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Thi$ invention.relates.to the drilling of earth bores.and

more particularly to the drilling of such bores by, rotary

apparatus- and with the-use of-a circulating gas which,.

as used’in’ a” broad sense, may be. air, a .combustiblé_gas

or’a mixtiire of the two in the place of a.circulating fltid

or-so-called “mud.”

In the drilling’ of earth bores-by rotary. apparatus and’
circulating gas there is danger of explosions at the surface:

after the gas has been circulated down’the bore and back:
during drilling opei'ati'ons or. in the well:-bore during cir-
colatiori. There is danger present;

or alréady-drilled. Also, in‘gas-dtilling, there-are: prob-
lemns-involved'as' to gas volumes: and ‘velocity ‘which-have:
not been solved to' maKe this manner- of drilling more
efficient!

Ohe-of the objects-of my invention is-to produce means-
. associated! with a’ rotary drillihg apparatus’ which- wilt)
have'less-datigeriof’gds explosions at‘the surface when gas-

is'employéd as the' circulatinig: fluid during drilling:
A riiors specific-object!is to'provide meansifor associat:

ing with a drilling stem which will cause combustion of*

a circulatifig: cotabustible: gas-during drilling and in the
earth: bore: before “the: gas: reachies: the: surface:
Amnother object: 1§ to: produce by combustion of: circu-

lating: gas. during drilling as greater’ velocity of the: gas
upward to the earths: surface without increasing the:

voliime: ofr gas being: injécted oxr even. under some: cordi=
tions: employing: a’ less: volume: of injected’ gas:.

A: further object is to: provide for the drying: out of

the earth’s: formations: being: drilled: when' the drilling. is:
being: accomplished withi circulation: of a: gas;. thus: per-
mitting better circulation of the gas wtili less:mixture: of
water with drilling cuttings; and: further anincrease in: a;
permanent manner-the permeability: of formations: by the:
action: of: the- Beat resulting: from: the: combustion:.

Othier objects of. the: invention will become apparent;
from the- following description takent in: connectionﬁ with:
the accompanymg drawings in which:

Figure. 1 is a.cross sectional: view of the. lewer: end: of
a rotary drilling structure having associated with the
hollow drilling stem above the bit apparatus for causmg
combustion. of the. circulating. gas. and thereby earsying:
out my, improved-drilling method;

Figure- 2. is- a1 cross: sectional view: through. the remov-

eveir' though the"
c1rculatmg gas:may” be air instéad of a combustible naturalﬂ
gas’ since’ the air may become mixed with natoral gas.
coming into the bore frofn earth formations: being drifléd:
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ing. stem ;o1 pipe.-S. at, the, lower. end of which, is a drill.

Cbit D shown. by, WAy, of example as.a rolle; type of, rockz

it.is pumped under pressurc ‘down the sth o] ptpe;,S.
where' it. passes through the. vsual float_valve F to,, the,
drill bit' D, and then up, the outsxde of the drill stem. back‘
to.the. earth’s sutface with consxderable ve10c1ty, Durmg
its; cirenlation,it.. p,lcks aup, the. cuttings: from .the. dr111 b_lt.
and carriés.them out, said .cuttings bemg relatively, small,

and. due to,the.gas velocxty they will:be, picked up and.
carried  along, with_the, gas.. Any- tendency of a, back,
pressure, will ‘be. prevented. by, the, float, valve F. Said.
valve also prevents ;undesirable condmons from develop-
ing, as.will become apparent. .

The use, of gas as. &cuculatmg medium.is well known,
either; as. air.og.a natural gas. or;a rmxture thereof Re-
ﬂardless of, which  ig, used, there. exists the danger, of
explosions at the earth’s surface when. the. oxygen' and.
hydrocarbon. content. or, other, exploswe mixture is.con-
ductive. for such_ and there is the .necessary, igniting, facton
present. It.is.this. dangex that by reason.of my, mventlon
L.intend .to ehmmate and at_the same.. time_obtain. many.
other beneficial results from the use.of gas.as.a cir i

~ fluid.in the. dnlhng.of earth, bores bya rotary. dullmg bit,
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able. power unit for accomplishing the igniting -of -the .

circulating. gas; )

Figure 3 is a simple wiring diagram showing, by way.
of example, a manner for ﬁung the spark plugs: to ignite
the gas; and

Figure 4 is & sectional view showing an igniter posi-
tioned: for igniting: of the circulating gas during its return

path within the drill stenx.

