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UNDERREAMER WELL DRILLING APPARATUS

- Application filed October 23, 1829.  Serial No. 401,925.

This invention relates to improvements in
under reamers for cutting a plane for a well
casing, so that it may be lowered into-the

~well with a minimum of resistance, and one

B of its objects is to provide means for sup-
porting a plurality of reamer bits, eapable of
shifting the reamer bits to outward well
reaming positions or to inward retracted
positions, to permit of the withdrawal of

10 the entire reamer unit from the well casing,
without requiring the withdrawal from the
well of the well casing.

Axother object of the invention is the pro--

vision of a reamer housing having earth de-
18 taching means capable of enlarging the bore
of the well, as the housing is. progressively
lowered into the well, and earth collecting
and Lolding means so arranged that the earth
detached by the earth detaching means will
-20 }s vetiined from again falling into the well,
and may be removed when the reamer hous-
ing is raised to the well top and opened up.
A further object of the invention 1s the pro-
vision of scrapers for completing the détach-
mient of earth from the bore wall of the well,
arrariged to follow the reamer tools, and
located above the inlet for the earth holding
chamber, to cause the detached earth to fall
into this c¢hamber. ' :

' "Another object of the invention is the pro-
vision of a reamer unit with a housing in
which a pait of fraimes are pivoted, each of
which carriés a reamer bit tool, and means
whereby the frameés are rocked upon their
pivots under remote control, so as to shift
the teamer tools from retracted positions in
the housing to downwardly converging posi-
tions, so that they progressively enlarge the

bore of the well as the housing and reamer

10 4o0ls ave forced downwardly.

Another object of the invention is the pro-
visien of a housing in which mechanical
inearis may be installed for shifting the
reamer tools from their inoperative to their

® cutting positions, or ‘retracting them from
the latter to the former, or pneumatic or
equivalent means may be substituted, with-
out changing the toggle joint between the
frames of the reamer tools.

A still further object of the invention is

to provide means for interlockably connect-
ing the reamer housing to the well casing to
permit. of the withdrawal of the reamer hous-
ing and the coupling thereto of additional
well working units and its subsequent inter- 55
locking with the well casing.

Anotner object of the invention is the pro-
vision of a sectional housing for the reamer,
the sections of which can be positively bolted
together, yet separated to replace, repair, or 2. -
adjust the parts enclosed thereby. '

Other objects and advantages of the inven- -
tion will be hereinafter specifically pointed
out, or will become apparent; as the specifica-
tion:proceeds. ' R €35

“With the above indicated objects in view,

-the Invention resides-in certain novel con-

structions and combinations: and arrange-
ments of parts, clearly described in the fol-
lowing specification and fully illustrated in ¢
the accompanying drawings, which . latter
show ‘embodiments of the invention as at

. present preferred.

In the drawings:—: :

Figure 1 is a view ‘in perspective.

Figure 2 is a vertical sectional view there-
of, showing the reamer tools retracted.

Figure 3 is a similar view showing the
reamer tools in their expanded or cutting
positions. 80,

Figure 4 is a view in perspective of one
of the sections of the reamer tool housing,

Figure 5 is a view in perspective, partly in
section of the lower portions of the two hous-
ing sections. . g5

Figure 6 is a perspective view of one of the
rocker frames and its individual reamer bit.
~ Figure 7 is a perspective view of a rocker
frame with the reamer bit removed. ;

Figure 8 is a detail cross sectional view °
taken on line 8 of Figure 2, looking in the

-direction of the arrows showing the reamer

bit retracted. :

Figure 9 is a similar view taken on line
9 of Figure 3, showing ‘one of the bits éx-
panded. i : :

Fig. 10 is a vertical sectional view through
a well under .construction; showing a series
of combined units, mainly in elevation, and
partly in vertical section. 150
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Fig. 11 is another similar view, showing a
different grouping of units.

Fig. 12 1s still another similar view, show-
ing still another grouping of units.

