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UNITED STATES PATENT OFFICE 
2,271,005 

SUBTEERRANEAN BORNG 
John J. Grebe, Midland, Mich., assignor to The 
Dow Chemical Company, Midland, Mich., a cor 
poration of Michigan 

Application January 23, 1939, Serial No. 252,295 
17 Claims. (C. 255-18) 

This invention relates to subterranean boring 
and particularly to a method and apparatus for 
drilling or forming vertical, lateral, tangential or 
horizontal well holes, and/or drilling or form 
ing Subterranean channels or passages radiating 
laterally, tangentially or horizontally from a 
Well hole or bore. 
This invention has for one of its specific ap 

plications the use of a stream of acid supplied 
under pressure in the form of a jet, together with 
mechanical drilling tools which may be used in 
conjunction therewith, to drill or form well holes 
or Subterranean passages in earth formations 
with the aid of a flexible conduit, and especially 
to form such lholes or passages through acid 
soluble or partly acid-soluble formations. How 
ever, the present invention will nevertheless be 
applicable when drilling into and through non 
acid-Soluble formations, in which case the me 
chanical drilling tools or bits will be employed, 
without the aid of the acid stream or jet. The 
practice of this invention is not limited to the 
forming or drilling of any specific type well hole 
or channels therein, a and it may be practiced in 
forming oil, gas, water or any other kind of a well 
hole. 
By the practice of the method and apparatus 

comprising this invention not only may vertical 
or substantially vertical well holes be drilled, but 
horizontal or tangential holes or passages also 
may be drilled tangentially therefrom radiating 
from the well hole at any desired depth and 
angle. 
While this invention may be practiced to form 

or drill any type of well hole or passage therein, 
one of its main applications will be in drilling a 
single vertical, or series of single vertical oil 
wells to a depth adjacent to or penetrating the 
pay or oil-bearing formation. These single wells 
may be vertical, or substantially vertical, and 
may be drilled as convenience dictates. There 
after within a single well horizontal, tangential 
or lateral passages may be drilled into the pay 
formation from the well bore. In this manner 
a single well with the plurality of lateral or 
tangential passages drilled therefrom will serve to 
give far greater production than that of a con 
ventionally drilled well, as the various lateral or 
tangential passages are drilled from the well 
bore and radiate therefrom to penetrate the pay 
formation. Substantially all portions of these 
passages will pass through the pay formation 
and serve to collect the oil as it drains there 
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into the well bore from which it can be recovered 
by known methods. w 
The object of this invention is to provide an 

improved method and apparatus for Subter 
ranean boring (drilling oil, gas, water, brine, and 
other types of well holes). 
Another object is to provide a method and 

apparatus for drilling horizontal and/or vertical 
passages in oil, gas, brine, and other type well 
holes. 
Another object is to provide a method and ap 

paratus for drilling a well hole and/or a pas 
sage radiating therefrom with a flexible conduit. 
Another object is to provide a method and ap 

paratus for drilling a well hole with a flexible 
conduit and a nozzle capable of floating, or of 
being made to float, in either vertical, lateral, tan 
gential or horizontal portions of a Well hole. 
Another object is to provide a method and ap 

paratus for drilling a well hole or a passage radi 
ating therefrom with a flexible conduit capable of 
making progress into the hole or passage under 
the controlled application of pressure to the con 
duit. 
Another object is to provide a method and ap 

paratus for drilling a well hole or a passage 
radiating therefrom with a flexible conduit capa 
ble of expanding and/or contracting. 
Another object is to provide a method and 

apparatus for drilling a well hole Or a paSSage 
radiating therefrom with a flexible conduit capa 
ble of being caused to move into the hole or pas 
sage upon the elongation of the conduit as caused 
by the application of pressure thereto. 
Another object is to provide a method and 

... apparatus for drilling a Well hole or a paSSage 
radiating therefrom with a flexible conduit capa 
ble of moving into the hole or passage upon the 
elongation of the conduit as caused by the re 
duction of pressure on the interior thereof. 
Another object is to provide a method and ap 

paratus for drilling a well hole Or a passage radi 
ating therefrom with a flexible conduit provided 
with anchors, and capable of being made to move 
into the hole or passage by the controlled set 
ting and releasing of the anchors. 
Another object is to provide a method and 

apparatus for drilling a Well hole or a passage 
radiating therefrom with a flexible conduit capa 
ble of controlled intermittent anchorage in said 
hole or passage and capable of moving into 
said hole or passage by the controlled application 
of pressure to the conduit. 
Another object is to provide a method and 

into, and will further serve to conduct the oil 55 apparatus for drilling a well hole or a passage 



2 
radiating therefron with a flexible conduit and a 
stream of acid. 
Another object is to provide a method and ap 

paratus for drilling a well hole or a passage radi 
ating therefron with a flexible conduit capable of 
being made to move into the hole or passage and 
with the aid of a nozzle. 
Another object is to provide a method and 

apparatus for drilling a well hole or a passage 
radiating therefron with a nozzle carried by a 
flexible conduit capable of moving into the hole 
or passage, and for controlling the direction 
of the nozzle. 
Another object is to provide a method and ap 

paratus for drilling a well hole or a passage radi 
ating therefrom with a nozzle carried by a flexi 
ble conduit capable of making progress into the 
hole or passage, and further to control the di 
rection of the nozzle and the forming of the hole 
or passage by controlled fluid loading of the 
nozzle. 
Another object is to provide a method an 

apparatus for drilling a well hole or a passage 
radiating therefrom with a flexible conduit capa 
ble of progressing within the hole or passage and 
a mechanical drilling tool carried by the conduit. 
Another object is to provide a method and ap 

paratus for drilling a well hole or a passage 
radiating therefron with a mechanical drilling 
tool carried by a flexible conduit capable of mak 
ing progress within the hole or passage, and 
further to control the direction of the tool and 
of the hole or passage by controlled fluid loading 
of the too. 

Still other objects and advantages of this in 
vention will be appreciated upon consideration of 
the following specification and the accompany 
ing drawings, which constitute a part of said 
specification, and wherein: 

Fig. 1 is a vertical cross-sectional view of an 
earth formation containing an oil bearing stratum 
and illustrates, in part, this present invention. 

Fig. 2 is a diagrammatic plan view illustrat 
ing a substantially vertical drilled Well and a 
plurality of horizontally, laterally or tangentially 
disposed passages drilled therefrom at points be 
low the surface and into the pay formation. 

Fig. 3 is a vertical cross-sectional view of a 
well hole showing the pay formation thereof, and 
illustrates the flexible drilling conduit partly in 
the well hole and extending therefrom into the 
passage formed in the pay formation. 

Fig. 4 is a vertical cross-sectional view of a 
well hole showing the pay formation thereof, and 
the flexible drilling conduit in the well hole, and 
further illustrates a whipstock or guide for lat 
erally directing the flexible drilling conduit into 
the pay formation. 

Fig. 5 is the same as Fig. 4 except that it ill 
lustrates the channel or passage formed into the 
pay formation, and shows the initial progress 
made thereinto by the nozzle or cutting tool and 
the flexible drilling Conduit. 

Fig. 6 illustrates partly in longitudinal CrOSS 
section a preferred embodiment of a flexible 
drilling conduit which is so constructed as to 
elongate upon application of pressure to the in 
terior thereof. 

Fig. 7 illustrates partly in longitudinal cross 
section an enlarged detail portion of the Conduit 
illustrated in Fig. 6 showing it in an elongated 
state. -- 

Fig. 8 illustrates partly in longitudinal cross 
section the detail construction of a flexible drill 
ing conduit which is so constructed as to elongate 
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Upon the decrease of pressure on the interior 
thereof. 

Fig. 9 is a side view partly in longitudinal cross 
Section of one embodiment of a packer or anchor 
employed in this invention. 

Fig. 10 is a transverse cross-sectional view of 
Fig. 9 taken on line 0-0 thereof. 

Fig. 11 is a side view partly in longitudinal 
cross-section of one embodiment of a cutting tool 
which in this instance consists of a nozzle. 

Fig. 12 is a transverse cross-sectional view of 
Fig. 11 taken on line 2-2 thereof. 

Fig. 13 is an enlarged detail illustration of one 
mode of connecting the well casing and the flexi 
ble conduit at the surface. 

Fig. 14 is a longitudinal cross-sectional view 
of a portion of a modified type of nozzle. 

