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Patented Jan. 9, 1951 2,537,605 

UNITED STATES PATENT of FICE 
2,537,605 

DRILLING| BORE. HOILES 

Benjamin W. Sewell, Tulsa, Okla, assignor to 
Standard Oil Developrent Company, a corpo 
ration of Delaware 

Application August 7, 1947, Serial No. 766,934 

1. 
The present invention is directed to a method 

and apparatus for drilling bore holes, and more 
particularly to a method and apparatus which 
pernits a continuous coring of the formation 
penetrated by the bore hole. 

In the conventional rotary drilling process a 
hollow drill pipe carrying a drill bit is caused to 
penetrate the earth while maintaining a cir 
culation of drilling fluid downwardly through the 
inside of the drill pipe, out through suitable eyes 
in the drill bit and up through the annular space 
between the drill pipe and the borehole Wall to the 
Surface. Where it is discharged into a pit for the 
Settling of cuttings. This drilling fuid is then 
pumped from the setting pit to the upper end of 
the drill pipe. This method of drilling, by rea 
Son of the direction of circulation of the drilling 
fluid, makes it impossible to obtain continuous 
cores of the formations penetrated. Moreover, 
in this method the upward flow of drilling fluid 
through the annular space mentioned above fre 
quently develops rather high velocity which tends 
to cause sloughing of the bore hole wall. 
According to the present invention the rotary 

drilling method is improved, first, by reversing 
the direction of flow of the drilling fluid so that 
it flows down Wardly through the space between 
the drilling pipe and the borehole wall and up 
Wardly through the drill stem. This in itself 
is not a new expedient. In previous embodiments, 
however, the circulation of the drilling fluid has 
been a forced circulation induced by applying 
pressure to the mud column in the annular space. 
This pressure tends to accelerate filtration of the 
fluid into porous formations and also to increase 
lost returns. According to the present invention 
these difficulties are avoided by merely maintain 
ing the annular Space full of fluid and inducing 
circulation by aerating the mud column inside 
the drill pipe for an appropriate distance below 
its top to create the necessary differential in pres 
sure head between the columns outside aid in 
side of the drill pipe to cause flow upwardly 
through the drill pipe. 
The principal object of the presnt invention 

is to provide a rotary method for drilling bore 
holes in which the conventional flow of fluid is 
reversed. With the column of fluid outside the drill 
stem existing under its own hydrostatic pressure. 
An additional object of the present invention 

is the provision of a method and apparatus of the 
character described in which provision is made 
for the collection of a limited number of cores 
during the drilling operation, which cores may 
be brought to the Surface. 
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A more Specifie object of the invention is the 

provision of a method and apparatus of the char 
acter described by which a bore hole may be 
drilled and continuous cores of the formations 
penetrated brought to the surface and recovered 
Without interrupting the drilling operation. 
A more specific object of the present invention 

is the provision in apparatus of the character 
described of means for breaking up a continuous 
core into relative short sections so that they may 
readily flow to the surface. 

Further advantages of the present invention 
will appear in the following detailed descrip 
tion of the accompanying drawing, in which . 

Figure.1 is a Wertical Section. Of a bore hole with 
an embodiment of the present invention in opera 
tive position and partly in Section; 

Figure 2 is a similar view of a modified form 
of the present invention; 

Figure 3 is a similar view of still another en 
bodiment of the present invention; 

Figure 4 is an enlargement of A- of Figure 3: 
and - 

Figure 5 is a vertical Section of an alternative 
form of the arrangement shown at the botton. 
of the drill stem in Figure 3. 

Referring to the drawing in detail, numeral 
designates - the earth penetrated by a hore hole 
in which is arranged a drill stem 3 carrying a 
conventional drill bit 4. The upper end of the 
drill stem is provided with the usual Kelly hav 
ing a Swivel joint 6. It will be understood that 
the Kelly is a pipe of non-circular cross secu 
tion and passes through a correspoidingly shaped 
hole in the rotary table. The Swivel joint above 
the Kelly is provided with the usual line which 
in this case is used to conduct drilling fluid into 
the mud pit instead of passing it down through 
the drill stem. Extending down into the drill 
stem is a pipe 8 which at its lower end is provided 
With a distributing head. 9. This pipe extends 
doWn into the drill stem a distance selected to 
give a rate of flow desired in the circulating drill 
ing fluid stream. In other words the higher the 
rate desired, the farther down int) the drill pipe 
this line. 9 is extended. The drilling mud is re 
turned from the mud pit to the annular space be 
tween the bore hole and the drill stem, by a pipe 
O which ordinarily can be an open ended pipe. 

discharging into said annular Space at a rate S13 f 
ficient to keep said space full of drilling fluid. 

