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In the underground mining of coal it is neces-
sary to provide forced ventilation and where gas
in appreciable amounts is present in the coal
the quantity of ventilating air required may be-~
come very large. In order. to reduce explosion
hazards and hold ventilation requirements with-
in reasonable limits, it is now customary to seal
off sections of the underground workings as
they are mined out, by erecting: partition walls,
called “seals,” across the entries which connect
these mined-out sections W1th the active areas
of the mine.

The mined-out sections thus sealed off may

contain 50% or more of the original coal, and.
gas in . substantial amounts may be slowly re-

leased from this coal and from the marginal
walls of the mined-out section for years or even
decades. Because of the volume and persistence
of the flow, the gas has been sometimes assumed
to come into the mine from lower gas reservoirs,
but I have found that it is unnecessary to assume
communication with any extraneous source of
gas because the total volume, rate of delivery,
and rate of decline of the mine gas are all con-
sistent with experimental determination-of the
absorbed gas content of coal-samples.

To release this gas and prevent the bullding
up of a gas pressure in the sealed chambers, it
is customary to provide large open vent pipes
extending from the sealed chambers to the sur-
face. -

Although these vent pmes are- large enough to
discharze gas to the atmosphere at rates greater
than -the rate of . evolution of gas within the
sealed chambers, it-is nevertheless found that
pressures. appreciably akove or below atmospheric
occur within the chambers quite regularly. This
is due to-the changes which occur, sometimes
with great rapidity, in the barometric pressure.

For example, a change of barometric pressure
of one inch of mercury may occur within a period
of ten hours or, in the event of a violent wind
storm, in a much shorter period.. In a typical
mine two sealed-off .chambers contain respec-

tively 60,000,000 and 120,000,00 cubic feet of gas, 29

these being the volumes of -coal which are mined
out of these areas before they were sealed off.
In the smaller chamber, such 2 change of baro-
meter would .require admission of gas to the
chamber or escape of .gas from the chamber at a
rate-of about 200, 000 cubic feet per hour or-more.
This quantity of gas can not be delivered through
a.long vant pipe of normal size, for example an
8’7 pipe, without a substantial pressure difference.

It follows,. therefore, that In practice sealed

2

" mine chambers must breathe through their vent’

10

pipes at very substantial rates as the barometer
changes, and this breathing action is superim-
posed upon the intended function of venting the

_ gas which is §lowly evolved from the underground
" coal faces.

There are two unfortunate consequences of
this breathing action. .In the first instance, the
pressure in the sealed chamber sometimes builds,
up to a substantial figure, for example 6’ of

* water or more, during a rapid fall of the barom-
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eter.. In consequence there is usually some
leakage of gas through or around the seal ‘and
into the active area of the mine. This hazard
makes it desirable to install a special “split” in
the mine ventilation system, by which an en-
tirely separate current of ventilating air is
passed continuously over the mine face of the
seal to .carry away such leaking gas w1thout'
permitting it to enter the main ventilating cur-
rent. A second hazard drises when the baro-
metric pressure increases rapidly. Under. these
conditions the vent pipes inhale air instead of
venting gas, and air also tends to leak into the
sealed chambers through or around the seal.
Thus there may be created a zone of very large
volume in the sealed underground chamber in
which an explosive mixture of gas and air may
be found.. The accidental ignition of this mixture
from natural electrical discharges, chemical ac-
tion, sparks from roof falls, is therefore a pos-
sibility. .

- Safety in underground mining operations re-
quires that, to the fullest extent practicable, ex-
plosion hazards should be eliminated. by prevent-
ing the formation of explosive mixfures as well
as by preventing ignition of such mixtures. T
is the purpose of my invention to improve the
construction and operation of the equ1pment
used in underground mines of the type described
50 as to minimize or eliminate the existing haz-
ards and at the same time to recover and de-
liver the gas which is slowly evolved from the
coal in the purest practlcal form.