Fig. 15 is a modified cutting tool, and illustrates 
partly in longitudinal cross-section a fluid driven 
rotary type drilling tool or bit. 
With reference now to Fig. 1, wherein there is 

illustrated in vertical cross-section a well hole or 
bore W which is drilled in any suitable manner 
from the Surface to the oil-bearing or pay forma 
tion F, it will be seen that radiating from the 
botton of this well there are a plurality of chan 
nels or passages A, B, and D which may be 
drilled into the formation in a tangential, lateral 
or horizontal manner at any angle to the well 
bore, and which penetrate into the pay formation 
to drain it of oil so it can flow into the well. 
Fig. 2 is a diagrammatic plan view of the well 
hole shown in Fig. 1, and here illustrates the 
Well hole W, and a plurality of lateral passages 
or channels A, B, C, D and E which are drilled 
or formed horizontally, laterally or tangentially 
from the well bore W and into the pay formation 
to drain it of oil at the points A to E', and at all 
points in the pay formation traversed by these 
Several channels or passages. 
Thus, it may be seen that by the practice of 

this invention great economy is effected, for in 
stead of drilling a plurality of independent wells 
to each of the points A' to E' to drain them of 
oil, it is possible by this invention to drill but a 
single well hole W from the surface. Then from 
a point adjacent the pay formation the laterals 
A to E may be drilled or formed not only to the 
points A to E' to get the potential production at 
those points, but also the production of all parts 
of the stratum that the several channels traverse. 
With reference now to Fig. 3 wherein there is 

illustrated in vertical Cross-section a well hole, 
the pay formation F thereof, and the conven 
tional casing pipe P, there is shown disposed in 
the bore of the well a hollow flexible drilling con 
duit which is suspended from the surface and 
is composed of the several sections Oa, which 
may be of any convenient length and joined by 
suitable couplings ff. The hollow flexible drill 
ing conduit ?o is illustrated as extending into a 
lateral passage or channel A within the pay 
formation, which passage has been formed by 
the drilling member 2, which may be a nozzle 
adapted to eject a stream of acid or other fluid 
therefrom in the form of a jet, or a fluid driven 
mechanical Cutting tool. 
When the drilling member 2 is a nozzle of the 

type illustrated in Fig. 11 and generally desig 
nated therein by the reference numeral 2a, a 
conduit 0 is utilized to supply a stream of acid 
thereto under pressure for attacking and cutting 
away acid soluble formations to make the pas 
sage, or when the drilling member 2 is a fluid 
driven mechanical tool such as illustrated in Fig. 
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15 and therein generally designated by the ref 
erence numera, 2b, conduit will then be uti 
lized to supply a fluid tunder pressure, which may 
be acid, to drive the tool. At suitably spaced 
intervals, the flexible drilling conduit is provided 
with a series of inflatable and deflatable anchors 
or packers 3 by which the drilling conduit may 
be anchored in the Well hole. Extending from 
the surface and passing internally through the 
hollow flexible drilling conduit, and the Series of 
packers, and connecting with the drilling mem 
ber 12, there is provided a flexible hose 4, which 
Supplies a fluid under pressure to the packers 3 
to inflate them and cause them to frictionally 
contact the sides of the We casing, well hole or 
passage formed therefrom and so securely 
anchor the drilling conduit in place. Hose 4 
exhausts into the drilling member 2, and by 
controlling the weight of the fluid in hose 4, as 
by selecting gas or liquid, the weight of the drill 
ing member can be varied so as to control its 
direction of cutting to substantially either an 
acute upward, downward or intermediate posi 
tion, and in this manner the direction of the 
passage or channel being formed or drilled into 
the pay formation can be conveniently controlled 
from the surface, as will hereinafter be explained 
more fully. 
To make more readily understandable the prin 

ciple of this invention and its various modifica 
tions that will be presented hereinafter, it is 
deemed best to explain in conjunction with Figs. 
3, 4, and 5 one of the basic phases of this inven 
tion. In one mode of practicing this invention 
the main or substantially vertical well hole is : 
drilled by any convenient means or method until 
it penetrates or partially penetrates the pay 
formation, after which the conventional casing 
pipe P may be set. Thereafter, a whip-stock or 
guide 5 of any conventional type, or its equiv 
alent, is placed in the lower portion of the well 
hole slightly above or opposite the pay formation. 
The guide f5 is utilized to guide or direct the 
hollow flexible drilling conduit 0 to the face or 
wall of pay formation in a horizontal, lateral 
or tangential direction, as desired, with respect 
to the vertical bore of the well. As illustrated 
in Fig. 4, the flexible drilling conduit O and as 
sembly, composed of its several Sections Oa con 
nected by the joints and the series of spaced 
expandible and deflatable packers 3, and the 
fluid hose 4, and having secured to its end the 
cutting member 2, is now lowered into the bore 
of the well and into the guide 5 until the cut 
ting member is adjacent or in contact with the 
pay formation. During the lowering of conduit 
0, the packers have been in a deflated condition, 

but when the drilling or cutting member 2 is 
in this position the packers are inflated, as 
shown in dotted lines in Fig. 4 by fluid under 
pressure supplied through hose 4 from the Sur 
face to cause them to frictionally contact the 
walls of the casing, and/or Walls of the guide 
5 to anchor the drilling conduit to against 
movement out of the well hole. Assuming the 
pay stratum to be composed of acid-soluble ma 
terial such as limestone, or other calcareous 
material, the cutting tool then employed will 
preferably comprise a nozzle 2a, such as the 
one shown in Fig. Il, and in Order to channel 
or drill through the formation a solution of hy 
drochloric acid is now forced into the hollow 
drilling conduit f at the surface and forced 
downwardly therein under pressure and out of 
the nozzle 2a in the form of a jet of acid to 
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attack and dissolve the formation and channel 
through it in a tangential direction with respect 
to the Well hole. After the acid has issued from 
the nozzle 2a for a short period of time, it will 
have effected a channeling of the pay formation 
to form therein the channel. A substantially to 
the extent shown by the dotted lines in Fig. 4. 

It will now be necessary to move the nozzle 
forward so that it will be effectively repositioned 
to lengthen the channel A, rather than further 
enlarge its diameter, as would result with con 
tinued application of the acid with the cutting 
tool or nozzle in the position illustrated. This 
is effected by releasing the pressure in the hose 
4, so deflating the several packers 3 and free 
the drilling conduit O from its anchorage in 
the channel. 
At this time, due to the inherent structure of 

this particular type of the hollow drilling con 
duit fo, it will be caused to elongate as the pres 
Sure is released, or decreased, in the interior 
thereof, and it will creep forward into the lateral 
channel A bored into the pay formation. This 
is effected by first deflating and releasing the 
anchors, and in the primary stages of boring 
or drilling such a channel, an additional section 
or sections Oa, of the drilling conduit to are 
coupled at the surface and fed into the casing 
by gravity, but additionally the drilling conduit 
0 will creep into the lateral channel as it may 

be formed of any one of several different types 
all having the property or ability to creep for 
Ward into the lateral channel under properly 
controlled conditions. For example, each of the 
sections Oa of the drilling conduit ?o may be 
SO constructed, as will herein later be described 
in detail, that upon the application of pressure 
to the interior of the conduit 0 it will increase 
in diameter and decrease in length. With such 
a drilling conduit, when the pressure on the acid 
or other fluid therein is released or materially 
decreased, the diameter of the conduit tends to 
contract and the conduit elongates and causes 
the entire length thereof to creep forward. When 
each of the individual sections 0a of the conduit 
lengthens upon the decrease of pressure therein, 
which pressure is applied and controlled through 
hose 4, there is then effected a considerable for 
ward movement or creeping of the nozzle or other 
cutting tool at the end of the flexible drilling 
conduit. This forward creeping movement is fur 
ther pronounced and materially assisted when 
the conduit 0 is secured at its end adjacent the 
surface, or anchored by one or a multiple of 
the packers 3 at a point relatively remote from 
the cutting tool, so that as the conduit to elon 
gates the movement thereof Will be all in One 
direction, namely, downwardly into the vertical 
hole of the well and/or into the channel A bored 
into the pay formation. 
A further type of such a flexible drilling con 

duit that can be caused to creep forward under 
controlled conditions of pressure, and which will 
herein also later be described in detail, is one 
that has a tendency to elongate upon the appli 
cation of a fluid under pressure to the interior 
thereof. When employing such a conduit as this 
and it is desired to move the cutting member 
f2 into, or further into, the channel A, it will 
only be necessary to release the pressure in the 
several packers 3, which is done from the sur 
face through hose 4, and so unanchor the con 
duit to and feed additional lengths of conduit 
into the well hole from the surface if they are 
needed. Thereafter with the conduit secured at 