Referring to the drawings in detail, 10
designates the lower end of a well follower
casing, in which a motor driven head 11 is
longitudinally and slidably interlocked for
withdrawal, leaving the well casing 10 dis-
posed in the well.

This well casing comprises a series of sec-
tions coupled to each .other in the manner
described in my copending applications here-
inafter designated. The lower end of the
head 11 includes an externally threaded cou-
pling member or element 11a to which the
coupling sleeve 12-is threaded. This sleeve
or union is provided on its lower end with
coupling means 12q, designed to receive the
upper tapered externally threaded end 13¢
of the split housing 14, which comprises the
companion longitudinal sections 15 and 16.

Each housing section comprises an upper
part 17, an intermediate part 18, and a lower
part 19. Each housing section is constructed
like the other, as to general operating details,
so only one will be described in particular.

The upper part 17 is constructed so that
one-half of the externally threaded coupling
end 13 will be carried by it, the two sections,
when placed in abutting relation, providing
the completed coupling member. An inte-
gral wall section 20, is formed on each hous-

_ing section, and this is formed with an axial

recess 20a, and the two recesses of the com-
panion housing sections thus make a circular
opening to receive the operating rod or shaft
21, which cdrries on its upper end portion
the gear racks 22 and 23, on opposite sides
thereof. - Tach wall section has a flat trans-
verse Tace 207, so that the two sections will
meet at a median line through the complete
housing.

* The intermediate part consists of the cen-
trally located vertical web 24, which is
formed with a flat inner face 24’, the upper
end of which is connected integrally to the
upper part 17 by the horizontal brace por-

_tion 25, which is spaced vertically below the

upper part 17 and extends outwardly to con-
nect integrally with the pendant portion 26
of the wall of the upper part. The outer wall
portions of the sections of the upper part
form a cylindrical body.

The lower end portion of the vertical web
94 is integrally connected to the cross bar 27,
the outer ends of which are integrally con-
nected with the curved or semi-cylindrical
wall 28 of the lower part 19. This semi-
cylindrical wall 28 is formed with relatively
large earth openings 284, shown to be two in
number for each half portion of the lower
part of the complete housing, thus providing
three radially spaced posts 29, 30, and 31, on
which the external screw threads 32 are

1,896,107

formed. These screw threads extend for
only a limited distance longitudinally on the
three posts, thus leaving an unthreaded por-
tion 33 between the upper edge portion 28
of the earth openings 28a and the external
shoulder 34 formed on the lower part 19.
The lower end of the sectional housing is
provided with a split coupling socket 385.
When the two housing sections are connected
to each other the sleeve 36 is threaded upon
the external threads 32 so as to close the
earth openings 28a and hold any earth col-
lected 1n the earth pocket 87 between the
socketed coupling head 35 and the cross bar
27.  This sleeve may be shifted from its nor-
mal closing position upwardly of the earth
openings 28a to a position adjacent the flange
or shoulder 34. -

The two housing sections are bolted to each
other by means of the bolts 38 which are ex-
tended through registering transverse open-
ings 38a formed in the upper parts of the
two sections, and through bolts 39 extended
through transverse openings 39« in the lower
part 19 of the two sections, above and below
the normal position of the sleeve 36.

The two housing sections are further se-
cured to each other by the additional bolts
40, which are extended through the register-
ing bolt openings 40z formed in the webs 24.
The abutting central webs 24 are formed with
registering pivot holes 24a and 240, located
near the lower ends thereof, which are en-
gaged by the pivot bolts 41 and 42 of the
rocker frames 43 and 44, which carry the
reamer tools 53, -

Each rocker frame is like the other and in-
cludes paralled side walls 47 and 48 and in-
tegral end walls 49 and 50. The upper end
wall 49 is formed with an integral lug 49a
which is located midway of the opposing
faces of the walls 47 and 48 and to this lug
the bifurcated end of the toggle link 51 is
pivoted by the bolt 52. The inner end of
this link is provided with an eye 51a. The
rocker frame swings from an inoperative po-
sition to an operative or expanded cutting
position upon the pivot bolt 41, which ex-
tends through the holes 24¢ in the coupled
webs 24, o ,

On the rocker frame, the reamer tool 53
is' mounted for rotative movement. This
reamer tool is a cylindrical body and is
formed with a series of radially spaced teeth
to cut into the bore wall of the well. A
scraper blade 54 is mounted against each
rocker frame by the bolts 55, and the pivot
Ziﬂt 41; through the medium of nuts 55¢ and

a.