My invention will be fully understood from
the following spec1ﬁcat10n taken in connection
with the annexed drawing in which Figure 1
illustrates in diagrammatic section a mine in-
stallation in which the invention is utilized and
Figure 2 shows in fragmentary sectlon the de-
tails of the vent valve.,

In thls drawinsz the ‘numeral l designates 8
coal plllar or rib in ‘the center of an active entry
2 in an underground coal mine. Theé entry 2 and
the active workmgs w1th which it connects are
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ventilated in the usual way by fresh air, at least
part of which passes through the entry 2. In
the plane of the drawing the entry 2 connects
with cross entries 3 and 4 which lead to lateral
areas of the mine which have been worked out
to the existing economic point. It it well known,
however, that as mining methods improve and
prices advance it is often desirable to re-open
such “mined-out” areas and -extract further
quantities of coal. For this reason it is desirable
to avoid any action which would preclude this
possibility or make it unduly expensive to re-
open the “mined-out” areas. The enfry 3 is cut
off from the mined-out section by an inmer seal
8. The seal 5 is of masonry, recessed inte the
walls of the entry as indicated to reduce leakage
around the seal. While only one seal is shiown,
it will be understood that main entries usually
require several such seals since they may con-
sist.of multiple passages separated by ribs or pil-
lars. Spaced away from the irmer seal 5, by a
distance of perhaps 100 feet, I provide an ocuter
seal § which may be of identicsl construction
or .may be less costly for the reasons which will
hereafter appear.

The chamber T beyond the inner seal may be of
great size, Tfor example 60,000,000 cubic feet free
space, representing the volume of ‘the coal which
has been removed. “There remdging in this cham-
ber an equal volume, more or less, of ¢oal which
it 'was not economical to mine out under the
existing conditions. From this coal cortbustible
gas, consisting essentially of methane, is con-
tinuously released at a rafe which may be, for
example, 400,000 .cubic feet per day for many
years -after the chamber T has been sealed off
and all active mining operations therein discon-
tinued. To permit the gas to escape T provide a
vent pipe 8, which may be of about 8’" diameter
and which passes through the inner and -outer
seals, extends into the mouth of the cross entry
3, and is there equipped with a hand-operated
shut-off valve 9. Beyond the shut-off valve the
vent pipe 8 turns upwardly, passes through the
cover over the coal, which may be many hundreds
of feet in thickness, and emerges at the surface
of the ground where it is extended to a con-
venient height and equipped with a non-return
safety type -of vent valve 19 which will be later
deseribed. The cross entry 3 is cut off from the
active entry 2 by a timber partition 11 which per-
mits a separate stream of ventilating air to be
circulated over the outer face of the outer seal
6 without admixture with the main current of
airin the active entry 2. The entry 3is accessible
from the active entry 2 for inspection purposes
at any time by a suitable door, not shown, in
the timber partition i1.

The-chamber designated GI, between the inner
seal 5 .and outer seal & is utilized, in accordance
with my invention, as a gas-lock which is kept
continuously filled with gas withdrawn from the
chamber T and at a pressure always equal to the
pressure in the active area -of the mine. This
result is-accomplished by three novel procedures.

Flirst, the .gas from chamber T is continuously
and foreibly withdrawn from this chamber,
through the vent pipe 8, by a2 blower or low pres-
sure pump 12 located at the surface and taking
suction on the vent pipe 8 through a suetion line
13. The:gas discharged from the Blower {2 may
be delivered directly to some point of consump-
tion,or as will later.appear it may be delivered to
another sealed chamber in the same mine by a
transfer line or delivery line 14.
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The gas-lock between the seals § and 6 is con-
nected with the surface by a relatively small line
15. At the surface this line is branched, one
branch connecting with the blower suction line
13 and the other branch with the blower delivery
line 14. Each branch is equipped with a regulat-
ing valve, as indicated diagrammatically at 186.
The two valves 16 are operated by a pressure
regulator shown diagrammatically at 7T in the
form of 2 chamber divided by a flexible diaphragm
to which connecting links from the two valves
t6& are affixed. The pressure on one side of the
diaphragm is that of the gas-lock, while the
pressure on -the other side is that of the entry 3
which is the same as the pressure in the active
mine adjacent the gas-lock. These two under-
ground pressures may conveniently be transferred
to the regulator T at the suwrface by means of
small tubes 18 and (9 led down through the vent
pipe 8 and terminating respectively in the gas-
lock and in the entry 3. I prefer to make s small
opening 28¢ in the vent pipe 8 within the gas-
lock so as to ensure a constant small flow of gas
through the gas-lock.