4. 
the surface, or by the inflation of one or more 
of the packers at a point relatively remote from 
the cutting tool, pressure can be put on the fluid 
in the conduit to causing it to elongate and 
creep in the only direction in which it is free 
to move, namely forward into the well hole and 
into the channel. The conduit will be forced 
to creep forward, as it is anchored by the pack 
ers at the surface against elongation in both 
directions. When conduit has reached its 
limit or approximate limit of forward elongation 
and has crept as far into the channel as it will 
for the single step, pressure is applied to the 
interior of the remaining packers so that they 
will serve to securely anchor the conduit in its 
maximum forward position with the drilling tool 
repositioned for further drilling of the channel. 
When employing this type of flexible drilling 
conduit, it may prove desirable to anchor the 
packers in a predetermined order so as to obtain 
the maximum forward creeping movement of 
the conduit. This can be realized by anchoring 
the packers in the order of their relation to the 
earth surface, i. e. anchor first those packers 
nearest the surface so that when pressure is ap 
plied to the interior of the conduit, it is not 
free to stretch both forward into the hole and 
backward out of it, but by being so anchored 
it will of necessity be forced to elongate only 
in one direction, namely downwardly into the 
well hole and forwardly into the channel, and 
thereafter the packers next nearest the surface 
will be set while continuing or maintaining the 
internal pressure in the conduit ). Thereafter 
the remaining packers are progressively set, Set 
ting first those nearest the surface and setting 
last the ones adjacent the cutting tool. By this 
manner of setting the packers the full effect of 
the elongation and stretch of the conduit will 
be more readily realized to cause the cutting 
member 2 to move into the channel A. 
It should be obvious that when the conduit 

to is to be caused to creep forward for the first 
time into the initial part of the channel bored 
by the cutting member, that the mere weight 
of the conduit to standing in the Well bore, when 
the packers are released or unanchored, will 
serve to some extent to force the bottom or for 
ward part of the conduit and its cutting mem 
ber at least a slight distance into the channel 
to take up a more advantageous position for 
further boring of the channel. The Weight of 
the conduit to force the drilling member into 
such a position by gravity can be further aug 
mented by a positive force or feeding of the con- ; 
duit ?o into the well hole from the surface. 
With reference now to Fig. 5, it will be ap 

preciated that the cutting member 2 has been 
caused to progress and move forward, as above 
described, into the channel. A formed by it, and 
as illustrated, the packers 3 are inflated to an 
chor the conduit fle and the cutting tool in the 
hole against backward movement out of the hole 
and away from the lateral channel. 

It is to be understood that by a substantial 
repetition of such steps, as above described, for 
causing the conduit to and its cutting member 
2 to progress into the channel A, the cutting 
member can be caused to travel forward into the 
channel as the same is drilled and take up therein 
a new and more advantageous position at various 
intervals as is needed. 
At this point it should be understood that the 

well hole, such as the one illustrated in Fig. 3, 
from which the passages or channels are bored 
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2,271,005 
into the pay formation, may be formed or drilled 
in any convenient manner, such as by the con 
wentional rotary or cable drilling tools, or in 
Some instances by the practice of this invention. 
When the cutting member employed to drill 

the well hole or a lateral channel therefrom is a 
nozzle, such as illustrated in Fig. 11 and adapted 
to issue therefrom a stream of acid in the form 
of a jet, it may be desirable in some instances to 
add to the acid an agent which will cause it to 
foam, such as gum arabic or Saponin. By the 
addition of such foaming agents the acid will 
be caused to issue from the nozzle 2 in the form 
of a jet of foam and after acting to form the 
channel will have less tendency to settle therein 
and ineffectively attack the bottom of the chan 
nel. In this manner channels of more uni 
formly circular cross-section may be drilled, and 
additionally the acid is more effectively applied 
So as to further the lateral or tangential exten 
Sion of the channel, as distinguished from the 
mere cutting of holes or pits in the botton there 
of. Agents to cause the acid to foam may be 
added thereto in relatively small amounts such 
as from about 0.1 to 1.0 per cent by weight. 
The drilling conduit employed in the realiza 

tion of this invention is formed of relatively flex 
ible and lightweight material and may be con 
structed so as to withstand differential pressures 
up to 1000 pounds per square inch. Moreover, 
this conduit may be formed so as to be of such 
lightness and structure that it will float in liquids 
normally encountered in drilling a well such as 
Water, brine, oil, etc., and will also float in fluids 
utilized in drilling or treating a well, such as 
mud-laden drilling liquids, and acid solutions 
Such as used in the practice of this invention. 
A portion of one embodiment of such a con 

duit is illustrated in Fig. 6, wherein the conduit 
is generally designated by the reference numeral 
Ob, and is formed of an external sheath is 
which may be formed of woven wire strands, 
fabric or other suitable material so arranged 
that they are capable of movement to vary the 
diameter and length of the sheath. Within the 
sheath f6 and protected thereby is positioned the 
metallic core 7 of the conduit which is made of 
relatively thin gauge flexible metal, such as cop 
per, stainless steel, brass, nickel or the equivalent, 
and is formed with a series of spaced annularly 
disposed flexible corrugations 8. When a fluid 
under pressure is passed through such a conduit 
and the interior thereof is subjected to pressure, 
the corrugations 8 will tend to expand and take 
the shape illustrated in Fig. 7, thus allowing the 
metal core to expand and increase in length, 
and as the sheath f6 is flexible it too will expand 
and increase in length together with the core. 
When the pressure within the conduit is reduced 
sufficiently, it will again resume its original 
shape. Such a conduit as above described in 
connection with Fig.6 may be built in convenient 
lengths, Such as those ranging from about 50 to 
1000 feet, and with outside diameters from 34 to 
3 inches and inside diameters from 3% to 24, 
inches. A conduit of this type will safely with 
stand internal pressures up to 1000 pounds per 
Square inch or more and can be built so that it 
is substantially uniformly capable of stretching 
or elongating about 5 to 10 feet for every 100 
feet of its length when pressure in excess of 10 
pounds per Square inch is applied to the interior 
thereof. 
A portion of a further embodiment of a flexible 
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drilling conduit is illustrated in Fig. 8, and in this 
instance the conduit, generally referred to by the 
reference character Oc, comprises a hollow flex 
ible core 9 made of rubber or similar flexible 
material which is reinforced with fabric or cord 
20 or its equivalent, which is preferably incor 
porated therein on a bias. However in this in 
stance, the conduit Oc together with its rein 
forcing fabric Or COrd, is So formed that upon 
the application of pressure to the interior there 
of, the diameter of the Conduit increases and the 
length thereof decreases, and when the pressure 
is released or diminished, the diameter decreases 
and the length increases. A conduit of the type 
described in Connection. With Fig. 8 may be built 
in convenient lengths, such as those ranging 
from 50 to 1000 feet, and with outside diameters 

S 
der pressure from the surface passes longitudi 
nally through the packer 3 and all of such pack 
ers and each Section of the flexible conduit fo 
as hereinbefore taught. The annular space 25 of 
the packer is in communication with the hose 
4 by virtue of a stub hose 26 connecting the 
Same. This connection may be realized in any 
convenient manner, for example, by providing 
hose 4 with a short hollow extension 26a and 

O the flexible core 2 with a similar short hollow 
extension 26b and securing them together with 
a clamp 27. Obviously any equivalent means 
may be utilized to effect the connection between 
chamber 25 and hose 4. When hose 4 is un 

from 2 to 3 inches, and inside diameter from 
4 to 2% inches. Such a conduit will safely 
withstand internal pressure up to 1000 per square 
inch, and is Substantially uniformly capable of 
shortening or decreasing its length 2 feet for 
every 100 feet of its original length when pres 
sure in excess of 40 pounds per square inch is 
applied to the interior thereof, and conversely, 
such a conduit will increase 2 feet for every 100 
feet thereof when the pressure therein is dropped 
below 20 pounds per square inch. 

20 

Shown in Fig. 1 is the hose 4 adapted to con 
duct therethrough a fluid under pressure which 
passes through the sections foal of the flexible 
drilling conduit (0. Hose 4, although forming 
no integral part of conduit fo, may nevertheless 
be disposed internally throughout the entire 
length of any of the modifications thereof and 
their numerous sections 0d and the various pack 
ers 3, and as illustrated in Figs. 3, 4 and 5, it is 
utilized to supply a fluid under controlled pres 
Sure from the surface to inflate and deflate the 
various packers 3 and so control the anchoring 
and unanchoring of the conduit O in the Well 
hole. Hose 4 may be assembled and positioned 
interiorly of the conduit 10 at the surface, and 
the various Sections thereof may be coupled in 
any suitable manner to prevent the leakage of 
the fluid contained therein. 
InterpOSed at Spaced intervals in the conduit 

0, there are provided a series of packers 3 as 
illustrated in Figs. 3, 4 and 5 for anchoring the 
conduit in position in the Well hole and channel. 
The packers are controllably supplied from the 
Surface through hose f4 with a fluid under pres 
Sure, Such as air or gas, to inflate them and so 
frictionally anchor them to the walls of the well 
hole and channel to hold the conduit in place. 
The packers are deflated to unanchor them when 
it is desired or necessary to release the conduit 
for movement into or out of the Well hole and 
channel. 
With reference to Figs, 9 and 10 wherein one 

type of packer 3 is illustrated, it will be seen 
that the Same comprises a flexible internal core 
2 formed of rubber or similar suitable material 
which may be reinforced with fabric 22, or cord, 
or the like. At either end of the packer 3 
there are Secured externally screw-threaded 
couplings 23 for engagement with and connec 
tion to conduit sections foa through any suitable 
means carried thereby. Underlying the cou 
plings 23, and secured in position thereby, are 
the ends 24a of the sleeve shaped expandable and 
contractable flexible diaphragm 24 which is dis 
posed in Spaced relation to the flexible core 2 
So as to form thereabout the annular space or 
chamber 25. The hose 4 for supplying fluid un 
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der fluid pressure it may be desirable in some 
instances to restrict the flow of such fluid from 
hose 4 through the stub conduit 26 and into 
the annular space 25, and this is effected by pro 
viding the extension 26a or 26b, preferably the 
latter, with a restriction or plate 28 having an 
Orifice of Small diameter with relation to the 
inside diameter of the stub conduit 26. The ori 
fice plate or restriction 28 will also serve to re 
tard the exhaustion of the fluid under pressure 
from the annular space 25. 
On the diaphragm 24 of the packer 3, or 

elsewhere, there may be provided rough surfaces 
to assist the packer, when inflated as shown by 
the dotted lines 24b in Fig. 10, to frictionally en 
gage the Walls of the Well hole and thus anchor 
it in place. Such rough surfaces may comprise 
Wire and/or fabric, or similar mesh 29 formed 
at either end of the diaphragm 24, or such mesh 
or rough Surface may extend Over the entire Sur 

