakage from decp natural-gas wells.
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Crowsnest mines large volumes of gas are given off at the faces.- Such gas may have been stored
in the crevices and open joints, and also in part mmay be occluded gas. ;

Normally, coal of the Cretaceous; which is the geologic age of the Crowsnest beds, is * sub-
bituminous ” coal, which is sometimes called black lignite. But Crowsnest coals have been
advanced to the bitnminous and semi-bituminous stage by heat and pressure in the Rocky
Mountain uplifting, expelling from the coal substance moisture and gas. The latter, when it
is held in by impervious or nearvly impervious covering, collects in or saturates the coal-beds
and enclosing strata.

The amount of gas given off Ly the freshly broken coal in the mines of the Crowsnest coalfield
is very great, far greater than in most coals. /It was observed in certain gaseous parts of the
Coal Creek mines that, if a safety-lamp was set in a depression in a freshly broken-down pile
of coal, the gas from the coal would flame in the lamp and extinguish thp light. On the other
hand, as will be shown later, even if two volnmes of gas are given off per unit of coal volume,
the amount is not nearly sufticient to account for the gas carried out by the return air-currents
in the Crowsnest coal-mines.

As already indicated. methane and possibly ethane is given off in coal-mines in two ways:—

First, from the volumne stored at high pressure in the crevices, slips, and joint-planes ot the
coal and adjacent strata, also from the cavities, if any exist.

Second, to a less extent from the coal broken down by mining operations, which gives off
more or less slowly gases stored in itg pores. The Crowsnest coal-mines have the unenviable
position of being among the most gaseons mines in the world, according to the figures obtained
through: mine-air sampling by the British Columbia Mining Department. These figures are
obtained from Thomas Graham's paper on “ Some Gaseous Mines in the Crow’s Nest Pass Coal
Field ” (referred to previously), and also from later recovds of the Department.

Gas-flow, Michel Colliery.—The records show that from Michel No. 3 East mine there is
discharged in the ventilating-current on working-days from 1,104 to 1,524 cubic feet per minufe
of pure methane (at atmospheric pressure), which for twenty-four hours makes a total of from
1,580,000 to 2,195,000 cubic feet. On the basis of the coal mined (average per day tor the
period), 500 to 530 tons respectively, there was discharged 3,179 and 3,990 cubic feet of pure
methane per ton of coal produced.

It is noticeable that on idle days the flow decreases; for example, on September 26th, 1916,
this mine had lain idle since August Tth, when an explosion had occurred, and the flow of pure
methane was 929 cubic feet per minute, or a total of 1,337,760 cubic feet per twenty-four hours.
The question arises, is the decreasc of flow due to the headings and rooms not penetratiug into
new areas, or is it due to fresh coal not Leing broken in daily work?

As the Pittsburgh laboratory tests indicate that even in vacuo but 2.1 volumes of methane
plus ethane are given oftf on fine grinding, this figure may lLe considered an extreme one. Iive
hundred and fifty tons, a day’s output at that time of the mine, occupies about 13,750 cubic feet
in-place, and if it gives off 2.1 volumes of hydrocarbon gases, the total of the gases for twenty-four
hours wonld be 28.875 cubic feet, or but 1.3 per cent. by volume of the gas given off on an idle
day. On the otber hand, the flow on an idle day after standing fifty days was 60 per cent. of
the maximum ontflow of a working-day. Similar results, differing slightly in proportions, are
found in other Crowsnest mines. Accordingly, one is forced to conclude that the larger part
of the gas entering the mines comes from that stored in erevices, slips, joints, and bedding-planes;
second, a considerable part comes from exposure of fresh coal-faces and fresh roof areas; and,
third. a small amount from the breaking-up of the pieces of coal in mining operations. In any
case, it would appear that headings driven well in advance serve a valuable purpose in drawing
off stored gases.

In the Miehel Old No. 3 mine the methane-flow per minute ranged in the period from April,
1915, to October 24th, 1916, from 124 cubic feet on an idle day to 1.574 cubic feet on a day of
active production of coal and correspondingly of uncovering of new faces.

This mine appears to be more gaseous per ton of eoal produced, the figures ranging from
5,000 to 8,000 cubic feet per ton of production, but it is believed that this method of comparison
is misleading. It is probable the territory mined is more gaseous.

The weight of the gas itself removed or flowing from the strata is worthy of attention.
In the two mines just referred to, which are adjacent, the average weight in tons of pure methane
carried out daily by the ventilating-current was 71-tons (of 2,000 1b.), which for a whole year
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would amount to 26.000 tons. When it is considered what a great pressure the coal-lieds are
subjected to, and the fact that they are so much fissured as to be very weak when uncontined,
it is a question if the loss of gaseons material may not cause some actual sul'sidence of the strata
in the immediate vieinity of the mines of small vertieal dimension, hut nevertheless it may he a
slight factor in a local snbsidence over and adjacent to the mine-workings.

The Michel mine on the North side has shallow cover, and hence the amount of methane
given off is relatively small-—-20 to 40 cubie feet per minute.

Gas-flow from Coal Creck Collieries.—The Coal Creek mines working on the South side of
the ereck are more extensive than the Michel mines. In No. 1 Bast mine. on Febrnary 23rd,
191G, when the mine was idle, there was 1.247 cubic feet per minute of methane given off : and
on April 14th, 1916G. when the mine was working, 2,906 cubic feet was discharged. This guantity
represents the maximum discharge from any of the mines according to the records secured. At
this rate there was thrown ont of the mine in twenty-four hours, 4,184,600 cubic feet of methane,
which would weigh 78 tons (of 2,000 1b.). On the basis of the cubic feet of methane per ton of
coal mined, the figures 2,789 cubic feet give a much smaller ratio than that found at the Michel
mines. The production of coal was then about 1.500 tons. Ividently from this the greater part
of the flow comes from the coal stratum rather than liberated from the breaking-down of the
coal in mining.

In the other mine working in No. 1 hed on the South side of CCoal Creek, No. 1 South, the
discharge of methane per minute in the “ main return” ranged from 218 cubic feet per minute
on an idle day to 459 cubic feet on a working-day.

The No. 2 bed lies below the No. 1 bed from 20 to 40 feet in the western part worked by
No. 2 mine, under No. 1 Sonth, but the interval between the beds increases to 130 feéet where
No. 3 mine works under No. 1 East.

The No. 2 mine main return also carries the gas-drainage from the abandoned part of No. 2,
in which the “bump ™ area was located. The main return of No. 2 carried on an idle day
140 cubice feet of methane and on a working-day 250 cubic feet. The No. 3 mine main return
carried on an idle day 351 cubic feet of methane and on a working-day 947 cubic feet.