‘The links 51 of the two rocker frames are
pivotally connected at their inner ends to the
cross head 21a of the rod 21 by means of the
bolts 215 and 2lc. In its lowermost posi-
tion this cross head occupies an axial relation
to the links 51, so as to hold the rocker
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frames in their outermost positions. When
the rod 21 and its cross head is in its upper-
most position the rocker frames will be held
in a retracted or non-cutting position.

The operation of the rod 21 1s accomplished
by means of the gear 56 which engages the
rack 23, and which is actuated through the

vertical rack 57, carried by the pull and push
rod 58, which extends to gear rack De of Fig--

ure 10. The rack 22 is engaged by the pinion

‘gear 59 which is rotated by means of the pin-

ion gear 60, and this is actuated by means of
the vertical rack 61 on the sectional pull and
push bar 62, which extends to gear rack Dt
Figure 10.

By operating the rods 58 and 62, the ream-
er tools may be shifted to outward cutting po-

“sitions, or retracted, as the toggle movement

composed of the links 51 and the cross head
21a of the rod 21 force the rocker frames to
an upwardly diverging relation, moving the
rotary reamer tools to cutting engagement
with the bore wall of the well, when the rod
21 is moved downwardly, or will swing the
rocker frames and their reamer tools inward-
ly when the rod 21 is moved upwardly.

In the practical use of the under reamer,
it is necessary to support it below the lower
or head seetion of the well casing, so that the
reamer tools will cut a plane for the easy and
true lowering of the well casing, but the un-
der reamer itself is Itmited to lateral cutting
against the wall of the well bore, and before
it can be advanced the obstructed earth must
be drilled or loosened, detached and trans-
ported from place. .

I have, therefore, devised a combined or
series unit system, including the under ream-
er and an earth detaching and conveying
means, which is coupled to the under reamer,
and withdrawable from the well casing with
the under reamer. :

In Fig. 10 I show a combination between
the under reaming unit, consisting of the
strueture previously described, which will be
here designated as well apparatus unit B,
the motor head unit at the top thereof being
designated unit A, and the core barrel unit
at the base of the under reamer unit being
designated as unit C. The motor head unit

is. provided with a casing or housing Al,

which is interlocked to the lower section of
the well casing, by means of longitudinal
keys and keyways. In this housing an elec-
trical motor is arranged, the shaft of which
extends to a reduction gearing enclosed by
said housing, and motion is transmitted

from this reduction gearing to the coupling -
_ union A2, which unites the well apparatus

units A and B. . By this driving connection
the reamer unit B will be rotated in the
formed well, while the housing of the motor

head unit A will be locked: in the well casing -
. against relative rotative movement.

he core barrel unit C is coupled to the

under reamer unit B by means of the cou-
pling union Ba, so that the two units will
rotate together. The core barrel unit is
equipped with a dirt holding chamber Ca,
in which dirt is trapped by means of the
flexible ‘metal strips Cb, which strips are
forced into this chamber through slots Cc
in the wall of said chamber, by means of
preumatic operated reciprocating mecha-
nismn contained in the housing of the core
barrel unit C as shown in my copending ap-
plication Ser. No. 401,447, hereinafter re-
ferred to. The core barrel unit C carries
drilling means Cd on the lower end thereof.

