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APPARATUS FOR DRILLING DEEP WELLS
_Armaxs Arutunoff, Bartlesville, Okla.
App}ication November 23, 1946, Serial No. 711,959 '
‘ (Cl, 255—4.8) )

8 Claims.

1

My invention relates to the drilling of deep oil
wells and has for its'main objective the provision
of 'a method which is superior to the existing
and well-known rotary and cable-tool methods.
~ For shallow depths, cable drilling with its free
falling bit action has some advantages over the
rotary method of drilling, but these advantages
disappear with increasing well depth so at great
depth rotary methods are used in spite ‘of the
fact that productive strata may be easily missed
and passed unnoticed due to masking of bore
walls by mud which must be employed to carry
out the cuttings.

The cable-tool method requ1res withdrawal of
bit and bailing of cuttings, whenever the bit has
advanced but a few feet.  The cable~-tool method
also requires the setting of sfrings of casing
where loose side wall material tends to sluff into
the bore hole. It should be noted that cementing
Off of sluffing formations as proposed hereinafter
éannot be employed when drilling with ordinary
cable tools because of the chattering action and
poundmg of the bit in subsequent drilling of the
cement, while with the rotating bit employed in
my device the cement may be readily drilled
without impairing the strength or soundness- of
casing.

When using the rotary method, sluffing forma-
tions are usually overcomeé by the use of heavy
circulating pumps at great cost which ecirculate
large volumes of mud or other reagents to in-
crease wall plastering properties of circulating
fluid.

‘The objects of my mventmn therefore are:

(g)-To provide a drilling unit suspended on a
cable together with an improved suspension
coupling whereby attachment of the drilling unit
to the cable automatically completes electrical
connections to the motor; said coupling also pro-
viding a swivel action so that any incidental ro-
tation of the unit will not result in tw1st1ng of
the cable on which the unit is suspended.. - -

(b) To reduce the number of electrical con-
ductors in the suspension cable to. an absolute
minimum (. e., a single conductor) by using, as
a driver in the suspended drilling unit, an in-
duction motor together with 2 capamtor located
‘inside the unit, the weight carrying wires of the
cable being grounded and acting asa return con-
ductor.

(¢) To provide a locklng device whereby the
drilling unit is locked against rotation and at the
same time is free to shde vertically w1th1n the
Well bore.

- (d) To provxde a cable operating through a
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stuffing box which will not.leak under high pres-
sure conditions encountered when drilling-in -
into some productive formations.

(e) To provide a practical form of apparatus
which will keep the surface being drilled clean
by local circulation of water in the bottom of
the well bore, and will segregate and accumulate
by sedimentation the cuttings in a container of
sufficient capacity to require g minimum number
of withdrawals for their disposal.

(f) To provide an apparatus which will pro-
duce.samples of all drilled strata in their proper
geological sequence and show the thickness of
the strata in easily inspectable, visual form,

(9) To provide a drilling method whereby a
well drilled by tools suspended on a cable can be
completed. to full depth without use of strings
of casing to prevent sluffing of the side walls and
whereby when sluffing formation is encountered
drilling is continued to a safe depth, after which
the well bore is underreamed and cemented, then
redrilled leaving a strong tube of cement where
the rotating bit penetrates the cement without
impairing the strength or soundness of - tube
which remains,

Wwith the above objects in view as well as
others which will appear as the description pro~
ceeds, my invention consists in the novel features
herein set forth, illustrated on the accompany-
ing drawings and more particularly pointed out
in the appended claims,

In.the accompanying drawings which form a
part of the specification and are to be read in
conjunction therewith and in which like refer-
ence numerals are employed to: mdlcate like parts
of the various views,

Fig. 1 is a side elevation of my drilling unit,

Figs. 2 and 3 are enlarged longitudinal cross
sections of the drilling unit showing, respec-
tively, the upper and lower portions thereof,

Fig. 4 is g sectional view taken along the line
44 of Fig, 3 in the direction of the arrows,

Fig, 5 is a sectional view taken along the line
55 of Fig. 2 in the direction of the arrows,

Pigs. 6 and 7 are longitudinal cross sections il-
lustrating two modifications of the antirotation