The construction of the vent valve is shown
diagrammatically by the detailed section at the
top of a second vent line 20 and by Figure 2. The
essential operating features of the valve are that
it should permit free escape of gas under low
back-pressure, that it should prevent alf ingress
of air under any condition, that it should not
chatter or vibrate, that is should not stick, freeze
tight or corrode, and that it should prevent flash-
back of a flame or explosion through the vent
pipe if a combustible mixture should at any time
exist.

These operating essentigls are met by a valve
comprising a horizonfal pallet 21 of very light
weight which seats by gravity on a horizontal
seat, is loosely guided by vertical spaced bars 22,
whieh support the hood over the valve, and re-
strained from tipping or <chattering by a loose
link connection with the piston of s damping
cylinder 23 filled with light oil. The valve is pro-
tected by a hood 24 -and flash-back of flame is
prevented by a safety screen 25 surrounding the
vertical hood supports which form the valve cage.
The entire valve construetion is of rust-proof
metals.

"The second vent pipe 20 communicates with g
second sealed chamber 26 of very large capacity,
for example 120,000,000 cubic feet. The chamber
26 is shown as cut off from the active mine by a

" single masonry seal 21. "The entry 4 in which this

seal is erected is separated from the main entry
2 by a timber partition 28 which permits entry
& to be independently ventilated. The arrange-
ments here shown are the same as for the cham-
ber T save for the omission of the outer seal form-
ing the gas-lock provided for chamber 7.

The discharge line (4 from the blower 12 is
led into the chamber 26 by a connection 28 which
extends directly downward from the surface
through the cover gbove the coal.

At a point removed by a great distance, for ex-
ample one mile, from the seal 27, vent 20 and
transfer connection 28, there is provided a gas
delivery pipe 38. 'This delivery pipe 30 may also
be equipped with -an automatic vent valve as
heretofore described so that it may exhale gas

_directly to the gtmosphere if necessary to relieve

pressure in the chamber 28, but may not inhale
air. The pipe 30 is'in fact a gas well and serves
as the outlet for the entire gase production of
the chambers T and 26. For this purpose it car-
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ries ‘an outlet connection 31 which delivers-into
the’suction side of a pump 32. By means of this

putip the gas may be delivered under any de- "

sired pressure to a fuel gas distribution system or’

to any consuming outlet.

It is important to regulate the quantity of gas”

withdrawn from chamber 26 by the pump 32 s0 as

to ‘obtain the maximum gas recovery while re-"

méaining within the limits predetermined by ob-
serfation and test as suitable and safe. This
withdrawal ‘rate may be substantially uniform
but will ‘decline slowly as the rate of evolution of
thé sbsorbed gas from the surfaces of thecoal
declinies. For such regulation it”is necessary at

all times to know both the absolute pressure in

the chamber 26 and the barometric pressure. To
observe the absolute pressure in the chamber 26,

10

without an¥ possible error due to velocity effects

and pressure drop in pipe 30, I introduce a sep-
arate pressure tubing 83 through a fitting on the
pipe 38 above the surface, and connect this pres-
sure tube with a gauge 34 which indicates, or if

desired “also records, the absolute pressure In

chaniber 33 at a point far enough from the open-
ing of the pipe 30 to avoid velocity effects. In
close proximity to the pressure gauge 33 I provide
a barometer 35, which may also be of the record-
ing type if so desired.