The records of the methane given off by the respective hieds may be summarized as follows,
representlng the minimum discharge recorded for an idle day and the maximum recorded for
a working-day :—

i Idle Day, Mini- | Working-day, I Tonnage of |
| mum recorded, | Maximwn re- | Coal produced,
|

f [

Acreage

No. 1 Bed (Upper). Cu, Ft. per | corded, Cu. Ft. | Average per ”"gi'-""l_ by
Minute. | per Minute. { Day. | g
B B 3 A T A A 1,869 | 2,906 1,500 198.0
N RIS OV T it o ST o P g i e ! 218 | 459 400 S
S T BT e s o A 1 i N vy | 2,087 [ 3,365 1,900
| ————— | e LR e e
No. 2 Bed (Lower). ! |
\
AT | F R R bry T MG ol s Rl R 250 :
Y T R RS S S S N e by et B ] 140 | 250 300
T PRV SR, AR L 21 i L,197 | 550
Granditgbala: . e e A g e 2,608 | 4562 | 2450 3=
| | |

On the basis of the total methane discharged, the upper bed appears to be more gaseous than
the lower bed: but in view of the fact that over three times as mueh volume of coal is taken
out from the upper bed as from the lower, it is probable there is not mueh difference in the
amount of total free gas in a unit of area in the respectlve beds.

Gas Conditions in Hosmer Collicry—The Hosmer mines, situated on the west esecarpment
about six miles north of Coal Creek in an air-line, were closed and these mines were not visited.

According to the Government report of 1912, entitled * Investigation of Coals of Canada.”
thirteen seams were being opened at Ilosmer from 4 to 30 feet in thickness. The opening tunnel,
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000 feet long, had cut ten seams, five of which were lLeing developed and which had o total
working thickness of 10 feet, the sections being given as follows :—
No. 2 seani, 10 fect.
w O “ [
. 9, 5,
L 100 L 200

The seams varied from a dip of 63 degrees to 25 degrees. The tunnels started in the Ifernie
shales underlying the coal-measures, reaching the Iatier at a distanee in of 8§50 feet and terminat-
ing in 2 hard conglomerate overlying the ceal-measures, and {herefore the senmns cut ineluded the
whole xeriex. It appears that very froulled or faulted areas were encountered which led to the
shutfing-up of the new mine a few years ago. The colliery is said to have been gaseous, hut
oulbursts were not reported.

Outbursts of Gas in Carbonudo Collicry.—The Carbonado mines were opened by the Crow's
Nest I'ass Coal Company in 1201-2 on the western escarpment of the platean at a poinl on
Morrissey ereck aliout seven miles in an air-line south of Coal Creek. .According to W. I'. Robert-
son, on the * Rocky Mountain Coal Iield.” published in the Annual Report of the Minister of
Mines for 1209, entries driven in on {the strata of the beds show these thicknesses :—

No. 1. 12 feet. .
.o2.30 o

3.0 44
. 16 “

5, 18 .

ITe states that the other heds were known fo Le above and helow these, it nol developed.
The coal was found to be very friable, and on acconnt of the high percentage of fixed earbon it
wonld not coke properly in bee-hive ovens and was too small in size for locomotive use. In
1903 there were great outbursts of gax, cansing loss of life, so that the mines were closed. hut
were reopened in 1907: hut as the gas-outhursts continued to occur the collievy was again shnt
down in 1909, The locality was not readily accessible on aceount of snow and a visit was not
attempted.

In 1903, when the main enfries of No. 1 mine had been driven 2,000 feet from the outerop,
a great outhurst of zas ocenvred, in which 1456 tons of coul was blown out of the face of the
main entry, making a tinnel cavity 110 feet Leyond the original face.  Other lesser outbhursts
oecurred, and in 1904 there was another great outhurst in which fonrteen men were killed, the
coal thrown out filling the level for 400 feet according to Inspectors Dick and Morgan. The
nmine foreman * reported everything clear and quiet at face twenty minutes before the onthurst.”

Thomas Graham states: “The displacement of coal in thix onthurst was estimated by the
management as 3300 tens, The velnme of gax given oftf in the first thirty minutes after the
outhurst was estimated by various authorities at from 2,000,600 to 5000060 cubic feet.”

Ouwtbursts of Gax in othey Mines of the Crowsnest Field.— No such great instantaneons
outhursts have ceenrred in mines other than the Carbonado mines, Lut lesser, slower outbursts
have faken place in the Coal Creek mines,  In the No. 2 Xouth, 900 feet inby the main parting
near a faulty and erushed zone, an outhurst took place several years ago. which pushed in 750
tonx wf conl. T gave premenitory symptoms. so no one was lost. hut for two days no one could
onter the place on account of the gax and hroken coal.  Similar bt smaller » rushes ” of gas
and coal have ocenrred in the Coal Creek mines, and frequently miners ave driven from the face
of the workings, ax oceurred during the visits ef the author, by the gas and Lreaking ceal-face.

Tn some virgin areas, when the enfry is advancing by cemployment of three shifts, it has
been found neeessary to slow the advanee on account of gas given off. hy cutting out one or two
of the shifts,

When the = bumps ™ ocenrred in Coal Creek No. 2 mine in 1907-S they were accompanied by
strong inflows of methane which smothered the men entrapped by the uplifting of the * bottom™
or floor. Tlence it was lLelieved by some that gas-pressure might have been responsible for the
“humps.” But this view had to Le abandoned when the great hwmps in the No. 1 Bast mine
ocenrred last Novenber, as no gas was given oft when these oceurred.

OUTRURSTS 0F Gas oF Variors KINDS,

(ases of different kinds are found in the earth’s crust in many places, collected in porous

strata. and in denser strata in eavities and roek joint planes when confined by impervious strata
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above. The mosxt common gases thus confined are: * Natural gax™ (hydrocarbon gag). which
is usually associated or in contignons territory with petroleum, and is found in various sedimen-
tary beds generally adjacent to thick shale-beds: * methane”™ (CIL), commonly found iu coal-
measures; carbon dioxide (C0O.): and nitrogen, sometimes found adjacent to deeply buried
limestone and oceasionally in shattered eruptive rocks, as at Cripple Creck, Colorado.

Grea{ outbursts of carkon dioxide have ocenrred in the coal-mines in certain small coal-
basins of Central France adjacent to ancient crystalline rocks, throwing out thounsands of tons
of coal and causing loxs of life, hut ontbursts of thix gas (CO.) are not known in the 111'i'nci])nl
coalfieldx of the world.

Inlmrsts of natural gas into nmines have occurred in Penusylvania, West Virginia, and
Illinois mines, where the measures containing suell gas have anderlain the coal-measures; bhut,
although theé gas-pressures are sometimes alkove 1,000 Ib. per square inch, violent ontbursts have
not been reported since the distances Letween the gas-measures and coal-measures have Leen
too greaf.

OUTBURSTS OF METITANE. §

Methane-outbursts into coal-mines have not Leen uncommon in many coalfields hexides the
Crowsnest field.  Such ontbursts have ocenvved ouly when the coal-bed heing mined is deeply
covered to a depth of over 1.000 feet or move by strata containing impervions shales.  Methane
found in coal-measures ix generally helieved to Iave heen derived from partial distillation of,
the Lituminons maftter in the coal-seams aud bitnminous <hales, in the natnral proeess of coal
formation by chemieal reactions aided by heat and pressure from deep hurying and mountain
uphuilding.