.collar for my drilling unit,

Fig. 8 is an end view of the modiﬁcation shown
in Fig. 6,

Fig, 9 is an end view of the modification shown
in Pig. 7,

Fig. 10 is a cross section of the underreamed
portion of a well after same has been cemented
and drilled,

Fig. 11 is a view showmg an underreamer,
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Fig. 12 is an enlarged cross section taken along
the line 12—I12 of Fig. 2 in the direction of the
arrows, and
Figs. 13 and 14 are longitudinal cross sections
of a modified form of drilling unit showing, re-
spectively, the upper and lower portions thereof.
Referring more particularly to Figs. 1, 2 and
3 of the drawings, the main casing of my drilling
unit is made up of five generally cylindrieal sec-
tions 20, 21, 22, 23 and 24 connected end to end
by the coupling members 25, 26, 27, 28 and 298.
A tube 31 which hereinafter will be referred to
as the torque tube is rigidly secured to .the upper
section of the casing, the whole elongated as-
sembly thus formed being suspended from the
derrick pulley 32 by means of a cable 33.-
Mechanical connection between the caole and
the upper end of the torque tube is -effected
through a swivel coupling 34 in order {0 permit
relative rotation hetween the. two. This cou-
- pling has a flanged support 35 attached to the
cable by a gripping member 38, and, cooperating
therewith, a complementary collar or hanger 37
attached to the torque tube by the member 38;

the hanger is rotatable with respect to the flanged

support, bearings 39 being interposed . between the
two to carry the weight of the drilling unit. A
packing gland 41 brevents intrusion of water into
the upper end of the torque tube.

As shown in enlarged cross section in Fig. 12,
the aforementiohed cable is made up of a group
of central conductors 42 surrounded by insula-
tion 43 and by two rows of high tensile strength

(<21

armor wires 44 and 45 laid on in opposite direc-

tions to give the -cable a nonspinning or non-
twisting characteristic. - The interstices between
the latter wires-are filled with a rubber-like ma-
terial of-such physical properties that it welds
itself to the steel wires and form a voidless cable
of smooth exterior. It should be noted that while
the material fills the exterior grooves between ad-
jacent wires of the outer layer it does not wholly
cover the wires, but instead leaves the érest or
outermost portion of each exposed.

At the swivel coupling the armor wires of the
cable make eléctrical connection with member
36 and serve to ground the -drilling unit, while
the central conductors 42 terminate .in an in-
sulated contact 46 against which the spring
loaded contact 47 is urged. From contact 47 a
conductor 48 extends downwardly through the
tube 31 and connects to one side of drill motor
52, the other side of the motor being grounded
(i. e., connected electricdlly with the armor wires
of the cable) by means of a conductor 50 which
- is connected to a terminal 51 on the upper section
of the drill casing.

The motor 52 is single phase, and preferably
of the induction type, having in addition to its
main winding a starting winding having capacitor
43 in series therewith for starting purposes. Its
field structure 53 is fixedly positioned in the shell
21 and its armature 54 is mounted on the shaft
55, the upper end of the shaft in turn being
supported in a bearing 56 while the lower end is
journaled in member 26.  The weight of the
armature is supported by a collar 57 splined to
the lower extremity of the motor shaft which
collar rests on member 28 and also serves to
couple the motor shaft to an extension shaft 58.

Around the lower -end of the motor shaft is a
stationary sleeve 60 dependmg from the -member
26. Together, this sleeve and the outer shell 22
form an annular chamber in which a piston 61
is free to move. A heavy coiled spring 62 urges
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the piston upwardly while standing on the pistont
is a column of oil which extends up through
aperture 62 on through the motor chamber and
capacitator chamber and finally up through tube
31 filling the interior of the swivel coupling clear
to the packing gland 41. This body of oil sur-
rounds and encloses all electrical parts effectively
insulating same. Packing gland 64 prevents leak-
age of the oil in the motor chamber downwardly
around shaft 55 and glands 85 prevent similar
leakage around the piston.