Refemng to the. drawmgs in.detail and first to. Figure 1,
there is. disclosed an. earth bore B bemg drilled from
the earth's surface by the usual roetary rig having a dnll-
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In accordance. with my. invention, I prowde means for,
igniting, the., cn'culatmg combustlble gas. after it has. cir-
culated:past.the drilling bit. If air.is.used as. the circulat-
ing, flirid, it. in. itself, will not. be.. combusnble but durm(r
its. cnculatmg it may,be mixed thh natural combustzble
gases coming.from.the; formatlons ‘belng dr1lled In,such
event. the, mixture, will " be, ignited in the bore angd, all
danger. of undesn‘ab]e exploswns will be| elnnmated 1f
combustible. gas or. a, mixture. thereof with air. is, the
circulating, ﬂmd, then: combustlon will always occur. wnh
my .inyention in.the bore. and, 10 +danger of - explosxons at
the. surface. will, be, present, and .in addition the other ad-
vantages, occurring, from. the. burmng of the gas in the“
bore will. be. present,. whlch is- an, lmportant feature of.
my. mven’uon

An example of -the apparatus I.can employ . in carr ymnr
out my invention, mcludmg my 1mp10ved method of earth,
bore drilling by gas is shown in the drawings. I;n the
drill stem above, the drilling bit 1. insert a special sub U
The distance. of thus sub above . the bit may . vary in ag-
cordance. with condxtlons It may be 10 feet, 20 Ieet
30.feet. or even. more. This snb U, is hollow. to, pelmlt
circulation.of the. gas. and suitably. threaded at its upper
and.lower. ends to fit,into the stem as any. section theleof.

Carried. by the sub. are. a plurallty of lgmters or 3
plugs. I, preferably. in a circular arrangement at one, Scc,-
tion. of the sub. Each of these plugs, as best shown in
Figure: 3, is so.constructed. as to, be. scxewed into the wall
of the sub and has a body, 10, an insulating part 11 therem
and a: spark gap. 12, by. spaced. conductors i3 and 14
carried respectively: by. the. msulatmg part and ‘the bedy.
The spark plugs are caused to. be fired by a power unit
P which: is, of the removable type. This unit has an outer
case 15, the lower end of which is closed by a plug 46 :
carrying a conductor 17 embedded in insulating material
18 which can be of heat resistant rubber or other heat
resistant msulatmg material. The conductors lead from
a contact button 19 inside the case to a conductor ring
20 carried by the insulation 18 outside the plug 16.
Bowed springs. 21 are attached to the condu tor: rmg SO
as.to provide a conductor to the spark pluas I, a.ll of
which will have their conductor posts 13 airanged to be
connected together by a ring 22 carrled by any. su1tc1b1e
insulating means with which the springs can eungage re-
gardless of the rotative posxt;on of the power unit, The
power unit has a nose piegce N whxch can engage a land—
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ing plate 23 carried at the bottom of sub U as shown in
Figiire 1. ‘

~ Within the casing is a replacement unit R which will
include batteries 24, an induction coil 25 and a vibrator
16 to produce an intermiittent surge of imcreased current
to fite the spatk plugs. Figure 3 shows a wiring circuit
including these elemerits and a usual cotidenser 27 which
are intended to illustrate only a simple and well known
cifeuit arfangerient whereby the plugs can be fired.  The
ufiit R is held in the case by a closure plug 28 and be-
tween it and the unit is a coiled spring 29 acting as a
tonductor from the umit R to bowed leaf spring 30 car-
fled off the outside of the case which will contact the
upper eiid of sub U ard complete the circuit to the shells
of the spaik plugs atd the cotiductors 14 cartied thereby.
The piug 28 can Have a pickup spear 31 whereby the
complete power unit P caii be remioved from its position
ifi the sub U when desired by a retrieving liné with an
overshot attachied to its lower erid to connect onto the
spear, as is known procedure. The tower end. of the
remiovable unit Has a contact buitori 32 whereby the
lower end of the unit will be placed id circuit with the
spark plugs, said button 32 erigagiig button 19 when
the unit is in place iri the case 15. ]

From the foregoing desctiption of apparatus enibody-
ing my inverition ‘ard usable for carrying out my im-
proved method of drilling, it will be seen that all danger
of exploding mixtures is eliminated from any circulating
gas which may contain such a mixture either as it is
circulated from the earth’s surface or as it miay occur
during circulation. I have shown orne direction of cir-
culation involved, but my invention also contemplates
a reverse type of circulation whereby the circulating gas
(air or a combustible mixture or a straight hydrocarbon
natural gas) moves down the bore outside the drill stem
to the bit and then up the bore inside the stem.  In such
case the firing of any combustible gas mixture will occur
after the circulating gas has passed the drilling bit and
the igniters will be shifted in a proper manner to take
care of the change in direction of the circulating gas.

In Figure 4 there is illustrated one suitable manner of
so shifting an igniter and referring to this figure, spark
gap 12’ is formed by conductors 13’ and 14’, the former
being part of a member 33 engageable with spring 21 and
the latter being a part of a ring 34 conductively con-
nected with sub U. The ring 34 and member 33 are
properly insulated by insulating means shown at 35
and 36.

When the gas mixture is fired, many beneficial results
are obtained besides eliminating the danger of €xplosions
at the surface. By firing the gas, heat is created and this
will increase the volume of the circulating gas and con-
sequently less pressure will be required as the greater
volume increases the velocity and therefore less volume
of gas needs to be supplied at the surface to abtain 2 pre-
determined upward rate of flow. The heated fired gas
also tends to dry out moisture from the earth’s forma-

10

15

20

25

30

35

40

tions and also permanently. increases the permeability of .

the formations, due to increased heat involved.