It is thercefore Lelieved that all coal-beds have produnced Iarge amonuts of hydrocarbon gases.
but where the beds are thinly covered or ave covered only by pervions rocks like sandstone,
or the cover ix much IFroken Ly fanlt-planes extending to the surface. the gas has oseaped.,
Generally, the more deeply Luried the coal-heds, the farther advanced from the lignitie stage:
the larger the volnmes of the residual gas, metlane, contained in the stratn, and also the greater
the pressnre nnder which the gases are confined. In Great Dritain, in deep horeholes from the
surface to the coal-leds. the pressnre of gas attained 500 1h. and at Delgian mines 657 1b. per
square inch.  (See United States Duarean ot Mines Bulletin 72.)  Nevertheless, it ix commented
by Belgian investigators that the highest pressures are not found in the coal areax snbject to
outhursts, int rather in the denser coals.

Great ontbursts of methane (ehiefly) have ocenrved in (he deep Belgian mines. in one of
which nmany years ago the ventilating-cunrrent was reversed and abont 140 men smothered, the
gas taking fire at the surface and burning for a day or two. Several hundred other outhnrsis
have oceurred in Belgian mines. canxing many deaths of miners.  Sueh outhursts have Teen
accompanied by the distodgmeni of quantities of coal hlown out in large part as dust. It has
Lieen found that these outhursts ocemr in crumpled zones and at Loried anticlines.

Outlrsts of methane of lesser magnitude have ocaanrred in the coal-mines of ofher Linropean
countiries than Belgimn—i.e.. in Great DBritain, especially in Yorkshire eollieries and Scotch
mines—ceansing fatalities.  Small onthursts have also ocenrred in coal mines of ihe United
Siatex, in the anthracite distriet off Pennsylvania and in Colorado,

The great onibnrstx of methane that ocurred in the years 1003 and 1904 in (he Morrissey
mines in the Crowsnest coalfield, and on reopening the mines in 1909, when the mines were again
closed, have been unparalleled except by the Belgian onthursts.

PRESSURE OF GAS 1N (Coanl Crerx MINES,

On account of the apparent great foree indicated by the ontbnrsts at the mines at Morrissey
and the pushing-oni of the coal-faces at times in the Coal Creek mines, it was believed that the
eas-pressure in the coal-bed must he very high. To determine what the pressures were, {hree
gets of boreholes, three holes 10 to 14 feet apart in each set, were drilled into the xolid coal of
advance places near the face on the lower rib.  The holes in ench case were S, 16, and 24 feet
deep respeetively.  Three-cighth-inehr pipes were set in each hole and allowed to project about
14 foot from thie hole, The inner 1. 2, aud 3 feet of cach pipe respectively for the 8-, 16-, and
24-foot holes were perforated, and outhy this each had a collar; burlap dipped in cement grout-
ing was rorced back against each collar 1o Rerve as stemming material; {hen cement and sand
grouting wias poured into cach hiole, the holes being piteched downward 1 in 24, until the grouiing
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nearly filled the hole; then cement mortar was used to finish filling. After the cement had set
a pressure-gange and a valve was serewed on to the end of the pipe.

In all cases gas blew freely out of the pipe, Lut the pressures obtained on shutting ihe valves
were surprisingly low. When each valve was shut about a day after beginning the respective
liole, the maximuni pressure was quickly obitained, and therecafier there was practically no change.
The maximum pressures aud the temperatures of the mine-air and in the boftom of the boreholes
were read by Mr. Michell, and are smmmarized in the following table :—

© BorkHOLE DEpTHS, TEMPERATCRE FAlR,
- 816 | 160 | 24 Bt | SOON arine
Lb. Lo, Lb. Degrees, | Degrees.
No. 1 Kast mine--- v
18 room, 10 Kast entry (in solid coal on lower rib).......... 3 0.5 13.5 46 40
22 room, 10 Kast evtry (in solid coal on lower rib). .5 7 18 5 48
No. 3 mine—
Counter to Main level (in solid ccal on lower rib). ..., ... : 1.5 2. 2 65 60

It is diflicult to account for the erratic showing, but owing to the great friability of the
coals it scems probable that there is a rapid escape of gas as the mine-face advances. With
such conflicting resnlts it would not be wise to (draw conclusions from the above tests. It wonld
seem advisable to drill and case some holes considerably decper, say 100 feet in advance, and
thus obtain records of the fall of pressure with the advance of the face, which would permit
curves of this fall to be drawi, and in this way help determine how a given arca of coal-bed
may be drained of gas with lessened danger to the mien.

One method of protecting men from ontbnrsts is to keep boreholes in advance. This is the
method practised in many mining districts ot the world, but hitherto it has been argned that it
would not permit the advance discovery of a stored pocket of gas such as was encountered by
the Carbonado mines, The author of this paper is not convinced by these arguments, but it is
his judgment that if a suflicient number of boreholes be drilled, spreading fan-shaped from the
main advance entries, these would approach near enough fo such a pocket of gas and crushed
coal to show by the gas-flow from the pipe that there was a dangerous area ahead, and until it
had heen drained hy other boreholes the entry or room driving should cease.

TEMPERATURE IN IBOREIIOLLS,

The temperature in the bottoms of the 24-foot horeholes is also most surprising. Apparently
the only way that the low temperatures in the boreholes in No. 1 Ilast mine c¢an be accounted for
is by the assumption that it was from the expansion of the stored gases as they are released at
or néar the face. This matter aixo needs further investigation in connection with drilling decper
boreholes and obtaining the readings when the casings were capped, so expansion does not take
place into the Lorehole lining,

QUESTION OF GAS-FLOW AND OUTBURSTS.

The matter of gas-flows and outbursts, while not so immediately acnte in the operation of
the Coal Creek mines as that of “ bumps,” yet is a most serious and, in fact, vital consideration
in planning for future operations in these and other mines of the Crowsnest coalfield. Even in
the question of lessening the danger of “ bumps,” the nmnber of airways that must be maintained
to meet the gas-flows affects the sysfem of mining which may be adopted,

MINING CoNpITIONS AND Mirrops 1N THE Coal. CreEEk MINES IN RELATION To THE “ BuMmps.”

Tlie No. 2 geanm at Coal Creek was opened first and mined extensively by the 0Old No. 2 mine
and No. 3 on the South side of the creek. The coal vavied in thickness from 41 feet on the
dip or Hast side of No. 3 mine fo 11 feet as taken out on the West side of No. 2 South. On
the West side there is a crnmpled zone in which the coal in places is 20 feet or more thick, but
crushed and dirty. Through thie area in the inner central portion of No. 2 mine, later aifected
by “ bumps.” and now closed off, the coal is said to have been 41 to 5 feet thick.
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The general method of mining in the Nos. 2 and 3 mines was by {he pillar-nud-stall systenn.
the = stalls ™ or ¥ rooms " heing driven off water-levels which branch from inclinex.  The entries
were 12 reet wide and the rooms front 16 (o 20 feet wide and about 40 feel apart, the pillars thus
being 40 feet wide :@nd about CO feet long between crosscuts,  'T'he workings and the pillars were
very irregular.