The chamber immediately below the piston
communicates. with the space outside the unit
through breather holes 68 whereby the piston
may adjust its position automatically to accom-
modate the changes in the volume of the oil which
occur a§ the result of heating and the like. It
also should be noted that oil is under higher
pressure than is the fluid outside of the drilling
unit and accordingly that any clearance de-
veloped at the gland 41 due. to swivel action of
the coupling 24 w111 merely . allow leakage of a
little oil without permlttmg intrusion of outside
fluid into the upper end of the unit.

Below the breathing arrangement just men-
tioned is a sleeve. 61 which, with the shell 23,
forms an elongated annular chamber 68 herein-
after to be referred to as the cutting accumulator.
At the -bottom of the accumulator is a dump
valve 69. Intake apertures 10 are provided at the
top of the accumulator and corresponding aper-
tures 11 are provided in the upper end of sleeve
67, the two sets of apertures being separated from
one another by a deflector skirt or baffle 72 ex-
tending down bétweén them from member 28.

Tn the outer shell i§ a longitudinal trough-like
depression 13 which ‘accommodates an easily re-
movable and replaceable transparent sampling
tube 14. The open upper end of the tube extends
into chamber 68 through an.aperture in the top
lower end is held in place’by a'lip 15 Whlch forms
a socket at the bottom of the depressed section.

The bit 11 of the drilling unit is supported in
suitable bearings 18 and 19 carried by the bottom
piece 86, the latter part being secured to the
casing section 24. . Rigidly affixed to the upper
end of the bottom piece is an internally toothed
ring gear 81 and thisin turn is surmounted by a
stationary cap 82, the whole assembly being of
such diameter as to leave an annular passageway
23 around it. The passageway communicates
with a small annular chamber 84 encircling the
drill stem 85 and, as will be described presently,
a centrifugal 'itnpeller 86 drives drilling fluid
through the passageway 1nto the chamber where~
from it escapes through the hollow drill stem
and apertures 87.

The ring gear 81 forms part of an epicyclic gear
train which includes a’ dnvmg pinion 80 and also
a plurality of planet gears 91 ‘meshing both with
the pinion and the ring gear. These planet gears
are carried by & yoke provided at the upper end
of the drill stem, and thus they turn the bit 11
as they move in their orbit around the driving
pinion. The dnvmg plmon and the impeller 86
are rotated by a shaft 92 Journaled in the cap 82,
this shaft being coupled to shaft 58 by a collar
93. The bearings and the gears are sealed off
by packing glands as shown to prevent injury
thereof by the drilling" ﬁuld

Returning ‘now to the torque tube 31, atten-
tion is directed to the collar-like member mount-
ed thereon. This member which hereinaiter will
be referred to as the antirotation collar com-~




2,609,182

5

brises a hub 94 splined to the torque tube so that

it is movable axially thereof without being rotat-

able relative to the tube. Rollers 85 are arranged
on the hub to cooperate with the longitudinal ribs
of splines 96 as shown. - Around the periphery
of the hub is a series of circumferentially spaced
vertical slots, and in each slot there is a flap or
dog 91 having vertically aligned trunnions 98
about which the dog can pivot to a certain extent
within its associated slot. A pair of rings 99
carrying actuating pins 100, one for each dog, are
arranged on the top and bottom of the hub.
These rings are rotatable with respect to the hub
and are connected to each other by four springs
101, the normal shape of which is shown by dot-
ted lines in Fig. 2. :

Having thus described the structure of my deep
well drilling unit, I now will explain the man-
ner in which it is used. The surface equipment
associated with the unit is not shown but it will
be undertsood that it includes in addition to the
cable hoist, a suitable source of electrical cur-
rent for the drill motor. Conveniently this may
be a generator driven by the same prime mover
used to operate the hoist, one output terminal of
the generator being connected through a suit-
able switch to the central conductors 42 of the
cable and the other output terminal being con-
nected to the cable’s armor wires 44 and &5 as a
ground.