5 face of the diaphragm. It will be necessary that 
the Wire mesh 29, or its equivalent, be so con 
structed and attached to the diaphragm 24 that 
it will be capable of expanding and contracting 
to Some extent therewith when the packer is in 
flated and deflated. 
Additionally the packer may be provided on 

the exterior thereof with a plurality of hollow 
rigid or semi-rigid tubes 30 which are preferably 
arranged at Spaced intervals parallel to the lon 
gitudinal axis of the packer and secured thereto 
by fastening the ends thereof to the couplings 23 
as by Welding, Soldering or any equivalent man 
ner. Such tubes 30 are fitted on the packer 3 
So that even though the diaphragm 24 thereof 
be expanded and in contact with the walls of the 
Well hole to anchor the packer and the flexible 
conduit in place, there will still be provided a 
by-pass through tubes 30 for fluids in the well 
hole, such as acid, spent acid, water mud-laden 
drilling fluids, etc., to pass. Such function of 
this type packer may more readily be appre 
ciated by reference to Fig. 10 wherein the dotted 
lines 24b illustrate the position of the diaphragm 
when the packer is inflated, clearly showing that 
although the more extended portions of the dia 
phragm would contact the walls of the well hole, 
fluid in the hole would be free to flow pass the 
packer through the tubes 30 or through the 
Space 3 formed by the tube 30 preventing the 
diaphragm from expanding and contacting all 
parts of the well Walls. 
The orifice plates 28 of the packers 3 may be 

constructed So that the port or Orifice therein are 
of varying sizes so as to allow anchors 3 pro 
vided with large orifice plates 28 to inflate and 
deflate rapidly, and those of the packers 3 pro 
vided with small orifice plates 28 to inflate and 
deflate more slowly. Thus by controlling the size 
of the orifice plates 28, packers 3 positionednear 
the surface can be provided with large, or rela 
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tively large orifice plates, the size of which will 
decrease as they go down into the Well hole SO 
that those adjacent the cutting tool are the 
smallest, so that when fluid under pressure is in 
troduced into hose 4 to set or anchor the pack 
ers, those packers nearest the surface will set first 
as the fluid can more readily enter the annular 
spaces 25 thereof, but the fluid under pressure 
will not so readily enter the annular space 25 of 
the packers further down in the hole due to the 
smaller restricted orifices provided therefor. 
Thus when such a flexible drilling conduit as the 
one Ob, shown in Fig. 6 is employed, it will first 
be anchored by the packers 3 at or adjacent the 
surface leaving the remainder of the conduit an 
ple opportunity to stretch and creep into the well 
hole when the pressure is applied to the interior 
thereof before the packers further down in the 
well hole and in the channel are caused to set 
and arrest the elongation of the conduit into the 
channel. By so supplying the packers with pro 
gressively smaller orifice plates 28 starting at the 
surface with large ones and decreasing the size 
of the ports therein as they approach the cutting 
member 2 carried by conduit, positive assurance 
is made that the conduit Will progreSS and Creep 
into the well hole to its fullest ability and Will not 
be anchored at any point which would tend to 
hamper its creeping action. 
When an acid solution is employed to drill the 

channel. A the spent acid and solution thereof, 
after dissolving the acid-soluble formation or at 
tacking the same to drill the channel, may be 
disposed of by forcing it under pressure into the 
pay formation. Such disposal of the spent acid 
will be materially assisted by positively anchor 
ing the packer, or packers, immediately adjacent 
the acid nozzle so that the spent acid and Solu 
tion thereof may not escape back into the chan 
nel that has been drilled but is forced into the 
formation by virtue of the pressure on the acid 
supplied through the conduit 10. The acid and 
spent acid may be further prevented from escap 
ing past the packers 3 if some relatively heavy 
seal, such as a drilling fluid or the equivalent, is 
positioned behind the packer, or packers, imme 
diately adjacent the acid nozzle. Such a Seal 
may comprise a mud-laden drilling liquid of any 
convenient or efficient type, and may convenient 
ly be positioned by introducing it into the well 
hole through conduit to and expelling it through 
the acid nozzle, while the packers or the ones im 
mediately adjacent the acid nozzle are deflated. 
In this manner, the sealing medium may be po 
sitioned behind the packer or packers desired, 
which are then inflated and anchored, and there 
after when acid is introduced into conduit ?o and 
expelled from the nozzle to form the channel A, 
the spent acid will be forced into the formation 
and be prevented from passing behind the pack 
ers and channeling or enlarging the hole or 
channel at undesirable points. 
Or in lieu of forcing the spent acid into the 

formation and placing the sealing medium be 
hind the packers to assist in forcing it into the 
formation, the cuttings, spent acid and matter 
dissolved therein may be washed or flushed out of 
the hole. This may be done by deflating the 
packers 3 and then forcing a fluid, Such as wa 
ter or mud-laden drilling fluid down the conduit 
O and out of the nozzle orifice 49 and into the 

channel. A to wash the cuttings, spent acid and 
carbonates dissolved therein back past the Sev 
eral defiated packers and up to the surface. Af 
ter the channel A has been so cleaned, the pack 
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ers will be reset and the acid drilling continued. 
To remove the cuttings, spent acid and car 

bonates dissolved in drilling the channel A, it is 
not necessary to intermittently deflate and col 
lapse the packers 3 in order to force the cut 
tings, etc. past the same and to the surface. In 
lieu of Such procedure, the packers such as ill 
lustrated in Fig. 9, may be employed, in which 
instance the cuttings, etc. may be intermittently 
Or continuously forced out of the channel A and 
past the packers by virtue of their construction, 
notably the tubes 30 thereof which permit the 
cuttings to flow therethrough and past the pack 
ers and so to the Surface. 

In one manner of forming or drilling the lat 
eral, tangential or horizontal passages into the 
pay formation the cutting member 2 may take 
the form of a nozzle 2a, illustrated in Fig. 11, 
which is adapted to eject in the form of a jet 
the stream of acid supplied thereto under pres 
Sure. The nozzle comprises an elongated cylin 
drical housing 32 terminating at its discharge 
end in a conical shaped head 33, and is provided 
on the opposite end thereof with the externally 
screw-threaded portion 34 to which the internal 
ly screw-threaded sleeve 35 is secured. Any 
suitable type of flexible drilling conduit, such as 
the portion Oa, thereof, has attached to its end 
a screw-threaded ring 36 to which the sleeve 35 is 
screwed to join the nozzle 2a to the end of the 
flexible drilling conduit. The nozzle is preferably 
of predominantly uniform diameter and formed 
of relatively thin metal or equivalent light 
weight material. 
Within the nozzle housing 32 and extending 

longitudinally therethrough is a metal tube 3 
which at the conical end 33 of the nozzle seats 
and abuts against the shoulder 38 of the nozzle 
tip 39. The other end of the metal tube 3 is 
formed with a flared portion 40 terminating in 
the circular flange 4, which by virtue of the 
sleeve 35, is Securely held against the end of Sec 
tion Oa of the flexible drilling Conduit So as to 
make a tight connection between the conduit and 
nozzle and put the interior of conduit section Oa 
in communication with the interior of tube . 
AS acid, Such as a Solution of hydrochloric acid, 
is to be passed through nozzle, 2d under high 
pressures, it is preferable to line the entire inside 
of tube 3, including the flared portion 40 there 
of, with a glass or other vitreous liner 42, as is 
shown in Fig. 11. As a portion of the tip 39 at 
the conical end of the nozzle 2a in which the 
liner 42 seats may be exposed to the acid, it is 
desirable to form the tip of Some resinous or 
other acid-resisting material, and to further so 
form the tip as to protect the end of the glass 
liner 42 and form a seat therefor as is shown. 
Intermediate the housing 32 of the nozzle and 

the tube 37 passing therethrough, there is formed 
a chamber 43 in which is disposed a plurality of 
supporting fins or blades, or a helical support 
which gives strength and rigidity to the nozzle 
and the housing 32 thereof. The support 44 may 
be secured to the outside of the tube 3 and to 
the inside of the housing 32 in any convenient 
manner, Such as by welding or soldering, and the 
support 44 is further formed with cut-away por 
tions 45 so that all portions of chamber 43 are 
in communication and fluid is free to flow into all 
portions thereof. Similarly, at one end of the 
nozzle and interiorly thereof in the chamber 48, 
there is provided a disc 46 to assist in support 
ing the tube 37 and to give strength and rigidity 
to the upper end of housing 32. Disc 46 is formed 
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with the apertures 47 so that all portions of 
chamber 43 are in Communication and in com 
munication with the interior of the.hose 4, the 
end of which passes through the flared portion 40 
of the tube 3 and its liner 42 so that fluid flowing 
through hose 4 is introduced into the chamber 
43 of the nozzle. 
With further reference to FigS. 11 and 12, and 