The motor head wunit mechanism will
simultaneously rotate the under reamer unit
B and the core barrel unit C, so that the
earth is detached or loosened by the action of

(‘2

(]

the end drilling tools, and forced into the

dirt holding chamber Ca. This permits of
the lowering of the core barrel unit A with
the progress of the excavation thus made.

As the core barrel is filled ‘it is removed,

together with the under reamer unit and the
motor head unit, by withdrawing the whole
series of units through the well casing.

The equipment is then returned to working:

position at the lower end of the well casing,
and the.operation repeated.

As the core barrel excavates and conveys
the earth to form the well bore, the under
reamer descends; and as it is being rotated
while it s moving downwardly, the bore of
the well is enlarged progressively to dccom-
modste the diameter of the well casing,
which can be progressively lowered into the
well, without straining. ~

The interlocking connections between the
motor head unit and the well casing is such

that the under reamer unit and the core
barrel unit carnnot drop into a sand pocket,

and become lost, or perhaps force the aban-
donment of the well, but are safely suspend-
ed by the integral stops formed at the eénds
of tie longitadinal keyways of the  well
casing. :

- This interlocking connection permits rela-
tive longitudinal movement of the motor
heads unit A in the well casing, so that the
combined well apparatus, consisting of the

“coupled units A, B and C, can be reciprocat-

ed by hoisting and lowering the coupled

-units, thus producing any advance in drill-

ing which particular conditions demand.
The core barrel unit is equipped with means
in its housing to reciprocate the.flexible

earth trapping strips whicl enter the earth

holding chamber Ca. -
In Fig. 11 T show my improved combined

coupling and locking head D, which is inter-

locked to the lower section of the well casing
against longitudinal movement in either di-

rection, and against relative rotative move-

ment. This interlocking action is accom-
plished by the same system of lengitudinal
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keys and “keyways described, involving ra-
dially spaced integral keys on the exterior of
the -housing of the unit D, and radially
spaced integral keys on the inner side of the
lower section of the well casing, the two
sets of keys being interlocked by sliding ac-
tion; and this interlocking serving to prevent
relative rotation of the unit D in the well
casing. This unit D is equipped with mov-
able keys Da, operated by. mechanism car-
ried by said unit, and controlled by suit-
able cables or operating devices extending to
the surface of the well, for moving these
units into and out of the transverse keyways
10" formed in the lower section of the well
casing. The -mechanism for shifting the
keys Da from. positions in longitudinal
alignment with the external longltuchnal
kevs Db thereof to positions lateral of said
keyq includes companion gear racks De and
Df, which work Vertlcwlly in opposite direc-
tions to shift cams which move the keys Do
from -one of their positiens to the other of
their positions; all of said keys Da being
shifted circumferentially -in the same hori-
zontal plane, so that the coupling head D is
interlocked simultaneously to the well cas-
ing at a plurality of radially spaced points,
avamst relative longitudinal movement, as
well as against relative rotative movement.

The under reamer unit B is coupled to the
Jower end of the combined coupling and
locking head D, and to this under reamer
unit the core barrel unit C is coupled, in the
manner already described with reference: to
Fig. 11

In Fig. 12 1 show a :,hrapnel drilling unit
L coupled directly to the lower well casing
section, by means of its external longitudi-
nal keys Ea and the corresponding keys
formed in the well casing section. This par-
ticular shrapnel drﬂhno unit embodies in-
ventions of an advanced order elsewhere de-
scribed by me, in my copending application
Ser. No. 401,446 referred to hereinbelow and
includes 1acha11y shiftable drill bits Xb,
which are operated by means of cams verti-
cally shiftable by controls extending to the
top of the well, from the head Ee.

“The unit is com:\led to the under reamer
unit B, which is couplod to the core barrel
unit C. In this combination of well appara-
tus units the percussive action of the shrapnel
drilling unit is transmitted to the under
reamer, and thence to the core barrel unit.
To facilitate its excavation of the carth the
core- barrel unit is provided with endwise
drilling teeth, adapted to penetrate the
010u*1d wiien pressiire in the form of a per-

’ cussive action or otherwise is applied Lmams

the housing of this unit.