Construction of the well begins with the drilling
of a large hole to accommodate the so-called
surface pipe. The drilling unit, suspended from
cable 33, is lowered through the derrick floor and
allowed to advance slowly with its motor running.
Through shaft 55 and its extensions 58 and 82
the motor drives pinion 90 causing planet gears
81 to move in an orbit around the interior of the
stationary ring gear 81. This movement of the
planet gears turns the bit 717 at a fraction of
the motor speed, and thus is drilling effected as
the unit advances. Cuttings are carried away
from the bit in 2. manner presently to be described.

The rotation of the motor and drill in one di-
rection naturally produces a torque tending to
rotate the casing in the opposite direction, and
therefore suitable surface clamps (not shown)
are provided to hold the unit against rotation as
it descends through the derrick floor. When the
full length of the unit is in the bore hole the
clamps are removed. Now however springs 181
of the antirotation collar engage the intérior wall
of the hole and resist rotation of their associated
rings 99; consequently, as the backward thrust
of the motor urges the casing, the torque tube
31 and the hub 94 in a counterclockwise direc-
tion (see Fig. 5) the pins 100, by remaining sta-
tionary pivot the flaps or dogs 97 outwardly caus-
ing all of them to engage and bite into the side
wall of the bore hole simultaneously. After the
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initial engagement of the dogs, the backward -

thrust of the motor increases the grip of the
collar on the side wall, and this effectively pre-
vents further rotation of the drilling unit. Al~
though it is locked against rotation, the torque
tube 31 still is free to move axially relative to the
hub 84 and hence the drilling unit will advance
due fo its own weight as the cable is payed out.
Rollers 85 facilitate: such advance by minimiz-
ing the friction set up between the torque tube
and the hub 94 ags 3 result of the backward thrust
of the motor.

When drilling has progressed to the point where
the shoulder of coupling member 38 rests on hub

94 g material reduction in the force exerted on
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the bit due to the weight of the unit takes place.
The bit 71 therefore does not get a proper “bite”
and there is an immediate drop in the motor’s
consumption of electrical power. 'This is reg-
istered at the surface by suitable electrical in-
struments connected to the motor circuit and the
operator witnessing the change may now open the
circuit to halt the motor; doing this eliminates
the torque which theretofore maintained the dogs
97 engaged with the side wall and, thus released,
the antirotation collar at once slides down the
length of the torque tube because of its weight.

JIf the motor now is restarted the backward
thrust will cause the dogs 97 to lock the anti-
rotation collar firmly to the side wall in its new
location, after which by paying out the cable
the operator may cause drilling to take place as
before. When the unit has again advanced a dis-
tance equal to the length of the torque tube 21,
the motor may be halted momentarily to release
and drop the antirotation collar; it then will be
restarted to reset the collar and carry the drill-
ing further, this cycle being repeated as often
as necessary.

It should be noted that there automatically is
a sharp reduction in the backward thrust on the
casing of the unit and the antirotation collar,
when as a result of the member 38 reaching hub
94 the bit 17T fails to get a proper bite. This
reduction in the backward thrust reduces the
grip of the dogs 87 on the side wall so that even
if the motor is not halted the device will creep
forward due to its own weight and continue drill-
ing af somewhat slower speed than otherwise.
The creeping characteristic may be improved if
desired by providing wheels 102 on the dogs as
shown in Figs. 6 and 8 or by providing each dog
with a caterpillar tread or chain 103 mounted on
suitable sprockets or wheels 104 as shown in
Figs. 7 and 9.

As the drilling unit advances it naturally is
necessary to carry the cuitings away from the bit
and this is accomplished at the start of the drill-
ing operation simply by inserting a hose into the
bore hole beside the unit to flush the cuttings out
of the hole as the unit descends throush the
derrick floor. When the full length of the drill-
ing unit is in the hole the hose is removed and
thereafter it is necessary only to keep suficient
fluid in the hole to insure that the unit is entirely
submerged.