In come places long-wall was started in frregnlar panels; in olher piaces the pillars were
withdrawn.  In the = nnup ™ arca. ax indicated i the atltached bne-print, 50 (o €O per cenf, of
the eoal had been mined ont : this correspondingly increased the load ou the pillars, which hore
the weight of 2,000 feet of cover.

The roof of No. 2 mine is a fairly strong shale, Lut the floor is i softer shale.

T will not attempt to desceribe individual * bhumps,” which first Lecame serions in 1006, On
the mine-miap. Fxhibit 5. where there ave eight civeles enclosing Ietters from .\ {o TI. fatalities
occurrved, ax the result of “bumps™ in the mmediate vicinity. The Iast, on July 31st. 1908,
was the most cerions. Mr. Roberison reported that “ (wenly-fonr men were ent oft and all
would have been snffoeated had it not been for a snpply of fresh air supplied by a break in the
compressed-air pipex, enalling twenty men to he saved.”

Mr. Robertson further states in his Annual Report for the year 1808 {hat :—

* A reference to thix plan (of the No. 2 mine) will show that the arvea of disturbance in
which all these ‘ humps ™ have ocenrred is between the main entry and the Iligh Line entry and
immediately surrounding and including the area from which the pillars have been extracted, ang
area of about 1(.500 by 1,000 feet. and this area strefelies across from one entry to (he other.
These facts would indieate that the sagging of the roof over the area from which {he pillars
had been extracted canzed an undue pressure on the immediately surrounding pillars. which,
transmitted to the pavement, apparently caused it to bhurst npwards with the iiberation of gax
and accompanying shock, There was apparently no serions caving of overlyving measures that
might fill np the space and relieve the pressure. The aven of pillar-extraction—sonie 30 {o 35
acres—is located in the centre of {he mine-workings and under an overburden of 2,000 feef, In
thix present caxe the distnrbances have, so far at least. heen localized; whether they will spread
tfo the rest of the workings time only will show, ’

“T think that there will Le no sndden outburst, provided no further attempts are niade to
extract pillars from a central area which has stood for xome time.  If the extraction ot pillars
had Leen commenced within a reasonabile time and from {he enterep. the roof might probably have
subsided Lehind sneh workings quietly and no serions distnrbances have 1aken place.”

Mr. Rolbertsou’s prediction relative to there being no further sndden © outburst ” or “ hwnp
in No. 2 mine proved fo be correct.  In accordance with his recommendations, the operating
company was * prohibited from continuing any of the present workings of that part of No. 2
mine lyving hetween the niain entry and the High Line eniry inside of No. 1 West level main
entry, and No. L liast level, High Line, or of extracting pillars within this area in this mine,
such prohiliition to inelnde the main entry and parallels inside of No. 1 West level.”

As regards Mr. Robertson’s opinion “ that if the extraction of the pillars had commenced at
the outerop the reof might probably have subsided hehind suneh workings guietly 7 scems o Le
supported by what happened on the north side of Coal Creek.

After the Noo 1 bed had been mined by No. 1 North and many pillars extracted and some
long-wall operations conducterd near the outerop. this was followed hy working the No. 2 seam
by opening No. 9 mine under the No. 1, with similar extraction by pillar-drawing and long-wali:
although the workings were irregular and ansystematic, the faet that extraction began near the
outcrop caused a shoulder of the mountain, to a height of 1.200 feet, to quietly subside at
the onterop, the mass hinging on the =olid unmined area, eracks opening across (he projecting
shoulder 1.200 feet ahove. So little disturbance did this make that it was not realized what
had happened until the cracks were noted.  (See Fxhibit, Photo 13" of * <houlder™ over
Mines No. 1 Norith and No. 9.)

MINING DEVELOPMENTS Avrer » Duoses ™ or THOS.

Following the shutiing-up of the “bump ” area in No. 2 South mine. the work in fhix seam
was contimied only in the casxt and west portions, called No. 3 mine ard New No, 2 mine, In
these developments large pillars were left befween cacli pair of rooms 150 feet wide, and between
the two rooms of a pair a 50-foot pillar was left.,  The No. 1T senm, 9 to 12 feet 1hick, lying above
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the No. 2, was then developed over the west part of Old No. 2 mine by what is termed the “ No.1
South mine,” and subsequently by the opening of No. 1 Zast mine, immediately over the central
part of No. 2 mine.

DescrirrioN or No, 1 Iast MINE

The No. 1 Iast mine was the only mine sysfematically planned of the Coal Creek niines, and
the advauce plan was rigidly adhered to. The main entries run due south, which is approximately
on the strike of the bed; the cross-eniries, 10 feet wide, which on the west side are driven * to
the rise” and on the cast side “ to the dip,” are €00 feet apart, and in the inner part of the mine
1.000 feet apart; each one of the pair is G0 teet apart. Itooms only 14 feet wide are parallel
with the main enfry and are also in pairs. The two rooms are €0 feet apart and the pairs 150
feet apart. Crosscuts are between each of the two rooms, but the pairs are only connected when
necessary for special reasons, so that ordinarily over the “ Dbump” area between each pair of
rooms there is a pillar 150 x 600 feet. Only 25 per cent. of the coal was taken ouf by this
advance work, and no pillars were to be pulled until the mine was retreating as a whole. (Secc
IIxhibit 4, map of mine.)

The coal is from 10 to 12 feet thick, to a slickensided rash 2 to 3 fect thick, which had no
strength aud was kept up by lagging and close timbering to prevent mixing with the coal in
loading. The cross-timbering under the mine regulations does not have to be closer than 1 yard
apart, but the miners who were paid $1 per set, usually preferred to place (wo sets to a yard.
Above the rash is 2 to 3 feet of coal, usually of excellent gnality; this is not obtained in this
advancing work, Over the coal there is a strong sandy shale approaching a sandstone i places.
Iifty feet above the coal-seam there is said to be a strong conglomerate 15 to 20 feet thick.
There are also other beds of conglomerate higher in the section. Owing to the deep snow on
the mountain-sides, the rock-exposures were not visible, except at the tops of the ridges.

The No. 1 Ilast mine rapidly developed; the mining conditions were good, except the
iimmediate top, consisting of the rash and soft coal, weighted heavily on fhe fimbers, and after
a time they had to be removed or else the false top allowed to fall, anud timbering carried up to
the main roof. .

No explosives were used in wining, but {he coal, assisted by the gas-pressure, worked oft
caxily, and a miner conld load 7 to S tovs per day of cight hours from bank to bank,” which
meant about seven hours at the face. The output of the mine aftained 1,500 tons per day.
The mine passed over the “ bump ” area of No. 2 mine, which is abont 150 feet below it, without
noticenble cffect, and by November, 1916, the rooms to the east of the main eniries were 300 to
400 teet heyond the (projected upward) edge of the abandoned No. 2 mine, and the main entries
dbout 700 feet beyond ithe edge (projected upward) of the general line of faces of Old No. 2
mine, or about 5,000 feet trom the entrance portal.