I am aware that modifications in structure of the ap-
paratus disclosed as embodying my invention is readily
possible, and also that the specific steps described in the
methoed can be varied without changing the fundamental
principles involved. Therefore, 1 desire it to be under-
stood that the scope of my invention is not to be limited
except in accordance with the terms of the appended
claims and equivalents thereof. :

What is claimed is: :

1. In earth bore drilling apparatus, a hollow drill stem,
a drill bit at the lower end thereof, means for circulating
a gas under pressure from and to the earth’s surface past
the drill bit to pick up cuttings and for other purposes,
said path of circulation from and to the earth’s surface
including in one direction the interior of the stem and
in the opposite direction the exterior of the stem, said
gas being combustible or capable of becoming com-
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bustible by a mixing with combustible gas coming from
the earth’s strata exposed to the bore being drilled, and
means carried by the drill stem at a point above the drill
bit for causing circulating gas which has passed the drill
bit and is on its return path to the surface to be fired
in the bore. ‘

2. The earth bore drilling apparatus of claim 1 in
which the means for firing comprises an igniter carried
in a special sub interposed in the drill stem.

3. The earth bore drilling apparatus of claim 1 to-
gether with means for preventing any reverse circulation
of the circulating gas by way of its downward path as
a result of explosions during firing.

4. In earth bore drilling apparatus, a hollow drill
stem, a drill bit at the lower end thereof, means for
circulating a gas under pressure from the earth’s surface
down through the hollow drill stem past the drill bit
and back to the surface exterior of the drill stem, said
circulated gas being combustible or.capable of becoming
combustible by a mixing with a combustible gas from
the formations being drilled after the circulated gas
reaches the drill bit, and means carried by the drill stem
above the drill bit for burning combustible gas in the
bore after the circulating gas has passed the drill bit and
comprising an igniter in the path of movement of the
gas along the exterior of the stem.

5. The drilling. apparatus of claim 4 together with
valve means positioned in the stem above the bit for
preventing return flow of circulating gas up the drill stem.

6. The drilling apparatus of claim 4 in which the
igniter is carried in a wall of a hollow sub in the drill stem.

7. The drilling apparatus of claim 4 in which the last
named means also comprises an electrical power unit for
firing the operating igniter intermittently.

8. The drilling apparatus of claim 4 in which the. last
named means also comprises an-electrical power unit
provided with means cooperating with the igniter to
cause it to operate and means for detachably mounting
the unit on the stem for ready inmsertion in or removal
from the drill stem without pulling the stem from the
bore being drilled.

9. In earth bore drilling, a hollow- drill stem, a drill
bit at the lower end thereof, means for circulating a gas
under pressure. from the earth’s surface down through
the hollow drill stem past the drill bit and back to the
surface exterior of the drill stem, said circulated gas
being combustible or capable of becoming combustible
by a mixing with a combustible gas from the formations
being drilled after the circulated gas reaches the drill
bit, means carried by the drill stem above the drill bit
for burning in the bore combustible gas during its return
path to the surface and after the circulating gas has
passed the drill bit and comprising igniters in the path of
movement of the gas along the exterior of the stem,
and electrical power means for operating the igniter, and
means in the drill stem for preventing return circulation
of gas up the drill stem during combusition of gas
mixtures.

10. A method of drilling an earth bore by a hollow
drill stem with a rotatable bit on its lower end, said
method comprising the circulating of-a gas from the
surface to the drill bit and return to the surface to thereby
carry out earth cuttings and for othér desired purposes,
said circulation in one direction being by way of the
interior of the hollow stem and the -opposite direction
by way of the exterior of the stem, and during the cir-
culation of the gas below the surface firing in the bore
any combustible mixture thereof and at a point in the
circulating path which is after the gas has passed the
drill bit and during its return to the surface.

11: The method of claim 10:in which the circulating
of the gas is down the interior of the drill stem and then
up the bore exterior of the drill stem and the firing takes
place at the exterior of the stem and at a point relatively
close to the drill bit but below the earth’s surface.
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12. The method of claim 11 in which the firing is‘

accomplished in an intermittent manner.

13. The earth bore drilling apparatus of claim 1 where-
in the means carried by the drill stem includes an ig-
niter, and means for operating the igniter for intermittent
firing.

14. The earth bore drilling apparatus of claim 1 where-
in the means carried by the drill includes an igniter,
an electrical power unit for firing the igniter, and means
for detachably mounting the unit on the stem. so that
the unit may be inserted and removed from the well bore
and stem without pulling the stem.

15. The earth bore drilling apparatus of claim 2 where-
in there is provided am electrical power unit for firing
the igniter, and means for detachably mounting the unit
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in the sub so that the unit may be inserted and removed
therefrom while the drill stem is in the bore.

16. Apparatus as defined in claim 15 wherein the last
named means includes bowed leaf springs on the exterior
of the unit engageable with the interior surface of the
sub, said springs being electrically conductive for placing
the igniter in circuit with the power of the unit,
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