In operating according to the present inveil 
tion, the annular space. and the drill pipe are 
filled with drilling fluid and circulation is started 
by starting the flow of gas through pipe 8. The 
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velocity of flow of the gas for a given position 
of the pipe 8 and for a given drilling mud will 
determine the rate of circulation of drilling mud. 
Thus the operator has two controls over this rate 
of circulation. For best results, according to the 
present invention, it is preferred that the vis 
cosity of the fluid be adjusted to between about 
10 and 30 centipoises and that its gel strength 
be maintained at a sufficiently low level to 
readily release the gas introduced through line 8 
when it is discharged into the mud pit. It will be 
appreciated that the drilling mud can be con 
stantly or periodically treated with chemicals 
commonly called defocculating or peptising 
agents such as sodium tannate, Sodium phos 
phate, sodium pyro-phosphate, sodium meta 
vanadate and the like which tend to hold down 
or reduce the viscosity of the drilling fluid so that 
it Will readily releaSegaS. 

In the embodiment shown in Figure 2 the drill 
stem is provided at its lower end with a core 
receptacle at the upper end of which is a stop 
2 having suitable passages 3 for the circulation 

of the drilling fluid. In this case the drill bit 
employed is a conventional core bit adiacent to 
which the core receptacle is provided with a core 
catcher 5. This core receptacle may be made 
any desired length depending upon the thickness 
of the section that is to be cored. 

In the embodiment shown in Figure 3 parts 
corresponding to those shown in Figure 1 bear 
the same numeral. This embodiment is designed 
for continuous coring while using the gas-lift 
princinle. To achieve this obiective the upper 
end of the drill stem 3 is provided with a plu 
rality of sections is each of which is composed of 
two concentric pipes. The inner-pine 7 has the 
same diameter as the drill stem, which in this 
case should be uniform from the surface Sub 
stantially to the drill hit. The otter pipe is 
snace? from the jinner-pine a distance sufficient 
to provide a passage for gas. In the lowermost 
section R, conduits 8 connect the annular gas 
nassage 9 with the inside of the inner-pipe 7. 
These conduits 8 are snaced from each other 
perinharally so that a sititable number of inlet 
norts is nrnvirier in the inner-nipe to instre 
fairly 11niform distribution of the gas in said 
nine. The ahitting ends of the sections 6 are 
litrevise nrovided with peripheralv Spaced con 
duits 2 & Which Serve to conduct gas from one an 
nular space f4 to another. One of these abutting 
endis is provided with an annular channel 2 
forming a sort of manifold with which the Con 
duits 2fy in the abt itting ends connect so that 
actual alignment of these conduits is unneces 
sary. 

In this embodiment as indicated above, the 
inner bore of the drill stem shot d be uniforn 
shstantiallv throughout its length. In order to 
facilitate the floating of the cores to the surface, 
there is provided near the end adiacent the core 
bit 22 a wedge-like member 23 affixed to the 
inner-Wall of the drill stem having its pointed 
end downward. As the core 24 moves upwardly 
in the drill stem, its upper end slides along the 
inclined plane formed by the wedge member 
which has an inclination such as to cause a por 
tion of the core to break off as its upward move 
ment continues. 