With the unit submerged the rotating impeller
88 draws the fluid into the casing through intake
apertures 70, thence through apertures 71 and
duct 76, and expels same by driving it through
the annular passage 83, chamber 84, the hollow
drill stem and apertures §1. The fluid thus ex-
pelled carries the cuttings from the bit upwardly
around the outside of the casing and they sub-
sequently are drawn into the cutting accumulator
68 through the intake apertures 70. Instead of
passing out of the accumulator through apertures
11, however, the cuttings are deflected downward-
ly at high velocity by the skirt or bafie 72 and
due to their higher specific gravity they continue
downwardly and settle to the bottom. Part of
the cuttings will, of course, enter the mouth of
the transparent tube 74 so that, as drilling pro-
gresses through different strata, specimens of
the strata will be built up in the tube in proper
geological sequence and in proper relative thick-
ness. :

When the accumulator is full of cuttings the
unit is lifted out of the hole and emptied. In




2,609,182

7

doing this it is convenient to insert a water hose
securely in. one of the intake apertures 10 as
same appears -at the surface and then continue
raising the unit with the hose thus secured there-
to. When the entire unit is out of the ground it
is displaced to one side of the hole; dump valve
59 is opened and water introduced into the upper
end of the accumulator and through the hose
previcusly inserted flushes out the cuttings. The
dump valve then is reclosed, the water hose un-~
hogked, the unit lowered back into the bore hole
and the drilling.cycle resumed.

With a drilling unit 150 feet in length operat-
{ng from & 186 foot derrick it is necessary to lift
the unit from the hole to remove the cuttings in
this fashion on the average of about once for
each 80 foos advance in drilling. This withdrawal
of the unit from the hole also offers an oppor-
tunity for inspecting the bit at proper intervals
and resharpening or replacing it if necessary.
At the same time the operator may examine the
samples which have been collected in the trans-
parent tube 7% to determine the character of
the formation drilled. The tube is removed and
emptied by raising it slightly, swinging its lower
end away from the casing and then lowering it
to withdraw the upper end.

It will be convenieni at this point to refer to
Wigs, 13 and 14 which illustrate a drilling unit of

modified construction wherein the cutting ac- -

cumulator is above, rather than below, the motor
and its associated equipment. The lower section
of the drilling unit is identical to that shown in
Fig. 3 and need hot again be described. Im-

mediately above this section and centrally dis- <

posed within the exterior casing {20 is an auxil-
iary housing of reduced diameter, made up of
cylindrical] sections 121, 122 and 123 fastened end
to end by coupling members (24 and 126, This
housing is supported and covered at its ends by
coupling members 126 and 127, the member 126
containing ducts $28 which extend from the in-
terior of sleeve 129 to the annular passageway
i20 surrounding the auxiliary housing and the
member {27 containing ducts 13{ which extend
from the annular passageway to chamber 132.

Within the auxiliary housing is a motor having
a field structure 133 and an armature i34, to-
gether with an-associated capacitator {35 and a
breather piston #38. 'The essential arrangement
and function of these parts is like that in the
drilling unit previously described, it being under-
stood, however, that the column of insulating
oil standing on the piston extends only up
through the motor chamber and capacitator
chamber, the upper end of the latter chamber
being sealed by a stufing box {371 around the
electrical conductors {&3. The motor shaft 140
is coupled directly to the shaft {4 of the driving
pinion 142 and the impeller {43 by means of a
collar 144 splined to both shafts.

Above thz auxiliary housing is an annular
chamber {45 which forms the cutting accumu-
lator. This has a dump valve 146 at its bottom
and intake apertures 147 at the top. An annular
bafle {48 separates the latter apertures from
apertures 149 in the top of sleeve 128 while a re-
movable transparent sampling tube {50 is pro-
vided in one wall of the casing as shown. The
torque tube (5§ rigidly secured to the top of the
cuttings accumulator, and the antirotation collar
mounted thereon, are like those previously de-
seribed, the same being true of the swivel cou-
pling {52,

In general, the mode of operation of the modi-
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fied drilling unit is like that of the unit shown
in Figs. 2 and 3. When the motor is operated
to drive the bit, impeller {43 draws fluid from
the hore hole into the casing through intake
apertures 147 thence through apertures 149 and
duets ‘158, 128-and 130 into chamber 132 and ex-
pels same by driving it through the annular
passageway 154, chamber 155, the hollow drill
stem and -apertures 156. The cuttings, carried
upwardly from the bit by the fluid thus ex-
pelled, enter the accumulator through apertures
147 - and there are collected. The antirotation
coliar functions to hold the casing against rota-
tion, as previously desbribed, while at the same
time permitting the unit to advance axially of the
hole as drilling progresses. If any rotation of the
drilling unit does occur this will have no fend-
ency to twist the cable 157 in view of the swivel
action permitted by coupling #52.