‘In the operation of the installations described
above the sealed chambers T and 26 are at all

3

times free to discharge gas to the atmosphere ™

through the relief valves 10 on the ends of the vent

pipes 8, 20 and 30. These valves may be designed

to open under a pressure less than one inch of
water, and so offer a minimum of resistance to
the discharge of gas at periods when the barom-

3

eter falls below the pressure in the chambers. If
it is desired to conserve the gas and if tests show

that there is very small leakage of gas from the
sealed chambers into the active section of the
mine, when the pressure in the chambérs is higher

than>in the mine, the valves may be loaded.to”

remain closed until the barometer drops as muth
as one Half to one inch or more of mercury below
the pressure in the ¢hambersl

vents under all common fluctuations of the ba-

an " Suen” Settivig of
the valves will prevent Waste 'of ga$ through the®

\45

rofrieter but still leave them effective for storm
conditions.” It is common to encounter water in”

coal minds and in abandoned and sealed sections

roof falls and squeezes may produce water traps

through which the gas must pass on its way to

the vents. These water traps have been found fo
catise pulsations in gas delivery which result in

noisy- and destructive chattering of the valves.
For this reason all valves are preferably fitted
with dampening devices such as the hydraulic

eylinders illustrated. Despite all precautions it B

is also possible that a combustible mixture might
sometime be formed in the chambers and vent

8

pipes. Such a mixture might be exploded through ‘

atmospheric electrica} discharges and it is, there- ;

fore, “also very desirable to equip these relief
valves with metal safety sereens as shown at'25
so‘tHat rio flame can be propagated through an
opeii: valve. “The valve itself in the form' illus-
trated i§, however, a very effective flame arrester

because the velocity of efflux of the gases through :

thé 6pening between the valve and its'seat is al-
ways very substantial, corresponding to the load-
ing-of the vaive, and wil] usually exceed the rate
of flame propagation. o

From the foregoing it will be understood that '

as_a basic principle of my invention the sealed
chimbérs Temain in direct connection with the

6

70
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atmosphere through large diameter vent pives -
which are always effective to prevent the build-
up of any dangerous gas pressure in the cham- -
bers, but that through the installation of suit-
able vent valves and safety screens on ‘these -
pipes the entry of air into the chambers is pos-
itively prevented, flash-back of flame through™
the vents is prevented, and by loading the valves =
within limits ‘approximating the most common
barometric changes, loss of gas to the atmos-
phere may be avoided without rendering the
vents ineffective to release gas when and if the
pressure difference between the chamber and
the active mine should build up above a safe level.
This pressure difference may be visually observed
by comparison of the two gauges 35 and 34 (which
may be duplicated for chamber 7) since the pres-
sure in the active mine will always be the baro-
metric pressure with a constant correction for
the depth of the mine and the pressure differ-
ential created by the mine ventilation system.
To forcibly remove the gas continuously
evolved from the coal in the sealed chambers,
there is provided the blower {2 and pump 32,
and although the detailed arrangements used for
that purpose are of course subject to change as
required by variations in local conditions, the
principles are well illustrated by the installa-
tions shown and described. Thus it is desirable,
where maximum rate of recovery of gas is want-
ed, to carry a mean pressure in the sealed cham-
ber below the mean pressure of the active mine.
This lowered pressure accelerates the rate of
release of gas from the coal. Where it is nec-
essary to maintain the highest practical heat-
ing value on the gas, in-leakage of even small
proportions of air through the seal or through
the roof, floor or side walls around the seal,
must be prevented. Also such in-leakage in-
volves the hazard of creating a zone of explo-
sive mixture within the chamber. I have, there-
fore, provided a gas-lock by installing a second
or outer seal 6. This gas-lock I maintain al-
ways at the same pressure as the active mine
by circulatirig gas withdrawn from chamber T
by the blower 12. The circillation is controlled
by the pressure vegulator 17 which is, through -
the pressure tubes 18 and 19, responsive to. the
pressure différeritial between the gas-lock and -
the sdctive mine. -Should the pressure in the’
gas-lock tend to hecome lower than that in the
mine the regulator opens the valve in the con-
nection from the line {5 to the blower outlet
14, and simuitaneously closes the valve in the
-connection to the blower inlet {3. Gas is thus
delivered -to the gas-lock, building up the pres-
sure until it becomes equalized. - Correspond-
ingly, pressure in the gas-lock above that of the
active mine passages 2 and 3 acts to open the
line I5 to the suction side of the blower and
quickly restore the equilibrium. In all cases the
hole 28a in the vent line within the gas-lock
ensures a circulation of gas through the lock and .
prevents it from becoming a dead-end, which by
slow. in-leakage or diffusion of air might be-
come an explosion hazard. 'The hole 20c¢ may’
be considersbly smaller than the tube {5 so
that it cannot prevent the maintenance of the
desired pressure equilibrium between the gas-
lock and the active mine. In setting the pres~
sure regulator {71 allowance must be made for
the difference in specific gravity between the
gas and air. Coal mine gas of good guality and
free from substantial contamination with air is
s in fact “natural gas.” Like the “natural gas”
recovered from non-carboniferous formations it