The under reamer clears or cuts a plane
which permits the well casing to be progres-
sively lowered, and additional sections cou-
pled thereto as this lowering takes place.

‘progressively follow each deflection.

1,896,107

The core barrel provides means for rapidly
loosening the earth and conveying it from
the Well instead of compacting it in place,
which would be apt to increase the resistance
to further penetration of the well casing.

The combined well apparatus units pernut
accurate vertical well drilling, so that there
is a minimum of deflection of the axis of the
well casing as it is progressively lowered in
{;he ground.

peue nce has established the fact that

irre 'JuLu ities of strata and the varying hard-
ress of material encountered in well drilling,
nartlv the inclined or sloping layers of mat-

er of such varying hardness, causes a sig-
n’ﬁc‘m\/ deflection of the drilling tools, which
This
restlts in incres wing the total length of the
wdl from its top to the oil or Wlthrlmwmo
ievel, and the Dntq7 of the bore of the well
in many cases to mineral property belonging
w0 some other than the owner of the well be-

ing driven.
By means
ing

of the forced longitudinal guid-
action set up between the Tower section of
well o mrn and the series of well appa-
vhich may be coupled thereto,
wspended thereby, against all
Hemg lost by bemo detached
he well casing, the drllhnrf is held as
7 as it is possible to do so, in a true ver-
t'cal plane, The well casing thus acts as a
uﬂe or tubular guide to hold the cutting
meansin a path of action parallel to its own
&XIS
Any irregularities in the axis of the well
which may result from uneven cutting of
‘rhe core Darrel unit, are corrected by the
reaming action which the rotating reamer
tools produce against the bore. of the well.
The well casing 1s thevefore shifted ver tical-
Iy into a CJE(u]l well of a diameter and axis to
permit rapid straight lowering of the well
casing, and to reduce, if not actually elimi-
nate breakage between the coupled sections
of the well casing.
Well casing which makes a bend, due to de-
flaction of the well from. the Vertunl is more
difficult to turn than if it was all ver ucal, and

and wqod;f
possibility -)f

from ¢

ne

-the length of the well casing needed to line

any well naturally increases with the deflec-
tion it makes from the vertical. The greater
the deflection; the greater the breakage of
the casing s edmﬂls the greater the cost of
drilling and thc longer it takes to complete
the dr 1111Lb that the well can be turned to
productive uses.

In this system of well drilling the casing
itself performs a guiding and sustamlng
function. It guides the drllhnw units to pro-
duce 2 Vertical well, and sustains the wall
of the bore thus produced against collapse,
and remains in place so that progressive op-
erations can be carried on without danger of
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losing the excavational work prex?iously ac-

.complished.

It is not necessary to reciprocate the well
casing for driving the well itself, as this work
is produced by means of excavating and drill-
ing equipment calculated to provide a true
vertical path for the progressive lowering of

‘the well casing, and the well casing is not

crowded into the ground so that it sets up

_other tendencies to deflect the well from its

predetermined vertical path.
‘The under reamer unit B is equipped with

an air jet B, through which compressed air

is supplied to the well chamber to support
the wall thereof, below the well casing,
.against collapse, when the under reamer and
core barrel are removed, or when the unit or
units coupled to the motor head are with-
drawn. - The compressed air jet B! is supplied
with compressed air from a flexible conduit,
which extends to the transfer or wiping
joint as shown in Fig. 10. This wiping joint
consists of a band of packing F disposed in

surrounding relation to and secured to the’

motor head unit A. Tt fits snugly in the well

-casing and when the motor head unit is in
place in the latter, it rests at the lower edge:

on the seat F’, thus sealing the casing at this

point against escape of air and thus prevent--

ing the dissipation of the air pressure sup-
ply by the air jet B!. Through this joint
compressed air is supplied from the surface
of the well, by conduits which extend to the
well top. ”
The air pressure used would be determined
by the depth of the well and the character of
the material encountered. If this material
had low cohesive power or stability then it
would be necessary to-maintain the air pres-
sure, so that the wall of the well below the
well casing would be internally supported
against ool%apse*, when the well drilling units

were withdrawn through the well casing,

leaving the latter in place.