“Bumrs” 1N No. 1 INast MINE, NovEMRBER, 1910,

November Tth, 1916, at 9.55 p.in., there was a “ hump ” affecting Nos. 8 and 9 rooms oft the
No. 14 Iast, resulting in a fall of loose rock which ocenrred in No. 8 roon, hemming in a horse.
A small fall occurred in No. 9 roow, injuring a man. A party of fen men and two firebosses
went to work in No. S room to clean up the falls to release the horse, but a more severe ‘“ bump
occurred at 1.55 a.n., causing two beavy falls in No. 8 room, burying and killing one man and
hemming in eleven others. By 4 a.n. they had worked their way ont through a crosscut into
No. T room, thence out. At 5.25 aan, November 8th, the third and heaviest “ bump ™ occurred,
which not only shook the inmer part of ithe mine, bnt crealed earth-tremors which were felt for
many miles, strongly at Fernie, and in many places a number of miles to the north and south,

IFalls ot false top were general inby the No. 14 1Gast and West. Those in the main entry
blocked the ventilating-cnrrent of 120,000 cubic feet per minute; the intaking air-column, heing
4,000 feet in length, acted like a water-hammer; the pressure ran up, bunvsting the wood stop-
pings, and causing a reversal of the current in such strength that several men, one ot them the
gen'eral manager, Mr. Wilson, were lturled outhy befove it, sticks and stones being carried along.

There were many narrow eoscapes of fhose in the mine working to clean up the previous
falls, but all escaped, thongh several were battered up. While hundreds of falls had occurred,
practically all that could be observed were of the rash and top coal only. Apparently the main
roof had stood the shocks.
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A fourth hut lesser “bump ” occurred over the main cntry on November 13th, cansing the
bottom to heave in the centre 2 feet, and for a distance of 200 feet opposite the No. 12 West
and ontby same for 120 feet. This was the only “bump” which cansed the floor to lift. Since
the fourth ** hnmp ” there have been roof knocks, rather than “ bumps,” at more or less frequent
intervalg, cansing no damage, Neither the large nor the subsequent small “ bumps” were accom-
panied by outbursts of gas, unlike the “bwump ™ in No. 2 mine.

Mr. Graham, Chief Inspector of the I’roviuce, following the ocenrrence of the ‘ bhumps,”
decided to prohibit, pending investigation and further orders, work in a certain section inby the
No. 10 East and West entries overlapping, but exceeding in area the prohibited district in Old
No. 2 mine.

THEORY REGARDING ‘‘ BUMPS.”’

As already imiplied, “ bumnps ” are manifestations of pressure, and occur only when the mines
are at great depth, usually exceeding 1,000 feet. 1f the nieasures overlying the mine are soft
and pliable, such as shale-beds, * buinps 7’ will not occur, although * mine squeezes” may take
place.  “Bumps ™ ftherefore occur ouly when thiere are massive and rigid beds above, such as
sandstoue, conglomerate, and limestone. Mine squeezes originate where the pressure thrown on

the mine pillars is suflicient to crush then, or the imwediately overlying roof or nuderlying flooyr

is too weik to withstand the load put on it, through rcmoval of part ot the natural support by
the excavations, bnt such squeezes will only result in “ bumps,” as stated above, when there are
rigid rocks of great thickness above. ’ '

The cause of “ bumps ™ is thought by the writer to be this: When an area in a coal-Ded lhas
Dbeen miued out or when a “squecze ” has occurred from the weight of the lower-lying roof, so
that a subsidence or separation of fhie loweyr strafum from under the rigid rocks has occurred,
then the massive rock will span the subsidence. If the diamefer of this subsided arca is limited
—that is, let us say, 50 to 100 feel—a strong sandstoue or limestone stratwin would easily be
selt-supporting; hut if the subsidence of tiie lower measures (though only a foot or two in
vertical displacement) was 200, 300, or a 1,000 feet in diameter, so that the nuderside of the
niassive rock was not supported over this space, then it is probable that the lower layers of
such a rock would not stand the strain, and a large disk-shaped piece would drop, 1, 2, or 3
feet, as the case might be, giving a blow of tremendous foree which would produce the cifect
alled a ** bump,” and the larger and heavier the slab the greater wouid be the “ bump.” Above
such a great fallen siab there would in all probability he almost the same depth of space as was
represented by the subsidence, and there would be a flat, dome-like arcli, supported at tite sides
of the nmsubsided, area. :

If the subsidence of the lower measures continued through enlargement of the area of
mining or of “ squeeze,’s there would probably be a great saucer-like muass of larger diameter
fhan the previous great slab fall upon it, causing a secomd “bump.” In tinle, further saucer-
like masses would drop, increasing the height of the dome uuntil it cither reached the surface
or reachied a soft strafum which would lend. The foregoing assumes.a massive stratum without
joint-planes or fault-planes which would modify {he character and size of the falling masses,
each of which strike a great blow, and wlhich is belicved is the cause of the successive “ bumps ”
in Coal Creek Nos. 1 and 2 mines.

In the foregoing it is assmmed that the coal strata is not dipping at suflicient angle to cause
slipping of ihe strata on the bedding-plines., Steeply dipping sirata would necessarily act very
differently in the movement of the mass which gives the blow. When thie overlying strata is in
the form of mountains with steep slopes and with great slips or fault-plances developed, the
character of the rock-movements would be profoundly altered; but in any case it is believed that
when fhousauds or hundreds of thousands or even millions of tons of rock fall only a few inches,
a gigantic sledge-hamnier blow is given fo flie mine-roof, setting up vibratory waves like the carth-
tremors which are called earthquakes., The direct blow on the miue-roof may break timbers and
throw down great amounts of soft roof maferial, cause slabbing of all the coal, or, where the
coal is strong and the bottom of the floor weak, cause a sudden uplifting of the floor. ™The latter
effect was the chief manifestation of the “bwmups™ which occurred in No. 2 mine from 1906 to
1908, whereas in the recent “ bumps ” in the upper bed of No. 1 mine the chief nianifestation was
through the breaking of timber and rclease ot the soft “ rash ™ and coal above it. The immediate
roof in sonie cases may be permanently lowered by such a hamiuner-like blow, and in the recent



24 JUREAU oF MINEs.

“bumps ™ in No. 1 mine there were indications from the timhering ihat in places the immediate
roofl had Licen smashed down 3 or 4 inches,

The great danger 1o the workmen ix in being buried by the loose maierial, which in the case
ot No. 1 mine lies above the usnal timbering, or from the sudden thrusting-up of the floor against
the roof or side, as wax the manifestation in the No. 2 mine in the » humps™ of 1906-8. The
slabbing of coal from the entry ribs is 2 contribulory factor ta the danger of the miners, and in
the case of the “humps™ in No. 2 the giving of Iarge amounts of gas was an additional danger.