It will be observed that the modified construc-
tion uses a motor of smaller diameter than that
illustrated in Figs. 2 and 3, bub it brings the
motor close to the bit, thus avoiding a long drive
shaft.

If in the course of using either type of drilling
unit a loose and sluffing formation is encoun-
tered, the level of cuttings in the transparent
sampling tube will be higher than usual for a
given footage drilled, so that the driller will dis-
cover the situation when the unit is withdrawn
from the hole and the tube is examined. The
condition may be verified by inserting an empty
sampling tube, lowering the unit until the drill
is near the bottom but not in contact therewith,
running the motor for an interval and then
withdrawing the unit. When operated in this
fashion no drilling takes place but the unif
serves as a bailer, collecting loose matter in the
accumulator as the fluid is circulated there-
through. The presence of undrilled formation
in the accumulator and sampling tube when the
unit returns to the surface thus will confirm the
original indication and the bailing operation then
may be repeated one or moere times until the
accumulator ceases to collect loose matter. This,
of course, will oceur when the sluffing has stopped
and a cavity has been formed in which the rock
matter has assumed its natural angle of repose.

A centrifugally expanding underreamer (Fig.
11) next is fitted to the unit in place of the hit
and lowered into the bore hole to the level of the
cavity. The underreamer has blades 105 which
remain folded during the descent and which are
extended by centrifugal force (see dotted lines)
when subseguently rotated by the motor. After
the regions immediately above and helow the
cavity have been enlarged by the underreamer
the motor is stopped, the unit is withdrawn from
the hole and a quick-setting cement compound
is introduced into the cavity. The cement is
permitted to set, then the drilling unit with the
bit once more attached thereto is lowered info
the Tole and the drilling proceeds as before,
thereby to extend the hole through the cement
and on down deeper into the formation. The re-
sultant hole (10§) is illustrated in Fig. 10 where
the humeral 107 indicates a strata at which sluff-
ing has occurred, 108 represents the solid for-
mation above and below that strata and 109 is
the cement. Tt will be noted that the solid for-
mation has been underreamed at 110 so that the
cement which seals off the sluffing strata is firm-
ly anchored thereto.

In the event that gas formation is encountered,
the well is loaded with water to overcome gas
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pressure and drlllmg is continued. Should the
gas préssure be excessive, however, so that the
gas breaks through' the water <the bore hole is
underreamed- in the same ‘fashion as deseribed
above except that the well meanwhile is shut in,
a so-called lubricator or stuffing box:being ar-
ranged around the cable by which the unit is
suspended; ‘after: underreaming the high pressure
zone is cemented and redrilled, leaving around
the hole a tube of cement capable of withstand-
ing the pressure. It will be nofed that the
smooth . exterior of the cable facilitates the use
of a stuffing box around same to seal the well.

My drilling unit may be run in or out of the
bore hole in about one-tenth of the time required
to assemble and. lower, or disassemble and raise,
the sections of the drill pipe used in the rotary
method of drilling.- This saving in time is an
exceedingly important factor because in practic-
ing the rotary. method the bit must be changed
on the. average ‘of about once for each 60 foot
advance in drilling (in other words, about as
often as my unit must be raised to empty the
cuttings accumulator). The total time saved by
use of my device in drilling a deep well thus will
be very great, .

Bringing cuttings out of the hole by my meth-
od also is more economical and efficient than
doing this by thé mud circulation method em-
ployed in rotary drilling, as will be apparent from
the fact that such mud circulation requires con-
tinuous operation of pumps of several hundred
horsepower.

A further. advantage over the rotary method
resides in.the fact that with my unit there is
no danger of productive strata being passed un-
noticéd due to masking of the side walls by the
circulating mud, as fréquently happens in rotary
drilling, . Neither is there any danger of passing
a slufling formation. (In the rotary method, on
the other hand, sluffing formations usually are

nof recognized until the drill has advanced a
considerable "distance past the formation and
the drill stenmi has twisted off; to remedy the
situation  when this happéns ordinarily requires
setting -a string of casing, with a conseqguent re-
duction in the size of the bore hole.)