particularly the latter, it will be seen that the 
nozzle housing 32 is provided with a series of 
ports 48 arranged circumferentially thereabout 
for the exhaust of fluid under pressure from the 
chamber 43 out into the well hole for the pur 
pose hereinafter to be explained. The conical 
end 33 of the nozzle is formed with a relatively 
small discharge orifice 49 which is in communi 
cation with the glass-lined tube 3 for the escape 
therethrough of the acids, or other chemicals 
under high pressure and Velocity. 
When the nozzle is functioning in the Well hole 

to drill the lateral channel A, the force of the 
pressure in the conduit 0 and in the nozzle will 
serve to assure that the acid jet is being applied 
in a manner parallel to the axis of the channel 
and not at a tangent thereto. The maintenance 
of such position of the nozzle in the channel will 
be materially assisted by the exhaust of fluid 
through the ports 48 of the nozzle which will tend 
to center it in the channel. However, it is neces 
sary that the nozzle be so controlled that it may 
be caused to cut a horizontal channel or One run 
ning upwardly or downwardly from such a hori 
Zontal, as is desired. This may be effected by 
convenient loading of the nozzle, which can be 
done by introducing fluids of varying kinds and 
weights into the chamber 43 of the nozzle so as 
to make it lighter or heavier to direct the acid 
jet issuing from the orifice 49 upwardly or down 
wardly. For example, if the nozzle is drilling a 
channel in the pay formation and is in substan 
tially a horizontal position, such as illustrated 
in Fig. 3, and it is desired to change the appli 
cation of the acid jet issuing from orifice 49 to 
a different angle so that it Will then cut or drill 
downwardly from the channel A, it will only be 
necessary to introduce a liquid into hose 4 from 
the surface and the liquid Will ultimately pass 
through the entire length of the hose and into 
the chamber 43 of the nozzle 2a, making it 
heavier and causing it to tilt downwardly, as ill 
lustrated by the dotted lines in Fig. 3, and SO 
cause the further forming of channel A in the 
pay formation in that direction. 

If it is desired to cut or drill upwardly from 
the channel A with the nozzle 2a, the position 
thereof for such drilling can be effected by in 
troducing a fluid such as air or gas under pres 
sure into hose 4 at the SIrface and forcing it 
downwardly therethrough and into the chamber 
43 of the nozzle to cause it to float or rise in the 
spent acid or other liquid contained in the chan 
nel A and so effect an upWard direction to such 
further drilling of said channel, as indicated by 
the position of the nozzle illustrated in dotted 
lines in Fig. 3. 
The fluid supplied under pressure from the 

surface through hose 4 to chamber 43 of the 
nozzle to control the direction thereof Will ex 
haust from said chamber through the circumfer 
entially arranged ports or orifices. 48, and serve 
to keep the acid nozzle 2a floating in the center 
of channel. 

However, before any beneficial change in di 
rection can be made relative to the direction of 

O 

7 
necessary, to know at what depth it is drilling so 
as to ascertain if the nozzle should be directed 
upwardly or downwardly for further drilling of 
channel A. One embodiment of the apparatus 
and method of ascertaining the depth of the 
channel A at the point therein where the acid 
nozzle 2a, or other type cutting member, is 
drilling is illustrated in Figs. 3 and 13, the latter 
being an enlarged detail view of the pipe as 
Sembly at the top of the well hole. It will be 
appreciated that before the lateral channel A is 
commenced a well hole W is drilled to a given 
depth, which depth is here represented in Fig. 3 
by the reference numeral X and the depth of 
which is already known or easily ascertained by 
measuring lines. A pipe 50 extending from the 
Surface where it is connected with a suitable 
Source of fluid under pressure, such as air or gas, 
extends downwardly within the casing P to a 
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the acid nozzle 2a, it will be desirable, if not 75 

point adjacent the bottom of the vertical well 
hole wherein liquid is standing at the level L.-L. 
The fluid pressure hose 4 heretofore described. 
also extends from the surface down into the ver 
tical Well hole and is in communication with the 
furthermost end of channel A by virtue of the 
fact that hose 4 is positioned within the flexible 
drilling conduit O and terminates in the cham 
ber 43 of the acid nozzle 2a, which, via the ports 
or Orifices 48, is in communication with the fur 
thermost portion of channel A. The top of the 
casing pipe P is provided with suitable packings 
through which extend the upper ends of pipe 50 
and the conduit 0 with its fluid hose 4 extends. 
Formed on the top portion of the casing and in 
communication with the interior thereof is the 
elbow pipe connection 5, the lower end of which 
is disposed in a liquid Seal, such as Water, con 
tained in the vessel 52. Pipe 5 is provided with 
the Valve 53 and the pressure gauge 54. 
The liquid standing in the vertical well hole W 

is arbitrarily considered as standing at level 
L-I. Therefore, the ultimate upper level of the 
liquid standing in channel A will be the same, 
and to positively assure this condition the pres 
Sure on the fluid in Conduit 0 and hose 4 is re 
leased and the packers 3 deflated so that the 
liquid in channel A will flow up into the well hole 
to its natural level, namely, level L.-L. Now a S 
suming that the liquid in both the Well hole W 
and the channel A is of identical Specific gravity 
and it is desired to determine the depth at which 
the nozzle 2a is drilling in the channel A SO as 
to determine if the nozzle should be directed up 
wardly or downwardly to control and possibly 
correct the further drilling of that channel, it 
will be necessary to introduce a fluid, such as air, 
under pressure into the top of pipe 50 at the Sur 
face. Such air under pressure Will then paSS 
downwardly through pipe 50, displacing the liquid 
and the air bubbles standing therein out of the 
lower end of pipe 50 and into the bottom of the 
well, from whence it will bubble upwardly through 
the liquid therein within the casing pipe P to the 
upper end thereof at the Surface and enter the 
elbow pipe 5 and bubble outwardly therefrom 
into the liquid Seal contained in the vessel 52. 
When this takes place, a visual means is afforded 
to show that all of the liquid standing in pipe 50 
has been displaced by the air under pressure, and 
during such displacement the pressure gauge 54 
will indicate the constant increase in pressure 
needed to displace the liquid until all such liquid 
is displaced, at which time the gauge 54 will in 
dicate the maximum pressure required for such 
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displacement of liquid and so record the hydro 
static head of the liquid that stood in pipe S. 
During this operation valve 53 has, of course, 
been allowed to remain Open. 
To measure the hydrostatic head of the liquids 

standing in hose 4, which is disposed both in the 
well hole and the channel, the air under pressure 
in pipe 50 is released and reduced to normal, al 
lowing pipe 50 to refill with liquid. Then air un 
der pressure is introduced into hose 4 to dis 
place therefrom the liquid column standing in it, 
which when completely displaced, will be evil 
denced by the air bubbling out of the liquid Seal 
in container 52, and at which time the reading on 
the gauge 54 is noted, which will give the hydro 
static head of the liquid that was displaced from 
hose 4. 
Thus, having ascertained the hydrostatic head 

of the liquid standing in the pipe 50 disposed in 
the well hole, the depth of which is known, it is 
but a simple matter, after having ascertained the 
hydrostatic head of the liquid in hose 4, to then 
compute the depth of the end of channel A from 
the Surface. 
For instance, assuming that both the Well hole 

and channel A are filled with water and the depth 
of the well hole at point X therein is 1800 feet, 
and the hydrostatic head of the water standing in 
pipe 50 is 774 pounds per square inch, and the 
depth of the channel A at the end thereof is un 
known but the hydrostatic head of the liquid 
standing in the channel is found, when measured, 
to be 778.3 pounds per square, inch, then ob 
viously the depth of channel A at its furthermost 
point, where the acid nozzle is drilling, would be 
1810 feet. This will be true for the hydrostatic 
head will be in direct proportion to the depth in 
this instance where the same type liquid, e. g. 
water, is standing both in the vertical well hole 
and the channel A. -- 

However, if other liquids are standing in the ver 
tical well hole and channel A, the ascertainment 
of the depth of channel A will not be so simple, 
but determinable, however, by the same principle 
and general method. For instance, assume that 
drilling mud with a specific gravity of 1.1 is 
standing in the vertical well hole and in the chan 
nel A, that the depth of the vertical well hole is 
known or found to be 1800 feet, and that the 
hydrostatic head of the mud standing in pipe 50 
was measured as 851.4 pounds per Square inch, 
while the hydrostatic head of the drilling mud 
standing in hose 4 was measured as 856.1 pounds 
per square inch, then it is seen that the depth of 
the channel A at the point where the acid nozzle 
is drilling is 1810 feet. 
Thus, when the depth and thickness of the 

pay formation is known, and this is readily as 
certainable, and the depth at which the nozzle is 
drilling has bean ascertained, the nozzle can then 
readily be directed and/or controlled as herein 
before described to drill in the pay formation as 
desired. 