The top of the well casing is sealed by

means of a gland joint against leakage of
the compressed air.
- The motor head unit A, shown in Fig. 10,
is disclosed in detail in my copending ap-
plication for patent, Ser. No. 401,445, filed
October 22, 1929. The core barrel unit C
shown in said Fig. 10 is discloséd in my co-
pending application - for patent, Ser. No.
401,447, filed October 22, 1929. The lock-
ing head unit D shown in Fig. 11 is disclosed
in my copending application for patent, Ser.
No. 386,354, filed August 16,1929. The per-
cussive drilling unit E, shown in Fig. 12, is
disclosed in my copending application for
patent, Ser. No. 401,446, filed October 22, 1929.

Other features of the invention than those

fully in my copending applications herein
identified ; and attention is directed thereto

S

for certain features of the invention shown:

here, but claimed there.

The hereinbefore described constructions
admit of considerable modification with-
out: departing from the invention; there-
fore, I do not wish to be limited to the pre-
cise  arrangements shown and - described,
which are, as aforesaid, by way of illustra-

“tion merely. In other words, the scope of
protection contemplated is to be taken sole-:

Iy from the appended claims interpreted as
broadly as is consistent with the prior art.

I claim as new:—

1. An under reamer comprising a hous-
ing -made in companion longitudinal sec--
tions ‘and providing earth receiving:com-:

partment, a pair of frames pivoted to said

housing above the compartments, links con- -

nected to the upper end of each frame, a
plunger having pivotal connection with the
links, means for securing the housing sec-
tions to each other, reamer tools rotatably
mounted on the frames, and means for op-
erating the plunger. ' :

2. An under reamer comprising a hous-

ing, a frame pivoted at its lower end to the
housing, a plunger slidable in the housing,
link connections between the plunger: and
the frame, a reamer: tool mounted for rota-
tion on the frame, and means for operating
the plunger to move the reamer tool to cut-
ting position :and to withdraw the same
from said position said housing having an

opening to receive detritus cut by said 100

reamer tool. = :

3. An under- reamer comprising a hous-
ing, a pair of frames pivoted to the housing
at the lower ends, a plunger slidable in the

housing, a toggle joint - connecting the 108

plunger to the frames, and a rotary reamer
tool carried by each frame said housing hav-
ing an opening to receive detritus cut by
sald reamer tool. ‘ '

4. An under reamer comprising a hous-.

ing, a pair of frames pivoted to the housing,
a rotary reamer tool mounted on each
frame, a plunger slidable in the housing, a
toggle joint pivotally connecting the plung-
er to the frames on the end ‘opposite their
pivotal connections, and means for operat-
ing the plunger from a distance said hous-
ing having an opening to receive detritus

.cut by said reamer tool.
5. An-under reamer comprising a hons-.

ing, a pair of frames pivoted to the hous-
ing, a plunger slidable in the housing, means
connecting the plunger to the frames where-
by the frames are moved inwardly and out-
wardly when the plunger is shifted, a reamer
tool mounted on each frame, and a scraper
blade mounted on each frame adjacent to the

. : Teamer tool. '
just above referred to are disclosed more -

6. An under reamer having earth receiving

pockets, - an “-expansible and contractible .

reamer tools’ mounted above said pockets
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said reamer tools including movable cutting 1
elements.

7. An under reamer having earth receiv-
ing - pockets, expansible. and contractible
reamer tools mounted above said pockets, and
scrapers mounted above said pockets to move
with said reamer tools.