Obviously, - bits, undeérreamers, and core bar-
rels of any type commonly employed in rotary
drilling can be used effectively on my unit.

From the foregoing it will be seen that this
invention is one well adapted to attain all of the
ends and objects hereinbefore set forth together
with other advantages which are obvious and
which are inherent to the apparatus. .

It will be understood that certain features and
subcombinations are of utility and may be em-
ployed without reference to other features and
subcombinations. This is contemplated by and
is within the scope of the claims.

Inasmuch as Imany possible embodiments of
the ‘invention may be made without departing
from the scopé thereof it is to be understood that
all matter heréin set forth or shown in:the ac-
companying - drawings is to be interpreted. as
illustrative and not in a limiting sense.

Having thus described my invention, I claim:

1. A bailer for wells comprising a pump having
an intake line and an exhaust line, meansg for
lowering the pump into the well so that its intake
is submerged, a motor operated to drive the pump,
said intake line including a vertically elongated
reservoir through the upper portion of which fluid
flows under the influence of the pump, the fluid
in the lower portion of said reservoir being rela-
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tively undisturbed whereby collection of sediment
therein 'is encouraged, a. vertical trough-like
groove in a wall of the reservoir, a transparent
elongated tube open at the top and closed at
the bottom removably positioned outside the
reservoir in the groove, and an aperture at the
top of the groove through which the upper end
of the tube extends into the reservoir to receive
part of the sediment deposited.

2. In ‘“well: drilling - equipment of the type
wherein a bit is driven by a motor that is low-
ered into the bore behind the bit and follows
the bit downwardly as drilling progresses, said
equipment being at least partially submerged,
during drilling, in liquid introduced into the bore
hole; the improvement which comprises a verti-
cally -elongated vessel connected to the motor
housing and lowered into the bore hole therewith,
said vessel having at its top an inlet port sub-
merged below the surface of said liquid, said ves-
sel also having at its top an outlet port, a pump
driven by said motor, a duct connecting the intake
side of the pump to said outlet, a duct exteriding
from-the discharge side of the pump and opening
into the bore hole adjacent the bit, whereby lig-
uid drawn into said vessel through said inlet port
is discharged at the bit and recirculated upwardly
in the bore hole back to said inlet port, and bafie
means in said vessel between said inlet port and
said outlet port for deflecting the liquid stream
to induce the deposit in said vessel by sedimenta-
tion of detritus carried by said stream. .

3. In well drilling equipment cf the" type
wherein a bit is driven by a motor that is low-
ered into the bore 'hole behind the bit and follows
the bit downwardly as drilling progresses, said
equipment being at least - partially submerged,
during drilling, in liquid introduced into the hore
hole; the improvement which comprises a verti-
cally elongated vessel connected to the motor
housing and lowered into the bore hole therewith,
said vessel having at its top an inlet port sub-
merged below the surface of said liquid, said ves-
sel also having at its top an outlet port, a pump
driven by said motor, & duct connecting the intake
side of the pump to said ocutlet, a duct extending
from the discharge side of the pump and open-~
ing into the bore hole adjacent the bif, whereby
liquid drawn into said vessel through said inlet
port is ‘discharged at the bit and recirculatéd
upwardly in the bere hole back to said inlet port,
and means for sharply altering the course of the
liquid stream flowing from said inlet port to said
outlet port thereby to discharge from the stream
detritus carried thereby and cause same to collect
by sedimentation in said vessel.