Another secondary bnt dangerous condition for the men in the arvea affecled was, in the
mreafer Noo 1 mine * bnmps ™ recently, due to falls of root” which suddenly blocked the air-current,
and this sndden arrest of a large columm of air 4,000 lineal feet long, actuated by a pressure
ure, caused the bursting-in of many wood ventilating

measured by several inches of water-
stoppings at the head of the * main intaking ™ entry, and built np a momentary pressure which
hurled the men in its path in reverse divection to the former enrrent.

OccrrRENCE oF “ToMps ¥ IN oTHER MINING DIsTRICTS.

SCDhmps U arve known in other coal-mining districts of the world, They have been a serious
nienace in o certain Sonth Siatfordshire coal-mine in Great Gritain wovking the * 10-yard sean ”
24 to 30 feet thick, This mine ix worked by a square clamber system, and, the pillars being
very high, there is probably some cerush and subsidence of the immediate roof, opening an
cquivalent space at some nnknown distance above, The strong rocks higher up, which are no
longer able to span such arveas of subsidence, hreak and cause  bump=.”  Tn these mines, when
strong ** bumps ““ocenr, the timber is hroken down and the coal slabs off and aceidents to miners
are canxed thereby, In the case of the Sonth Staflordshire mines the coal and strata have low
dips and the overlying snrtace ix practically levell the depth ol the workings heing about 1,500
feet or more fron the surface.

In the Tnited States * bhumps ™ are reported to have occurred in certain coal-mines o Utah,
working nnder the Book CliY mountain, where the depth of cover has bheen 2,000 feet or over,

There have also been occurrences ol *honps ™ in the Carbonado mines in the Stale of
Washington leading to fatalitiex.  These mines are working mder the shoulder of the ftoot-hills
ol Momnt Rainier. and where the total cover ix over 2000 feet. The measnres dip fvom 50 to
C¢0O degrees at the onterop 1o 15 to 20 degrees in the lower workings, The coal is mined by the
room-and-pillar method. the rooms going np the dip and the coal dropped down by chutes to
the level below.  As soon ax the rooms have gone up the proper distance, the pillars are sliced
off <o that at the head of an entry or fevel theve are several rooms heing dviven np and several
rooms outhy in which the pillavs are Teing drawin.

The tloor and the rool are both hard, and in this respeet the conditions difter from those
at Fernie. Fovmerly little attention was paid to dreiving the rooms straight., with the resuolt
that there were sometimes very lavge pillars, and again someiimes small ones. It is Lelieved
that in thix eaxe the lavger pillar held up the immediate roof while drawing the adjacent piltars;
but when the weight on the larger pillars beeame sneh that they would no longer withstand the
load they would suddenly crnsh down a little Lif, hreaking timbers, slabbing off coal. and in this
way nien were caught by the timbers or the coal. To meet this the operating company are now
laying off the pillars regularly, and during the recent months the mine had Leen free from any
“humps.”  Whether or not a final enre has Leen effected still remains to he seen.

The probleni of the * bumps ™ in the Crowsnest field is not confined to the Coal Creek area
alone, but, from the natural conditions surrounding the field, similar ditfliculties threaten in the
fuiure all extensive mining operations, ax the mwmines get nuder deeper cover, unless gome system
from occurring.

"

of mining ¢an be evolved that will prevent the * brmps
I'vorosed Lav-oUr ror IFvrere WoRK1INGS 1o TESSEN I1azarp or * Rumrs.”

Tefore leaving IFernie after investigation ot the mining conditions, the writer had a confer-
cnee with the following wenilemen:  Mr. Wilson, General Manager; Mr. Robertson, Provineial
Mineralogist ;. Mr. Graham, Chief Mine Inspector: Mr. Willisnus, Inspector of the Coal Creek
District ; and Mr. O'Brien, Ingpector ot the Michel Disirict.  After a disenssion of the phenomena
of “bumps " and the danger to employees and property fherefronn Mye. Wilson was reguested to
sive his view as to what would be the bBest method of avoiding the dangers ot ** bumps.” Ile

presented the following general plan :—
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To reopen the main entries through the temporarily prohibited area and drive them on until
the selected boundary of the mine ix reached, when retreat wonld begin; to also drive a pair of
parallel rooms on either side for airways, making <ix advance enlries and airways extending into
the coalficld; oft the main entry there wonld be turned at right angles side enfries every £00
feet, and from these would be turned pairs of rooms, each room of the pair €O feet apart cenire
to centre, and cach pair of rooms to be 200 feet apart. The rooms to be driven €00 feet, thus
leaving a barrier pillar of 200 feet hetween the ends of rooms off one pair of entries and the
ends of rooms off the next pair of entries inby.  Under this plan only onc-ecighth or a little over
12 per cent. of the coal wonld he extracted in advance. The idea expressed by Mr. Wilson wax
to take out enongh coal to develop the ground and to partially pay for advancing the enfries.
(Nee dotted lines on map (xhibif ) and sketch (INxhibit 8).)  When the houndary of {he
district to be worked from the mine was reached, then a retreating system of some sort would
be employed.  Mceantime it would bhe necessary to very much enlarge the ventilating system so
as fo adequately take eare of the increased flow of gas which might be expected in future.

The No. 2 mine (in the lower bed) was to be extended from the present main enfries and
two pairs of rooms on cither side also extended for air-conrses; these extensions to be parallel
with (he workings in No. 1T mine (off the npper bed). The No. 3 mine on the lower bed was to
conneet by cross-entries with the No. 2 mine, which lies to the west of No, 3. The No. 3 Main
fevel and airv-conrse wonld have six parallel rooms rnnning approximately on water-level south-
ward.  There wonld, of conrse, have to he <ome local modifieations of the varions plans to fit
the natnral conditions.

The general scheme is shown on the map (Lxhibit <), which ix a confour map of the coal-
fields, showing several Coal (‘reek mines on the south side snperposed and the proposed extension
working in dots.  This proposed plan was drawn up subxequeni {o the conferenee and copies
ziven to the writer and the Provincial authorities.

»

:s oF “*Bramrs.”

AEVIEW OF EVIDEXCE REGARDING (AUS

Before proceeding to a consideration of the means that may e {aken to avoid or lessen the
dangoer from * bumps. it seemx advisable to suunmarize the evidence regarding thenn.

(1)) “ Bumps ™ occurred in No. 2 mine in 1967-S in a certain area, about 35 aeres in extent.
ad over which there was about 2.000 to 2,700 feet of cover. These * bumps ™ were manifestod
in the sudden upheaval of ground at local points and the giving-ofl of Targe quantitiex of methane.
which smoihered the men enirapped by the upheaved bottom. At this time the bed above thix
(No. 1 bed) had not been opened in this vicinity.