In all instances, it will not be necessary to 
provide the hose 4 within the drilling conduit 
to, in which case the conduit to and the sec 
tions Oa thereof will serve to conduct all the 
necessary fluid or fluids under pressure and sup 
ply them to the packers 3 and the cutting men 
ber 2. For instance, in Fig. 14 there is illus 
trated a portion foa of such a conduit without 
the hose 4, and which is illustrated as Con 
nected to a nozzle 2a'. In this instance the noz 
zle is modified in some slight respects from the 
nozzle 2a hereinbefore described and illustrated 
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in Fig. 11, and it will be seen that the chamber 
4 thereof is not formed so as to make connec 
tion with any such hose, as the One 4 included 
in nozzle 2d. Instead, nozzle 2a' has a fluid 
separator 55 positioned in the flared portion 8 
of the tube . The separator 55 comprises a 
body 56 radiating from which are a plurality of 
Spiral vanes 57, the oute ends of which seat 
against and are secured to the flared portion 
of the glass liner 42. The forward end of the 
separator 55 forms a conically tapered head 
radiating from which the plurality of vanes are 
So disposed with relation to the body that a cen 
trifugal action or motion will be imparted to 
fluids flowing therepast under pressure. Ports 
are provided in the separator at the point S 
for the fluid to pass through the same and flow 
into the flared portion 40 of tube 37. A tube BD 
is positioned just back of the centrifugal sepa 
rator 55 and the ports 59 thereof, and passes 
through the walls of the flared portion 4 of tube 
37 and its glass liner 42 to connect the inside 
thereof at the flared portion with the interior 
of chamber 43 of the nozzle 2a'. 
The apparatus shown in Fig. 14 is employed 

as follows, a solution of hydrochloric acid to 
gether with air, is introduced under pressure into 
the drilling conduit fle at the surface from which 
it flows downwardly into the well hole and into 
the channel A through the section f Oa thereof 
connected to the nozzle f2a. During such pas 
Sage of the acid solution and air, the pressure 
thereon can be regulated and controlled from 
the Surface to operate packers of the type here 
inbefore described. When the acid solution and 
air have traversed the entire length of conduit 
0 and are about to enter the nozzle 2a', they 

are compelled to pass the separator 55 which im 
parts a centrifugal or Swirling action or motion 
to the acid and air, resulting in its separation, 
or substantial separation, so that the air, being 
lighter, will remain substantially in the center 
of the flowing stream of acid and air, while the 
acid being the heavier of the two fluids, will 
displace the air and be concentrated on the out 
side of the flowing stream. With this condition 
and positioning of the air and acid effected, the 
air or a large portion thereof, will flow into tube 
65 and into the chamber 43 of the nozzle to as 
sist in controlling its direction, as heretofore de 
scribed, while the acid will flow into the glass 
liner 42 of the tube 37 and so to the nozzle 
orifice 49 from whence it issues to attack the pay 
formation. . 
Obviously the separator 55 may be positioned 

either in the nozzle 2a or in the conduit D at a 
point relatively close to the nozzle. 
The drilling member 2 employed for drilling 

the passage or channel, such as the one A, may 
take the embodiment of a fluid driven tool, such 
as a rotary, oscillating, or impact drill tool 
or bit. One example of such a tool is shown 
in Fig. 15, wherein is illustrated a rotary 
drilling tool or bit adapted to be driven by 
a fluid under pressure, such as air, gas, water, 
mud-laden drilling fluid, or a solution of acid 
which may be supplied to the tool through con 
duit 0. Obviously, such a rotary drilling tool 
may be employed to drill channels or passages 
through formations which are not soluble in acid 
or acted on thereby, or it may also be employed 
to drill channels in acid-soluble formations, in 
which instance the tool will be materially as 
sisted in its drilling function if it is driven by an 



2,271,005 
acid solution under pressure, which will assist in 
dissolving or attacking the formation. 
With reference now to Fig. 15 wherein the 

mechanical drilling tool is generally designated 
by the reference numeral 2b, it will be appre 
ciated that therein is illustrated a mechanical 
cutting tool or drill adapted to be driven by a 
fluid under pressure. The tool comprises a cy 
lindrical housing 6 which is formed at its work 
ing end with an open internally screw-threaded 
end 62, and at the other end with a boss 63 which 
is both exteriorly and interiorly screw-threaded. 
The boss 63 is connected by the internally screw 
threaded coupling sleeve 35 to the externally 
screw-threaded ring 36 of the flexible conduit 
section Oa, which causes the boss 63 to abut the , 
end of the conduit section and make a tight leak 
proof contact therewith. Disposed within the 
conduit section Oa and carried thereby is the 
fluid hose 4 which is secured in place at the end 
of the conduit section by a bracket 64 and cou 
pling member 65. 
Within the housing 6 of the cutting tool, and 

spaced from the inner walls thereof So as to 
form the annular chamber 66a, there is positioned 
a combination fluid chamber and shaft-bearing 
member 67 which is formed of spaced, concentri 
cally arranged tubular mcmbers, namely, an in 
ner tube 68 which at one end is screw-thread 
edly engaged with the interior of the boss 63 and 
at the other end is provided with the OutWardly 
projecting annular flange 69, which is formed 
with a series of ports 70; and an outer tube 7, 
which at one end is formed with the inwardly 
projecting annular flange 72 which is secured 
to the end of tube 68 at a point adjacent bOSS 63 
and which at the other end is secured to the 
flange 69 of tube 68 and is formed with the in 
ternally screw-threaded portion 13 of the tube 
7 is the externally screw-threaded portion 74 
of the tube 75, which at its other end is formed 
with the outwardly projecting flange 76 formed 
with the depending screw-threaded flange 77 
which screws into the end 62 of the housing 6 
to close the same. Tube 75 is so disposed within 
the housing 6 as to form the annular chamber 
66b therebetwen, which, together with annular 
chamber 66a, heretofore described, constitutes 
the annular chamber 66 which extends the en 
tire length of housing 6. 
Within the tube 68 there are provided bear 

ings 78 and 79 for the shaft 80, which is dis 
posed within tubes 68 and 75 and has keyed 
thereto substantially intermediate its ends an 
impeller blade 8 provided with the ports 82. 
The lower end of shaft 80 passes out of housing 
6 and is provided with a head 83 on which is 
rotatably mounted a plurality of drilling or cut 
ting discs 84. Shaft 80 is formed with an an 
nular shoulder 85 adapted to engage bearing 79 
and limit the outward thrust of the shaft, 
while the inward thrust of shaft 80 is lim 
ited by the stop 86 which completely closes 
the interior of tube 68. Adjacent the stop 86, 
there is formed in tube 68 a series of apertures 
87 which puts the interior of one end of tube 
68 in communication with chamber 88 formed 
between tubes 68 and 7. By virtue of the aper 
tures or ports 70 formed in flange 69 of tube 68, 
the chamber 88 is in communication with cham 
bers 89 and 90, which are formed within the bell 
shaped portion T4 of tube 75, and tube 75, respec 
tively. 

In one end of tube 68 there is provided a port 
9 in which is fitted one end of the stub pipe 92, 
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the other end thereof making connection with 
the hose 4 and being joined thereto by the con 
nection 65. By virtue of stub pipe 92, the fluid 
in hose 4 is free to flow therefrom through port 
9 and into chamber 66, from whence it may 
exhaust through ports 93 which are arranged 
about the circumference of the housing 6. 
When Such a mechanical drilling tool as above 

described is utilized in the practice of this inven 
tion, a fluid under pressure, which may be water, 
gas, drilling mud, or of hydrochloric acid solu 
tion, is supplied at the surface and forced down 
through the flexible conduit O, and the various 
Sections thereof, until it enters the last section, 
such as the one Oa illustrated in Fig. 15, from 
whence it flows into the end of tube 68 and es 
capes therefrom the apertures 87 into the cham 
ber 88. From chamber 88 the fluid under pres 
Sure escapes through ports 70 and impinges 
against the impeller blades 8, which are keyed to 
shaft 80. Insomuch as the fluid issuing through 
ports 70 is under pressure, it will strike the blades 
8 and rotate them together with the shaft 80 
and the cutting head 83 carried at the end there 
of, and in this manner the drilling discs 84 will 
be caused to cut and drill into the formation. 

If the fluid under pressure utilized to drive the 
impeller blades 84 and shaft 80 is a solution of 
acid, such as hydrochloric acid, it in issuing 
through ports D, will impinge upon the blades 8 
and flow through the ports 82 formed therein and 
flow into chambers 89 and 90 and be expelled 
from the cutting tool housing at the end thereof 
adjacent the cutting discs 84 and materially assist 
them in drilling into the formation, especially if 
the same contains calcareous or acid-soluble con 
stituents. 