Ov

5

40

0

5



2,508,949 -

B
is-principally -methane and ‘has .a specific grav-
ity -in -the approximate range of .57 to .64 and
with -deep mines the resultant difference in the
weight of the column of gas in the pipe 18 and
the -column of air in the pipe 18 may be over
6’ .of water. This correction if not made and
maintained will render the gas-lock ineffective
as a practical means for closely balancing gas
and air pressures and avoiding contamination of
the mine air by out-leakage of gas on the one
hand, or danger of creating an explosive mix-
ture behind the scal by in-leskage of air on the
other hand. In order to maintain constant con-
ditions corresponding to ‘the correction made as
above, it is .desirable to provide a.small air hole
in the tube 19 at the surface to ensure very slow
circulation of -air through this tube, and also
to provide a very small gas connection between
tuke I8 and the inlet line {2 of the blower, as
indicated at {4q. In both cases the amount of
circulatien is too small to create velocity effects
or -give an error in the pressure reading but suf-
ficient to ensure constant quality of gas -in tube
18 and air in tube 19 corresponding to the cal-
culated correction for the difference in weight
of the gas and air columns in the two tubes.

The blower {2 is-driven by some suitable prime-
mover, not shown, to apply suction to the vent
8 and forcibly remove the gas and deliver it un-
der pressure into the outlet line 14. It is reg-
ulated to operate at a constant rate .of deliv-
ery less than or equal to the rate of evolution
of -gas from the -coal in chamber 7, and as in-
dicated above, this evelution rate is itself af-
fected by the absolute pressure in the chamber.
By the use of the gas-lock ‘GL in which the
pressure is equalized with the mine pressurs
the chamber T may be carried at constant ahso-
lute pressure below the mean pressure in the
mine. Gas recovery is thereby accelerated, and
at the same time mine safety conditions are im-
proved. There is no cut-leakage of gas through
or around the outer seal § because of the equi-
librium of pressures, and while there may be
appreciable leakage “fromr the gas-logk -into the
chamber 1, it is gas only which enters the cham-
‘bet:

I the .cdsé .of miost large -mirf‘;es & Aaumbper of
Separate sealed chamibers wilt e .ersated suc-
cessively ds miring operatiofis prodeed. In such
cases it is desirable to wtilize one of these cham-
bers as g delivery chamber for all gas to he fur-
nished to consumers. I have shown the cham-
ber 26 as used for this purpose. The gas from
the blower outlet 14 is, therefore, discharged
through a direct connection 28 into the cham-
ber 1. This leaves the full capacity of vent pipe
20 available as an outlet for emeygency relisf
of excessive pressures in chamber 285. The
chamber chosen as the delivery chamber will
preferably be one of very large volume.  This
makes it most effective as a pressure equaliz-
ing and mixing reservoir and has the additional
advantage of permitting the outlet to be. locat-
ed at a point so far removed from the inlet and
from the seal and vent 26 that any air which
may enter by leakage at these points will re-
main for long periods in contact with the coal
in the chamber 26 Dbefore reaching the outlet
pipe 3%. I have found that under these condi-
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tions the oxygen content of the leakage air dis-

appears by slow chemical reaction with the coal
to form carbon dioxide. This is very desirable
where the gas is to be delivered into a distri-
bution system.

8 .