In Figure 5 is shown a modified form of the 
arrangement for breaking up the core into short 
lengths. In this case there is arranged in the 
drill stem 3 as a continuation of the central pas 
Sage of the core bit 22 a bent pipe 25. As the 
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4. 
Core moves upwardly through this pipe, it is 
deflected from the vertical in such a manner as 
to break into Segments of appropriate lengths. 
Upon leaving this pipe the Segments of the cor 
paSS upwardly through the drill stem. ?? 
At the upper end of the drill stem in the con 

tinuous coring embodiment there is connected to 
the Swivel 6 a goose-neck 26 which discharges 
drilling fluid and core segments from its open 
end onto a Screen 2 arranged in a vessel 28 and 
Spaced from the bottom thereof whereby drill 
ing fluid passing through Such Screen may leave 
the vessel by conduit 29 which discharges into 
the mud pit. 
Gas for the lifting of the drilling mud is ad 

mitted into the annular chamber 9 by a duct 
30 connected to a swivel gland 3 on which the 
flange 32 on the upper end of the outer pipe of 
the uppermost sections 6 rests. The swivel 
gland in turn rides on a flange 33 carried by a 
collar connected to a packing gland 35 mounted 
On the drill stem. 
AS previously indicated, in the practice of the 

present invention, one can employ as many sec 
tions 6 as desired. The uppermost sections 6. 
including the Swivel air gland and the packing 
gland may be a very short section which re 
mains permanently attached to the Kelly and 
to which othersections of the drill stem are added 
as needed. Usually the first few sections of drill 
stem added are of the type forming the lower 
portion of the drill stem without the annular gas 
chamber. As soon as the top 60 to 80 feet are 
drilled, a section corresponding to the lowermost 
Sections 6 is included in the stem, and circula 
tion of the drilling fluid by gas lift begun. It 
is clear, of course, that this can be started 
earlier. 

It will be appreciated that the method and ap 
paratus of the present invention are susceptible 
to many changes without undergoing any change 
in essential character. This invention provides 
not only the considerable advantages heretofore 
listed of avoiding difficulties usually attending 
reverse flow circulation of drilling fluid, but in 
addition eliminates the need for large expensive 
mud pumps. In view of the fact that the method 
of the present invention does not depend to any 
great extent on the viscosity of the drilling fluid 
for the lifting of cuttings and cores, it is desir 
able to utilize a diriling fluid having a strong sus 
pending power, such as, one including a highly 
colloidal clay. If desired, the lifting action of 
the drilling fluid may be augmented by utiliz 
ing a wellhead and applying a small amount of 
pump preSSure to the mud fed into the annular 
Space between the drill stem and the bore hole 
Wall. In addition mechanical de-aerators may 
be employed at the surface for facilitating the 
removal of the gas from the mud. Conventional 
Weighting agents and other mud addition agents 
may be used in the practice of the present inven 
tion. - 

The nature and objects of the present inven 
tion having been thus described and illustrated, 
what is new and useful and is desired to be se 
cured by Letter Patent is: 

1. A dirilling apparatus for the continuous cor 
ing of earth formations encountered in drilling 
a borehole comprising an upper portion of drill 
stem consisting of a plurality of threadedly com 
bined gas conducting drill pipe sections, each 
section being composed of two concentric pipes 
defining between them an annular passage for 
gas, Solid ring portions joining said concentric 

75 pipes at their ends and closing off said annular 
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passage, at least one of said ring portions being 
provided With an annular groove on its exposed 
Side, peripherally spaced conduits extending 
through Said ring portions longitudinally of said 
concentric pipes and in Substantial alignment 
With Said annular groovesso that the spaced con 
duitS in abutting gas conducting dirill pipe sec 
tions will communicate with said annular grooves, 
a lowermost gas conducting drill pipe section 
provided with a plurality of ports substantially 
uniformly spaced peripherally in the Wall thereof 
and establishing communication between the an 
nular groove in the end of the abutting gas con 
ducting drill pipe Section and the central bore 
of Said lowermost gas conducting drill pipe sec 
tion, a lower portion of drill stem compris 
ing conventional drill pipe attached to said 
lowermost gas conducting drill pipe section, 
a core bit attached to the lower end of said 
conventional drill pipe, a core-breaking wedge 
member affixed to the inner wall of said conven 
tional drill pipe at a point intermediate said core 
bit and Said lowermost gas conducting drill pipe 
Section, means for introducing gas into the an 
nular gas paSSage in the uppermost of said gas 
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conducting drill pipe sections, and means for 
introducing a liquid into the annulus between 
Said drill Stem and the walls of the borehole. 

2. Drilling apparatus according to claim 1 in 
cluding means for regulating the pressure of the 
gas introduced into the annular gas passage and 
thereby regulating the rate of upward flow of 
liquid through the center of the drill stem. 

BENJAMIN W. SEWELL. 
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