Fluid under pressure will be supplied from the 
surface to the hose 4 for actuating the packers 
or anchors 3 heretofore described, and as this 
fluid, which may be any suitable liquid or gas, 
enters the last portion of hose 4 shown in Fig. 15, 
it will flow therefrom into the stub conduit 92 
and through the port 9 into chamber 66 formed 
within the housing 6 of the cutting tool, and 
therein serve to Support the tool in the fluid of 
the well hole and function to control the direc 
tion of the cutting tool as has been described. 
Fluid from chamber 66 exhausts through port 93 
into the Well hole. 

If desired, a mechanical cutting tool, such as 
described in connection with Fig. 15, may be 
utilized in connection with a flexible drilling con 
duit, without hose f4, but utilizing the centrifugal 
separator 55 illustrated in Fig. 14, the structure 
and function of which has hereinbefore been de 
Scribed. 

Certain practices of this invention will now be 
briefly summarized in the following paragraphs. 
A well hole may be first drilled in any desired 
manner, and therein at any depth a guide is set, 
and a flexible drilling conduit of the type illus 
trated in Fig. 6 or 8 is lowered into the well hole 
with a cutting member, such as illustrated in 
Fig. 11 or 15, connected to the lower end thereof 
until the cutting member passes through the 
guide and is directed to the formation of the well 
hole wall. Assuming that the formation in which 
it is desired to drill the channel is formed of or 
contains limestone, calcareous material, there 
will then in that case be employed a nozzle of the 
type shown in Fig. 11 and a solution of hydro 
chloric acid of from about 10 to 25 per cent 
concentration. 
With the nozzle suspended at the end of the 
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conduit, it is then lowered into the well hole until 
it passes through the guide and the end of the 
nozzle abuts the pay formation as shown in Fig. 3. 
A fluid, such as air or gas, is then put under 
pressure into the hose 4 at the surface and is 
forced downwardly into the well hole, and a part 
thereof will enter the chambers 25 of the packers 
3 to inflate them so that they anchor the con 

duit in place. Thereafter a solution of hydro 
chloric acid is supplied to conduit under pres 
sure and forced downwardly therethrough to 
issue from the orifice 49 of the nozzle in the form 
of a jet of acid which is directed by the guide 
against the wall of the pay formation. 

After the jet of acid has been applied to the 
pay formation for a period of time, it will form 
a channel therein such as the one designated by 
the reference numeral A in Fig. 4. Thereafter, 
further application of the acid jet will be less 
effective because as the channel progresses the 
distance between the end thereof and the nozzle 
increases. Therefore, it is desired to move the 
nozzle into the channel so as to be in closer 
proximity to the end thereof to further effect the 
channeling of the formation. This is done by 
releasing or reducing the pressure on the fluid in 
hose 4 and deflating the packers 13. At this 
stage of the practice of this invention the flexible 
drilling conduit can be caused to progress into the 
well hole and into the channel by merely forcing 
it into the hole from the surface, or due to its 
weight it will move down into the hole and for 
ward into the channel. At this time, additional 
sections of the flexible drilling conduit may be 
added at the surface if needed. 
By forcing the conduit into the well hole and 

the lateral or tangential channel being formed 
therefrom, or by allowing the weight of the con 
duit to force itself into the hole and channel, the 
nozzle will be repositioned and assume a posi 
tion in the channel. A substantially as illustrated 
in Fig. 5 with the nozzle advantageously located 
to further form the channel at which time the 
packers are reset and drilling resumed. 
During the repositioning of the conduit, the 

flow of acid in conduit may be continued or dis 
rupted as desired. However it may be preferable 
to discontinue the acid flow during this period, 
and at that time while the packers are deflated, 
a fluid such as water or drilling mud may be 
forced under pressure through conduit and out 
through the nozzle and into the channel to Wash 
it clean of the cuttings, etc. 
After the channel has been formed into the 

formation to such an extent that the weight of 
the flexible drilling conduit, or a force applied 
thereto at the surface, can no longer be satis 
factorily relied upon to move the conduit into 
channel A as it is formed, the creeping action of 
the flexible drilling conduit is then resorted to for 
causing it to reposition itself in the channel as 
the same increases in length. As need for this 
arises, it is effected by deflating and so releas 
ing the packers, and adding the necessary addi 
tional sections to the flexible drill conduit at 
the surface, and thereafter preferably setting first 
the packer, or packers, immediately adjacent the 
surface and then forcing the acid solution under 
pressure through the drilling conduit, and if such 
a conduit, as illustrated in Fig. 6 and heretofore 
described, is employed, each section thereof Will 
immediately increase in length, resulting in a 
considerable overall elongation thereof which will 
all be in one direction, namely downwardly into 
the well hole and forwardly into the channel. 

O 

5 

20 

25 

30 

35 

40 

5 

75 

2,271,005 
The conduit will creep into the well hole and 
channel because that is the only direction in 
which it is free to move as it is anchored to the 
well walls adjacent the surface. After the con 
duit has been so caused to creep into the well 
hole and channel and has noved thereinto as far 
as it is capable, the remaining packers throughout 
the length of the conduit are inflated to anchor 
it against movement out of the hole and the 
channel, and thereafter drilling of the channel 
with the acid jet is resumed. The above manner 
of repositioning the nozzle is repeated whenever 
the need arises for causing the nozzle to progress 
into the channel. 
By providing the packer or packers nearest the 

surface with relatively large orifice plates, desig 
nated by the reference numeral 2 in Fig. 9, it 
will be possible to cause those packers to anchor 
first as the fluid under pressure supplied through 
hose will more readily enter the chamber, 
or chambers, 25 of such packers and inflate them. 
By providing the succeeding packers with suc 
cessively smaller and smaller orifice plates, de 
creasing in size as the packers progress into 
the well hole and channel, it will be possible 
to cause the packers nearest the nozzle to set 
or anchor last after all of the other packers have 
been anchored and so give the entire length of 
conduit ample time to stretch and creep into the 
hole and channel to its maximum extent before 
Ely anchoring it against movement out of the 
Ole. 

Instead of using a drilling conduit that will 
elongate upon the application of internal pres 
sure, as above described, a conduit of the type 
illustrated in Fig. 8 may be substituted. Such a 
flexible conduit has heretofore been described 
and is so constructed that it decreases in length 
when pressure is applied to the interior thereof 
and elongates upon the release of such pressure. 
When this type of flexible drilling conduit is em 
ployed and it is desired to cause the hose to 
progress into the well hole and channel, the pack 
ers are deflated and unanchored, and additional 
sections of conduit added thereto if necessary. 
Thereafter the conduit is secured at the surface 
against movement out of the well hole, and this 
may be accomplished by preferably anchoring 
only the packer or packers adjacent the surface, 
or by securing the conduit at that point in any 
other desirable manner. Thereafter the pressure 
on the interior of the conduit is released, at 
which time it will elongate. And when the con 
duit has stretched or elongated to its maximum, 

'' which will be in a direction into the hole and 
channel, the packers are then Set Or anchored 
so as to anchor the conduit in the hole and 
channel in its foremost position. 
In order to flush the cuttings, etc. from the 

channel and remove them to the surface, it may 
be expedient to deflate the packers. Although 
this is not necessary as the cuttings, etc. can be 
constantly flushed out of the channel by the 
pressure on the acid or other fluid issuing from 
the nozzle and forced back out of the channel 
through tubes 3 formed on the packers and up 
out of the well hole. In lieu of relying on the 
acid and spent acid under pressure to force the 
cuttings, etc. to the surface, a fluid, such as water 
or a drilling mud, may intermittently be forced 
down through the conduit and out of the nozzle 
and into the channel to force the cuttings, etc. 
to the surface. 

It will not be necessary in all instances to 
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supply the packers with a fluid under pressure via 
the hose 4 in order to anchor them, as in some 
instances the hose 4 can be eliminated from the 
flexible conduit. In which instance the flexible 
drilling conduit 0 is utilized to convey both the 
acid solution and the fluid under pressure to in 
fate the packers. However when hose 4 is elim 
inated, it will be preferable to employ a modified 
type nozzle provided with the centrifugal sep 
arator 60, such as is illustrated in Fig. 14. 
The directional control of the nozzle or any 

other type of cutting member that may be emi 
ployed has hereinbefore been fully described, how 
ever such control of the nozzle and its direction 
will be materially assisted if the channel being 
formed contains a liquid, such as Water, acid solu 
tion, spent acid, drilling mud, etc., or any com 
bination thereof in which the cutting member can 
float or Substantially float. Moreover, the pres 
ence of such liquids in both the channel and the 
well hole serves to materially assist and make 
possible the creeping action of the flexible drill 
ing conduit as the same will Substantially float 
therein, and additionally this condition makes it 
possible for the drilling conduit to be readily With 
drawn from the channel and hole whenever de 
Sired. 