As 9. .specific example -of the method of opera~
tion-of the equipment and installation above de-
scribed the following is cited. The sealed cham-
bers are filled with air from the mine ventilation
system up to the time when they are cut off from
the active mine, and it follows that there ina long
introductory period during which the gas slowly
evolves from the coal replaces and expels the air.
Throughout this period large zones of explosive
mixture necessarily exists in the sealed cham-
bers and it is therefore very important that the
valves and safety screens function perfectly to
avoid any flash-back. In the course of time this
hazard diminishes-as the gas percentage increases
and the-oxygen content of the residual air is re-
duced by slow-combination with the coal to form
CO2. When the pumps are started the valve 40
on vent pipe 8 is Joaded to open at a pressure of
one inch of water. The mean barometric pres-
sure at the surface of the ground in the locality in
question is 29 inches of mercury, and correcting
for the height of the 2ir column in the mine shaft
and the pressure loss of the mine ventlation sys-
tem the mean pressure in the active mine is 29.5
inches of mercury,  The blower 12 is regulated to
maintain an absolute pressure of 28.25 inches of
mercury in the-chamber T, under which condition
it is found that the blower delivers 400,000 cubic
feet per:day-of gas having a specific gravity of .60
into the transfer line 14. This is the rate of
evolution of the gas from the coal in chamber T
and will ‘be found to be substantially constant for
any -constant absolute pressure, declining slowly
with the passage of time. The blower 12 may
deliver the gas at a pressure of 5 pounds per
square inch, which is adequate to discharge the
gas info the chamber 26 through line 28.
Through the valve {§ gas enters the pressure
equalizing line 15 and is conveved to the gas-lock,
building up the pressure there to the ‘same level
as in the entry 2. This is a mean pressure of 29.5
inches but changes continuously with the fluctu-
atigns of the baremeter and on some ocecasions
$low, the absolute pressure of
-Gggmber 7. When this
whator 17 opens the line
1o the.suctioh ling i#3-of $he blower until the
equilibrivn s reached. &iiie (3 is small enough
so that there is-always a pressuré drop in the line
Sufficient to operate the system as -Hesd®Baa. It
the baremetric pressure at the surface falls suffi-
ciently or if the blower 12 ceases to operate for
any-reason, -the automatic valve on the vent (3
opens to release -gas directly from chamber 7 to
the atmosphere and thus pbrotect the active mine
against in-leakage of gas from the chamber.

Under normal operating conditions, the gas
delivered into chamber 26 through transfer line
28, together with the gas evolved from the coal
in this chamber, is continuously removed by the
well-pipe 39 and pump 22, and may be delivered
at high pressure -directly into 2z long-distance
transmission line.. The pump 32 may be regu-
lated to-hold, for example, in chamber 25 an abso-
lute pressure .of 29.5 inches .of mercury corre-
sponding to the mean pressure in the active mine.
The relief valves on the vent 20 and well-pipe 30
may be loaded to open at a pressure of 3 inches
of water, above atmospheric pressure, it having
heen determined that this much pressure differ-
ential may be tolerated without important leak-
age of gas from the chamber 2§ intc the active
mine. Since the mean pressure in the chamber
26 is slightly above the mean pressure of the mine
there is no danger of in-leakage of air into cham-
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ber 26 save during brief and infrequent periods
of unusually high barometric pressure, and the
large flow of gas into the chamber 26 adjacent
the seal 21 through the transfer line 28 prevents
this in-leakage from forming a zone of explosive
mixture near the seal which might otherwise
oceur. As has been pointed out, occasional small
in-leakage of air at this point does not appre-
ciably affect the quality of the gas delivered

through vent 30 because of the remote location I

of the latter and because in its travel through the
maze of passages which exist in the worked-out
area the oxygen content of the air disappears and
is replaced by a much smaller amount, one-half
or less, of carbon dioxide. In the event the de-
livery pump 32 should cease to operate the vent
valve on top of well-pipe 30 is available to re-
lease gas from the chamber 26, supplementing
the valve in vent pipe 20,

I am aware that it has heretofore been proposed
to recover gas from virgin coal seams in situ by
specially piercing such seams with bores, drifts,
and tunnels and applying a vacuum.