8.-An under reamer comprising a hous-
ing, frames pivoted to the housing at the
lower ends thereof, reamer tools mounted on

said frames, a plunoer, pivotal connections
‘between the plunger and' the frames, said

plunger having a gear rack, a pair of inde-
pendently movable ; gear operating racks, and
gearing connecting the operatmg gear-racks

-to the gear rack Wherebv the phlngeI may

be moved in-both directions to expand or re-
tract the reamer tools.

9. An under reamer comprising a housing,
frames pivoted at their lower ends to the

-housing, a scraper blade mounted on each

frame, a rotary reamer tool mounted on each
frame adjacent the scraper blade theveof, a
link connected to the upper end of each
frame, a plunger movable vertically in'the
housmg and provided with a cross bar piv-
otally connected to each link, and gear mech-
anism for moving the pluno'el

- 10. A well underreamer consisting ‘of a
frame, an underreaming tool pivotally car-
ried by the frame, means s for moving sald tool
laterally- of the frame, and-a dirt holding
chamber: located below the tool.

.11, An underreamer for wells consisting

of a frame, underreaming tools mounted

-thereon for rotation, means for moving the
-tools laterally of the frame, and a dirt hold-

ing chamber located below the tools.

12. A well underreaming tool consisting
of a frame, an undemeamlna tool rotatably
and expan51b1y mounted thereon, and a dirt
holding chamber located below the tool, the
whole bemo designed to be operated without

Jiguid circulation in the well to cause dirt

and rock to drop below -the tool when de-
tached thereby from the wall of the well.
13. Means for drilling deep wells consist-

ing of a frame, tools carried thereby for cut-

tmg against the wall of the well, and means
1ocated below the tools for receiving dirt de-
tached from the wall of the well, the whole
being constructed to be operated awalnst dry
mateual and without the aid of a c1rculatmor

Jiquid and a vertically reciprocable plunﬂel

operatively connected to said cutting tools to
angularly expand and retract said tools from

.a considerably remote point. :
14. In combination, a well casing, an un-
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ing head interlocked with the casing to pre-
clude relative movement between the two,
and combined underreamer and core barrel
well drilling ‘units coupled to said locking

head, and a detrltus collecting chamber in- ‘7

corp01 ated with the underreamer unit.

16. The combination of a well casing, a
housing supported therein and having a ro-
tatable end member, an underreamer well
drilling unit coupled to the end member in
pendent relation thereto, and a core barrel
drilling unit coupled to the underreamer
unit, the latter having a detritus collecting

chamber positioned to receive the detritus re-

moved by the underreamer.

17. The combination with a well casing,
of ‘a housing supported therein, motive
means in the housmg, a shaft rotated by the
motive means, and companion superposed un-
derreaming and core barrel drilling units
coupled to said shaft, the underreamer unit
incorporating a detritus collecting chamber.

18. The combination with a well casing,
of a motor driven unit interlocked with the

well casing to preclude relative movement of ¢

the two, an underreamer coupled to the mo-
tor driven unit to-be rotated thereby and en-
large the well bore below the plane of the
lower end of the well casing, and a core bar-
rel drilling unit coupled to the underreamer
for rotation with the same, the underreamer
incorporating a detritus receiving ‘chamber
disposed between it and the core barrel.

19. The combination with a well casing,
of a motor head unit having a housing inter- &
locked to the wall of the casing to preclude
relative movement of the two and a shaft
extending below the well casing, an under-
reamer coupled to said shaft and provided
with an air jet for supplying compressed
air to the well chamber below the well cas-
ing, an underreamer unit coupled to said
shaft and provided with an air jet for sup-
plying compressed air to the well chamber
below the well casing to support the well
bore against collapse, “and means for sealing
the well against the escape of said air.

In testimony whereof I hereby affix my

signature.
RICHARD P. SIMMONS.

derreamer well drilling unit, means for lock- -

ing the unit to the casing to prevent relative
movement between the two, means carried
by the underreamer for enlarging the well
bore, and a detritus collectlnfr chamber in-
corporated in the underreamer unit.

15. In combination, a well casing, a lock- -
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