4. In well drilling equipment of the type
wherein the bit is driven by a motor that is low-"
ered into the bore hole behing the bit and follows
the bit downwardly -as drilling progresses, said
equipment being at least partially submerged,
during drilling, in liquid introduced into the bore
hole; the improvement which comprises 2 verti-
cally “elongated vessel connected to the motor
housing and lowered into the bore hole therew1th
said vessel having' at its fop-an inlet port sub-
merged below the surface of said liquid, said ves-
sel also having at its top an outlet port, a pump
driven by said motor, a duct connecting the intake
side of the pump to said outlet port, and a duct
extending from the discharge side of the pump
and opening into the bore hole adjacent the bit,
whereby liquid drawn into said vessel through
the inlet port and across the upper portion of
the vessel is discharged at the bit and recirculated
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upwardly in the bore hole back to said. inlet port,
the liquid in the lower portion of said vessel being
relatively undisturbed whereby collection of sedi-
ment therein is encouraged.

5. In well drilling equipment of the type where-
in the bit is driven by a motor that is lowered into
the bore hole behind the bit and follows the bit
downwardly as drilling progresses, said equipmeni
being at least partially submerged, during drill-
ing, liquid introduced into the bore hole; the im-
provement which comprises a vertically elongated
vessel connected to the motor housing and low-
ered into the bore hole therewith, said vessel
having in its top an inlet port submerged below

" the surface of said liquid, said vessel also having
in its top an outlet port; a pump driven by said
motor, a duct connecting the intake side of the
pump to said outlet port, a duct extending from
the discharge side of the pump and opening
into the bore hole adjacent the bit, whereby liquid
drawn into said vessel through the inlet port and
across the top thereof is discharged at the bit
and recirculated upwardly in the bore hole back
to said inlet port, the liquid in the lower portion
of said vessel being relatively undisturbed where-
by collection of sediment therein is encouraged,
a vertical trough-like groove in the wall of the
vessel, an elongated tube open at the top and
-closed at the bottom positioned outside the vessel

in the groove, and an aperture in the top of 3

the groove through which the upper end of the
tube extends into the vessel to receive part of said
sediment.

6. In well drilling equipment of the type where-
in the bit is driven by a motor that is lowered
into the bore hole behind the bit and follows
the bit downwardly as drilling progresses, said
equipment being at least partially submerged,
during drilling, in liquid introduced into the bore
hole; the improvement which comprises a verti-
cally elongated vessel connected to the motor
housing and lowered into the bore hole there-
with, said vessel having at its top an inlet port
submerged helow the surface of said liquid, said
vessel also having at its top an outlet port, a
pump driven by said motor, a duct connecting
the intake side of the pump to said ocutlet port,
a duct extending from the discharge side of the
pump and opening into the bore hole adjacent
the bit, whereby liquid drawn into the vessel
through said inlet port is discharged at the bit
and recirculated upwardly in the bore hole back
to said inlet port, means for sharply altering the
course of the liquid stream flowing from said

inlet port to said outlet port thereby the dis- 5

charge from the stream detritus carried thereby
and cause same to collect by sedimentation in said
vessel, and a vertically elongated tube open at the
top and closed at the bottom detachably mounted
on the vessel with the upper end of the tube in-
side the vessel to receive part of the detritus dis-
charged from said stream.

7. In well drilling equipment of the type where-
in a bit is driven by a motor that is lowered
into the bore hole behind the bit and follows
the bit downwardly as drilling progresses, said
equipment being at least partially submerged,
during drilling, in fluid introduced into the bore

(2]
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hole; the improvement which comprises a verti-
cally elongated container connected to the motor
housing and lowered into the bore hole with the
motor, said container having near its top an in-
take port and an exhaust port, means including
a pump driven by the motor for inducing a local
circulation of the fluid at the bottom of the bore
hole such that the fluid travels upwardly from
the bit into the intake port of the container and
thence out of the exhaust port, the fluid in the
lower portion of the container remaining sub-
stantially undisturbed, a baffle device in the con-
tainer in the path of the fluid flowing between
said two ports for deflecting the fluid to induce
sedimentation of the cultings of the bit which are
carried by the fluid, whereby said cutiings are col-
lected in the container, a vertical trough-like
groove in a wall of the container, an elongated
tube open at the top and closed at the boftom
removably positioned outside said container in
the groove, and an aperture at the top of the
groove through which the upper end of the tube
extends into the container to receive part of the
cuttings deposited. )

8. Equipment as claimed in claim 7 wherein
zaid tube is transparent.
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