The present invention is not directed to this
problem but to the special problems which arise
when active mining operations have been or are
being conducted in a gassy coal seam. The pri-
mary need under this latter condition is to re-
duce the gas hazard involved in the mining itself.
By the installations and procedure of my inven-
tion this primary need is met in a manner which
also permits the collection and delivery of the
maximum amount of the highest quality gas from
the coal still remaining in the workings when

further removal of coal becomes uneconomical. 3

I have illustrated and described two intercon-
nected sealed chamber systems of this kind, one
of which operates under a mean pressure slightly
below that of the active mine, and the other of
which operates under a mean pressure slightly
above that of the active mine. In both cases
direct communication with the atmosphere is
provided through special venting appliances, and
in both cases the pumps used for the delivery of

this gas to a point of consumption are also em- °

ployed. to reduce the pressure build-up within the
sealed chambers. For simplicity the instrumen-
tation required for these systems has been re-
duced to diagrammatic showings and not dupli-
cated.

For the purpose of making my invention clear,
T have shown and described in some detail and
by the aid of specific examples the principles and
method of use of my invention. Through use of
these principles and methods of application, it is
possible to add material amounts of natural gas
to the world’s current fuel supplies, while at the
same time eliminating or reducing the hazards
of fire and explosion associated with the active
mining of coal in gassy underground mines. The
same installations and methods may be used in
mines in which active mining has been tempo-
rarily or indefinitely suspended since these instal-
lations best lend themselves to the state of the
mine when active operations were suspended and
leave open the possibility of re-opening the mine
at minimum expense. Often it is possible by
transfer of gas from one underground chamber
to another, as illustrated in the example given,
to save the cost of gathering and transmission
lines and at the same time secure greatest uni-
formity of gas quality.

I do not regard the invention as limited to any
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of the details shown or described save in so far
as such limitations are included within the ap-
pended claims in which it is my intention to claim
all novelty inherent in my invention as broadly as
is permissible in view of the prior art.

What I claim is:

1. The method of minimizing gas hazards in
underground coal mining operations and simul-
taneously making possible the recovery of the
maximum amournt of highest quality gas at a
uniform rate declining only with the slow decline
of the rate of gas evolution, which method com-
prises sealing off a mined-out section of the un-
derground workings by a partition wall across the
entry connecting it with the areas in which active
mining continues, connecting the sealed chamber
with the surface by a gas flow conduit normally
closed against the atmosphere, forcibly withdraw-
ing gas from the chamber at a rate not exceeding
that at which it is evolved from the exposed coal
surfaces under a constant pressure approximat-
ing atmospheric pressure, and opening such
chamber to the atmosphere through said flow
conduit only when accumulation of excess gas or
a falling barometer causes the chamber pressure
to exceed atmospheric pressure by a predeter-
mined small amount.

2. An operation conducted according to preced-
ing claim 1, and including the additional steps of
employing a second partition spaced away from
said first named partition to form a gas-lock, and
forcibly circulating a portion of the withdrawn
gas through said gas-lock while maintaining
therein a pressure varying with the barometer
and always equal to the pressure in the adjacent
active mine avea, whereby leakage of gas from the
sealed chamber into the active mine or leakage of
air from the active mine into the sealed cham-
ber under pressure differentials created by for-
cible withdrawal of gas or by changing barometric
pressures are both prevented.

3. An operation conducted according to preced-
ing claim 1 involving a plurality of sealed cham-
bers, and including the additional steps of for-
cibly transferring gas withdrawn from one sealed
chamber into another sealed chamber and for-
cibly withdrawing the transferred gas as well as
the evolved gas from the second chamber.

4. An operation conducted according to preced-
ing claim 1 involving a plurality of sealed cham-
bers and involving the additional steps of for-
cibly transferring gas withdrawn from one sealed
chamber into another sealed chamber at a point
adiacent the sealing partition and foreibly with-
drawing the transferred gas as well as the evolved
gas from the second chamber at a point remote
from the sealing partition.

5. An operation conducted according to preced-
ing claim 1 in which the gas is forcibly removed
from the sealed chamber at a point remote from
the sealing partition.

FRANK A. HOWARD.
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