In lieu of using the nozzle 2a to drill the well 
hole or channel, a mechanical fluid pressure driv 
en tool such as the one 2b, illustrated in Fig. 15, 
may be employed. The cutting tool 2b may be 
used with or without an acid solution to assist 
its drilling operations. However, When acid is 
used with this tool, it will serve as the fluid under 
pressure to drive it, and in such case the acid will 
materially assist the tool in forming the channel 
in acid-Soluble formations. However, the cutting 
tool 2b will find particular application for drill 
ing in non-acid-soluble formations, in which case 
any suitable fluid under pressure, such as air, gas, 
water or drilling muds, may be employed to drive 
the cutting tool. However, it is to be understood 
that the fluid pressure driven mechanical cutting 
tool 2b is interchangeable for the nozzle 2a and 
its direction in the channel A is controllable in 
the Sane manner. 
Other modes of applying the principle of my 

invention may be employed instead of those ex 
plained, change being made as regards the meth 
od and apparatus herein disclosed, provided the 
step or steps stated by any of the following claims 
or the equivalent of such stated step or steps be 
employed. 

- I therefore particularly point out and distinctly 
claim as my invention: 

1. The method of forming a channel radiating 
from a Well hole, which comprises positioning a 
flexible conduit provided with a drilling member 
in said well hole and locating said member adja 
cent to the formation to be channeled, introduc 
ing a liquid into said conduit and directing it 
from Said member in the form of a jet so as to 
drill a channel radiating from said well hole, 
advancing said flexible conduit into the channel 
SO formed, and expanding portions of said con 
duit to anchor the same. 

2. The method of forming a channel radiating 
from a well hole with a flexible conduit and a 
jet of acid, which comprises introducing acid into 
a flexible conduit and directing it therefrom in 
the form of a jet, positioning said conduit adja 
cent to the formation to be channeled and drill 
ing a channel therein with said jet of acid, sub 
jecting the interior of said conduit to such pres 
Sures as will cause it to elongate and creep into 
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said channel, and expanding portions of said con 
duit to anchor the same. 

3. The method of drilling a Well hole in earth 
formations with a flexible conduit and a jet of 
acid, which comprises introducing acid into a 
flexible conduit and causing said acid to issue 
therefrom in the form of a jet, directing the end 
of said conduit to the earth formation so as to 
drill a channel therein, advancing the conduit 
into the channel formed in the earth formation 
by said acid, and expanding portions of said con 
duit so that they frictionally contact the walls 
of said channel and anchor the conduit therein 

4. The method of drilling a well hole with a 
flexible conduit provided with a nozzle adapted 
to eject a stream of acid therefrom in the form 
of a jet, which comprises feeding an acid solu 
tion through said conduit to said nozzle and di 
recting the acid issuing therefrom to drill said 
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Well hole, repositioning said conduit and nozzle 
in the well hole as the same is drilled by sub 
jecting the interior of said hose to such pressures 
as will cause it to elongate and creep forward 
into the hole formed by said jet. 

5. The method of drilling a well hole which 
comprises directing a fluid driven mechanical tool 
to the formation to be drilled, supplying a stream 
of liquid through a flexible conduit to said tool 
to drive the same, drilling a well hole in the for 
nation with said tool and a jet of liquid resulting 
from Said stream of liquid supplied to drive said 
tool, and causing said flexible conduit to progress 

the hole as it is drilled by said tool and liquid 
Je. 

6. The method of drilling a lateral channel 
radiating from a well hole with a flexible con 
duit and a cutting member adapted to eject a 
stream of acid supplied thereto in the form of a 
jet, and controllably directing said cutting mem 
ber and jet of acid issuing therefrom to drill said 
channel, which comprises ascertaining with rela 
tion to the earth's surface the depth of said chan 
nel wherein said cutting member is cutting said 
channel, and loading said cutting member with a 
fluid of selected specific gravity to control the 
Weight of said cutting member and thereby alter 
its direction within said channel. 

. The method of drilling a channel radiating 
from a well hole with a flexible conduit provided 
With a nozzle adapted to eject a stream of acid 
therefrom in the form of a jet, which Comprises 
feeding an acid solution to said nozzle through 
said conduit while positioned in the well hole, 
directing the acid jet to the formation to be 
drilled, repositioning said conduit and nozzle in 
Said channel as the same is drilled by Subjecting 
the interior of said conduit to such pressures as 
Will cause it to elongate and creep forward into 
the Well hole and the channel formed by said jet, 
and loading said nozzle with a fluid of a selected 
Specific gravity to control the weight of said noz 
2le so as to cause it to tilt in the desired direction 
Within Said channel to so change the direction of 
said nozzle and the channel being drilled thereby. 

8. The method of drilling a well hole which 
comprises directing a fluid driven mechanical 
tool to the formation to be drilled, supplying a 
stream of acid through a flexible conduit to said 
tool to drive the same drilling a well hole in the 
formation with said tool and a jet of acid result 
ing from Said stream of acid supplied to drive 
said tool, causing said flexible conduit to progress 
into the hole as it is drilled by said tool and acid 
jet, and loading said cutting tool with a fluid 
of Selected specific gravity to control the weight 
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of said tool so as to cause it to tilt in the desired 
direction within said hole and so change the 
direction of said tool and the hole being drilled 
thereby. 

9. The method of drilling a channel radiating 
from a well hole which comprises positioning a 
flexible conduit provided with a drilling member 
in said well hole and locating said member adja 
cent to the formation to be channeled, intro 
ducing an acid solution into said conduit and 
directing it from said member in the form of a 
jet so as to drill a channel radiating from Said 
well hole, forcing said flexible conduit into the 
channel so formed, expanding portions of said 
conduit to anchor the same in said channel, and 
adding a foaming agent to said acid solution so 
that said jet thereof will foam and after serving 
to drill the channel will be dispersed therein. 

10. A mechanism for subterranean boring com 
prising a drilling member adapted to eject a 
stream of fluid therefrom in the form of a jet, 
a flexible drilling conduit for supplying a fluid 
to said member, and an anchor interposed in 
said drilling conduit for anchoring the same in 
the well hole. 

11. A mechanism for subterranean boring com 
prising a drilling member adapted to eject a 
stream of fluid therefrom to drill the well hole, 
a flexible drilling conduit for supplying fluid to 
said member, an inflatible packer interposed in 
said conduit for anchoring the same in place in 
said well hole, and a hose for supplying fluids 
under pressure to said packer to inflate the same 
and anchor them in the well hole. 

12. A mechanism for subterranean boring com 
prising a flexible drilling conduit adapted to con 
vey a stream of fluid under pressure, a drilling 
member connected to said flexible conduit adapt 
ed to receive fluid under pressure therethrough 
and eject it in the form of a jet, a plurality of 
packers interposed throughout the length of said 
conduit adapted to receive fluid under pressure 
from said hose to inflate said packers and anchor 
them and said conduit and member in the well 
hole, and restricted ports in said packers to con 
trol the entry of fluid under pressure thereinto 
and the inflation and anchoring thereof. 

13. A mechanism for drilling well holes com 
prising a flexible drilling conduit adapted to con 
vey a stream of fluid under pressure, a nozzle 
connected to said flexible conduit and adapted 
to receive fluid under pressure therethrough and 
eject it in the form of a jet, a plurality of packers 
interposed throughout the length of said conduit 
adapted to receive fluid under pressure from said 
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conduit to inflate said packers and anchor them 
and said conduit and noticle in the well hole, and 
restricted ports in said packers of graduating 
selected sizes to controllably regulate the entry 
of fluid under pressure thereinto and the result 
ant inflation and anchoring thereof. 

14. A mechanism for drilling a well hole com 
prising a cutting member adapted to eject a 
stream of fluid therefron for cutting away the 
earth formation, a flexible drilling conduit for 
supplying fluid to said cutting member, an an 
chor interposed in said conduit for anchoring the 
same in place in said well hole, and a fluid by 
pass in said anchor to permit the earth cuttings 
resulting from said stream of fluid to pass the 
anchor. 

15. A mechanism for drilling well holes con 
prising a drilling conduit adapted to convey a 
stream of fluid therethrough under pressure, a 
cutting member connected to said conduit to 
receive fluid therefrom and eject fluid in the 
form of a jet to drill said well hole, and a fluid 
chamber having an inlet and an outlet associ 
ated with said cutting member adapted to receive 
fluid from said conduit to control the buoyancy 
of said cutting member. 

16. A mechanism for drilling well holes com 
prising a drilling conduit adapted to convey a 
plurality of immiscible fluids of different specific 
gravities therethrough under pressure, a packer 
interposed in said conduit and adapted to receive 
a fluid under pressure therefrom to inflate the 
same and anchor said conduit in the well hole, 
a cutting tool connected to said conduit and 
adapted to receive fluid under pressure there 
from and eject fluid in the form of a jet to drill 
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Said Well hole, a fluid chamber associated with 
said cutting tool adapted to receive fluid from 
said conduit to control the buoyancy of said 
cutting tool, and a fluid separator associated 
with said cutting tool to separate the fluids into 
a lighter and a heavier portion and direct the 
former to said chamber and the latter to an 
other part of said tool for ejection therefrom 
in the form of said jet. 

17. A mechanism for drilling well holes com 
prising a drilling conduit adapted to convey a 
stream of fluid therethrough under pressure, a 
fluid pressure driven cutting tool connected to 
said conduit and adapted to receive fluid under 
pressure therefrom to drive said tool, and a 
chamber associated with said tool adapted to 
receive a portion of said fluid under pressure 
to control the buoyancy of said tool. 

JOHN J. GREBE. 