(2.) In November, 1916, bumps ™ ocenrred in No. 1T Fast mine in hed No. 1 in an area
170 feet vertically albove No. 2 mine, almost directly above, but o little inby the bump area in
the lower mine.  (Sce Bxhibits -} and 5.)  These “ bumps ™ were manifested in the upper mine
by the breaking of timbering and throwing-down of faise top, raxh, and roof coal, but without
noticeable discharge of gas and without affecting the floor.  As the No. 2 mine under the bump
arca was cloxed, effects could not he observed. but inspection of the boundary disfrict sarround-
ing the Old No. 2 mine disclosed only sneh slight and donbtful evidence of a few cracked timbers
at a couple of points ax to he negligible.  Men in No, 3 mine heard the erash of the “ bump,”
Lut were not injured and no falls occurred.

(33.) In No. 2 bed floor was the weakest part of the seani.  IFrom 50 to GO per cent. of the
coal had heen mined ont in the bump area in that bed, throwing a heavy load upon the pillars.
In the upper bed the weakest portion of the stratmn was the rash-band and loose roof-coal.

(4+.) “Bumps ™ in coal mines are known in varions coal-mining districts of the world. and
are akin fo air-blasts in metal-mines, which are of serious account in the deep mines of the
Rand and in the Lake Snperior copper-mines,

(5. “Bnmps” ocenr only where there are rigid massive rocks like conglomerates, lmestone,

and massive sandstone in the cover over o mine. and also ocenv only when the workings are at
creat depth—-that is, 1.000 feet or more.

(6.) There is great danger to nndevgronnd workers as well as serious danger to the mine
itself from *bumps ™ of a magnitude like those whieh have occurred: that comparatively few
nmen have been killed is a fortunate cirenmstance; becanse, for example, if the great * bump ¥
of November Sth, 1916, which threw down the rash and roof coal throngh an area of 30 or 40



26 Drreav or MiN

acres, had occurred dnring the day shift, several hundred men would have been exposed to the
danger of being buried or smothered by the thiek dust which filled the atmosphere.

(7.) The roof of No. 2 mine ix strong, and it is reported that it was not affected by the
“Dbumps ” which ocenrred in 1907-8. In No. 1 mine the false top, with rash and roof coal, was
weak, but the main roof is strong, and close observation, so far as the heavy fialls permitted
ingpecetion after the great * bumps ™ of November. did not disclose any weakening of the main
roof,

CONCLUSIONS VROM IIVIDENCE REGARDING * Bursmrs,”

Your investigator helieves :(—

(«.) That *air-Dlasts ™ are_ihe resnlt of great areas of mnsupported mine-roof or hanging-
willl giving way =uddenly, like an overloaded Dbridge, and thus cansing a blast of air from the
collapsed workings.

(h.) That “bumps” only occur when theve is deep cover over the mine and where there
has been a subsidence of the roof over an excavation or squeczed area: the rigid strata above
has not tlexed downward, Lt spans the sunken area. When the span, through eontinuned mining
and widespread subsidence, becomes too great for the rock stratmm to bridge over, enormons
masses may fiall, and while the distancee may be only a few feet or even a few inches. the sudden
arrest of rock-masses weighing possibly thousands of tons will set up-a shock-wave in the under-
Iving stratum which gives rhe effect of a loeal earthquake.

(e.) That after one rigid stratum has given way in the interior of the measures there is
opportunity for similar giving way of successively higher strata, but. it ix thonght, with less and
less effect on the mine-workings ax the spaces become move ov less filled with Lroken rock and
the blow cushioned, also as the vertieal distance above the workings becomes greater with each
suecessive fall,

(d.) 1t i helieved that had the massive rock cover been frequently hroken in mining No. 2
mine from the outerop, whieh usually takes place in mining. by the long-wall advancing method,
= bamps 7 wonld not have occurred.  One picce of supporting evidence for this belief is that on
the North side, where such long-wall work is done. the cover was broken over the mine for a
height of 1,200 feet vertieally withiout eausing any * hump ™ effeets.

(e.) Tt ix also Lelieved that, using the pillar-and-stall or pillar-and-room method. had the
advance mining heen as systematice as at present and not {taken out to execed 235 per cent. of the
coal, the weight thrown on the pillars would not have been great enongh to eanse their being
crushed into the floor, and probably the » bhumps ™ of 1907-S would not have occurred.

() 1t is believed that {he condition of subxidenee bhrought akout in the “ hammp ™ area of
No. 2 mine ig direetly responsible for the * bumps"™ affeeting the No. 1 mine; in other words,
had the No. 2 bed heen unworked, ithe ™ bumps ™ would not have occurred from the method of
mining earried on in the No. T mine. 1t was contended that there was no evidence of subsidence
or settlement in driving the No. | entries and rooms. The writer's experience ix that, with 150
feot intervening hetween the coal-beds and tlexible strata, any previons movement in sinking
xeveral feet would not be diseernible in the coal or shales.

(¢.) That, had the rash and top coal of No. T East mine been taken down, there wonld have
been little damage done to the mine by the * humps ™ and compavatively little danger to the
enmployees underground.

(I.) T'hat, in going into undisturbed ground beyond the No. 2 mine snbxided area, the danger
of further *humps™ would he reduced to a minimum, provided at least 75 per cent.. and
preferably SO per cent.. of the coal is left intact and the pillars not withdrawn until the mine
is refreating.

FUTURE REMEDY ror " BurMmpes,”

The plan now proposed by Mr. Wilson., General Manager of the Crow’s Next (‘oal Company,
after conference with Messrs, Robertson, Graliun, and the writer, as shown Ly the dotted lines
in the attached plan (Exhibit 4). under which system less than 15 per cent. of the coal will he
taken out in advance, ix a xatisfactory method: provided that for the protection of the employees
in No. 1 mine the rash aud roof coal ix taken down fo a point as near to the face as practicable,
for it cannot he assured that lesser * himps ™ from breaking and dropping of rocks higher up may
not continne: but by taking this precantion it ix not probable thai when a “bump ™ occurs any
one would Ie injured.
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Tt has heen contended that there are difficulties in taking down the rash and top coal on
account. of a mixture of impurity with the coal, which would in turn seviously damage the coke.
It would seem that this conld be done by mining out the roof-coal in advance, putting up necessary
timbers to support the main roof; then taking out the rash and filling same in rooms farther
back; after this. mining out the main coal and putting in louger posts to catceh the collars put
in while working out the top coal.  (See¢ sketehes by author, Kxhibits 6 and 7.)  Your investigator
recommends the trial of the system to determine if practieal, and, if not, some other plan which
sives the desired degree of safety may be developed.

An atternate plan. proposed by the operating company for room-work. is to first mine out
the main eoal in the rooms, and then drop the rash and top coal by pulling out the timbers. The
objection to this ix that until further advance, well heyond the present * bump ™ arvea, is made
with imnmmity from ™ bumps.” the majority of the miners would be exposed fo hurying or
smothering if a great * hump ™ occeurred.  While, on the other hand, where the rash and roof
had heen inken down asx shown wherever done in the main entry of No. 1 mine, no breakage of
timber or falls had oecurred.

REVIEW OF IIVIDENCE REGARDING THE GAS AND OUTBURSTS OF SAME.

The problem of equal importance in working the Crowsnest field coals, and especially in
futnre developments nnder deeper cover and greater distancee from the outerop. ix to adequately
take carve of the harge quantity of gas. Very wisely the mines ave nbt allowed to oguip with
electricity for haulage or lighiing. as the danger is too great.

The following are the chief facts developed :—

(1.7 That the flow of gas ax measured by the analyses of the retnrns and the outhursts of
gas which ocenrred at the Movrissey collieries show that the Crowsnest ’ass coalfield mines are
among the most gaseous in the world.

(2.) That gax ix derived from two sonrces: (a) Stored in the erevices and joint-planes of
rocks and coal; (h) ccelnded. or that held in the pores or cells of the coal or by sarface tension.

(3.) That an ununsnal condition has Been found in testing the amount and Kind of gas given
off by the broken coal, which. on the haxis of one sample. shows: () Thatl an unusual quantity
of hydrocarbon gasx ix given off by the coal on grinding fine in vacno: (h) that three times asx
mueh ethane and other hydrocarbons are given off as methane under these conditions.

(-+£.) That the gas-pressures within a short distance of the face of the workings are low.
which, however, is not preof that high gas-pressures may not exist at a considerable distance in
the xolid away from ithe face.

RECOMMENDATIONS REGARDING (GAS-FLOWS.

(a.) That =ince the gas-pressnres rapidly lessen from about 18 1b. 21 feet from the face to
nothing at the face of the coal. it is indicative of the importance of draining the coal-measnures
by advance headings.

(h.) To prevent the danger of onthursts overwhelming the men. as at Morrissey, it sces
very desirable in faulty ground or crushed zone that drill-holes be Kept in advance of the main
heading, and in such ground that they be advanced at only a moderate rale—say. perhaps only
oue shift per twenty-four honrs—in order to permit the slow draining of the gas.

(e.) That in those portions of the field which permit advancing long-wall thix system <honld
be used from the ontevop.  Long-wall wonld prohably prevent * bumps™ and would drain the
gas more stowly and more safely than pillar-and-stall work. ITowever, advaneing long-wall ix
not practieable with the conditions found in No. 1 Xast and No. 1 South at the present time.
thouglh probably it might Le applied in the No. 2 hed.

AECOMMEXNDATIONS FOR COMMISSION OF ‘INVESTIGATION.

It hax Leen implied in g number of places in this report that there are obscnre matters which
can only Le cleaved up hy further investigations. ‘The research-work on giases, the recording of
phenomena, sneh ax rock-trenmors, * humps.” and outhursts, and the trial of methods of mining.
The importance of most of these matters is obvicus from statements in the report, but the
inquiries may be smmmavized as follows :—

(1.) The making of carefnl topographic survey in the vieinity of all operating minex and the
establishment of monuments in advance of mine-workings by precise methods of surveying, so
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that all changes may be observed, together with the obsgervation and measurement of surface
cracks which may develop.

(2.) The establishiment of seismographs registering vertieal waves at two or preforably three
points on the face of the mountain above No. 1 South. If possible, these seismographs to he <o
connected up eleetrieally that the registrations will he made at some suitable convenient point
in the vicinity of the mine-mouth. 1t is helieved that comparatively simple seismographs would
he suitable for the purpose of determining in what horizon or stratum of the rock any disturb-
ANCeR woere l;lkil!ﬁ place, wiih the ultimate hope that some means of warning might he given
apart from the matter of scientific interest. 1t has heen claimed (with what truth is net known)
that xeismographs are now being used on the hattle-front in France {o determine the loeation
of the enemy's big guns. )

(3.) The carrying-on of experimential methods of mining the coal at the face in a praciieal
manner, especially in No. 1 bed. so as to lessen the danger in case of *“bumps ™ or falls of rash
and roof coal. and to look into the hest method of timbering for protection.

(4.3 In the matter of oceluded gas, to gather samples in varions beds, and in conjunetion
with Inboratory {esting to defermine the amount of occluded gas in ditferent coal-heds. how it is
held, and if there is any chemical instability whiceh might or might not he connected with any
shrinkage of the coal in place in the pillars of the mine-workings. In thix conncetion plugs or
monuments in the roof, sides, ribs, and floor mizhi he established at various points in the mine
to determine whether or not movement or shrinkage is going on. )

(5. 1In the matter of proteetion from fire-damp. fo continue the excellent investigations
Dbegun and carried on duving the past two years by the Provineial Inspection Department of
gathering samples of mine-air as to dangerous conditions in any part of the mine, and to obtain
dat:i on the drainage of the gases from the coal-lhed. such work being planuned with the special
view to determine the relative amounts of gas given off in various localities, also when the mine
is working and when it ix idle.

(G.) To Arilt a number of loeng Loreholes, say 100 fect or more, in advance of the working-
faces to determine the amount of gax given off from a given exposuve of surface of the borehole
al the inner end, left unpacked, <ay 3. 4. or 10 feel. as the caxe might bhe: also fo record {he
was-pressure af regular intervals from the inner end of the hole to its mouth, and thus obtain a
curve of fall of pressure from the interior of the unmined coal to the face of fhe mine. The
practical objeet of thix would e (o determine the rate at which it would he wise {o allow the
enfries {o advance. and also to determine if the gas in dangerous arcas, as in crumpled, crushed
zones, could not he bled off by means of sucl horeholes. cased or otherwisxe, as in the very
dangerous conditions found in the Carbonado mines at Morrissey. 1t ik your investigafor's
opinion that the question of methane tlow and pressure is going to be of an increasingly serious
nature in all of the mines in the Crowsnest tield as they penctrate farther under cover.

(7.) The greatest function of such a permanent conmuission would he to determine how the
collicries may bhe so laid out under the diflicull conditions which confront mining operations in
the Crowsnest field that all the coal which is now considered as a *reserve ™ may he ultimately
obtained.  When it is reealled that it ix praetieally impossible to sink <hafts into the larger part
of the field. and that, if the coal hax to he attacked from the onterop, to mine in (he interior
of the field will require entries or tunnels six, eight. or ten miles in length, the magnitude of

the prohlem is apparent.

In conclusion, 1 ennnot commend too highly the adiirable aftitude (aken by the otlicials of
vour Province, the Provineial Mineralogist, Mr. Robertson, and the Chief Tnspector of Mines.,
Mr. Graham, in regard to the problems which confront them. Their past action in safeguarding
the miiners and property hy certain orders received my hearty approval. But in sueh problems
as will confront them in fulure. in the matter of making the mines safe for the employees and
in obtaining the highest yield from the coalfields under the very diffienlt natural conditions, it
is important that {hey shall have the opportunity of conferring with and receiving the advice
of a commission of ahility, and which has members who can speak with authority on scientiiie
and technieal subjects. It therefore seems advisable {o have on such a commission a geologist,
a mining engineer, a chemist, and an experienced mine operator.

RRespeetlfully submitted.

Grorgr N, Rick.

Washington., D.C., March 26th, 1917.
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