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This invention pertains generally to sampling 
sub-surface formations by coring. More partic 
ularly, it deals with an improvement in the art 
of sampling formations at the botton of a hole 
by employing reverse-circulation drilling to cut 
the core and circulate it to the Surface in a core 
barrel. 
AS used herein 'direct circulation' refers to 

circulation of the drilling fluid downwardly in 
the drill pipe in a drilling well and upwardly in 
the well outside the drill pipe. “Direct-circula 
tion drilling' is defined as drilling which is car 
ried on while the fluid is in direct circulation. 
Conversely, “reverse circulation' as used herein 
refers to circulation of drilling fluid upwardly in 
the drill pipe in a drilling well and downwardly 
in the well outside the drill pipe. 'Reverse-cir 
culation drilling' is therefore drilling which is 
carried on while the fuid is in reverse circula 
tion. 
In the art of sampling deep Subterranean for 

mations by circulating cores to the surface in the 
drilling fluid, two general methods have been 
practiced. In one a core barrel is employed ad 
jacent the bit, and in the other the core frag 
ments are transmitted to the surface through the 
drill pipe directly as the cores are cut and broken 
Off. 

In the former method a core barrel is puriped 
to the bottom by direct circulation and held in 
position contiguous to the drill bit, as a general 
rule by the pressure of the drilling fluid, while 
the core is cut and deposited in the barrel. Con 
Stricted ports are provided around the core bar 
rel which by the pressure drop of the fluid tend 
to hold the barrel in position at the bit where it 
receives the cores as they are cut. When the 
barrel is full of cuttings or cores, reverse cir 
culation is employed to transmit the barrel con 
taining the cuttings or cores to the surface in the 
drilling fluid. This method of coring has many 
advantages over previous methods of coring in 
which all of the drill pipe had to be retracted in 
order to recover the core. However, many of 
the limitations of the earlier practices are re 
tained in this method. For example, the wash 
ing action of the drilling fluid which tends to 
dissipate the core also tends to prevent the core 
particles from entering the barrel, due to the 
use of direct-circulation drilling, and "accord 
ingly a recovery of as low as 10-30 percent of 
the core is not uncommon, especially where the 
formation cored is relatively-porous. 
The Second i general method of coring forma 

itions employs reverse-circulation drilling - either 
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with or without a core barrel not only for cutting 
the core but also for removing it to the surface 
through the drill pipe. This method isºan im 
provement upon the previously described method 

COre barrel. 

2 
of the Crumbled core particles to be removed 
with the core. In the case of coring by reverse 
circulation without a core barrel, I have found 
that many difficulties are encountered in that 
the Small core particles and cuttings tend to rise 
in the drill pipe at different rates, depending 
upon size and shape of the particles. There is 
a tendency for two particles or a fragment and 
a full-diameter core to pass in the drill pipe and 
to wedge therein and plug the drill pipe. Fur 
thermore, such cores are invariably broken in 
random lengths, and certain lengths cannot be 
transmitted in the fluid through the drill pipe 
without also wedging and plugging the drill pipe 
and consequent loss of time, etc. In the case of 
coring by reverse circulation with a core barrel, 
many of the disadvantages of the previously de 
Scribed processes have been overcome. For ex 
ample, the per cent core recovery is substantially 
increased and the plugging of the drill pipe as 
previously described is completely avoided. 
However, even in this improved process consid 
erable drilling time is lost in recovering the core 
barrel after the core has been cut and deposited 
in the barrel. Prior to my invention it has been 
necessary to stop drilling and lower an unlatch 
ing mechanism to the barrel and then either lift 
the barrel or circulate the barrel to the surface. 
It is, therefore, an object of this invention to 

provide an improved method for coring a sub 
terranean formation. Another object of this in 
vention is to provide a method of coring sub 
terranean formations wherein a core barrel is 
employed during reverse-circulation drilling, and 
Wherein. Such core barrel and core are removed 
from the drill pipe by reverse-circulation drill 
ing. It is another object to provide an improved 
coring device which can be circulated down the 
drill pipe and latched in position adjacent the 
drill bit to take a sample of the formation dur 
ing reverse-circulation drilling, and, after taking 
such sample, which can be released without dis 
continuing drilling operations and lowering a 
tool into the drill pipe to release and/or lift the 

It is another object of this inven 
tion to provide a latching and releasing means 
for holding a core barrel in position adjacent 
the bit of a drilling device, the latching and re 
leasing means being adapted to remote control 
whereby the drill stem does not have to be re 
moved from the hole or a releasing tool other 
wise lowered into the drill pipe to retrieve the 
core or core barrel. Further objects and advan 
tages of this invention will be apparent from the 
following description taken with the drawings in 
Which: 

Figure 1 is a view with a fragmentary central 
longitudinal section through the lower portion 
of a drill stem equipped with and showing a form 

in that the recovery is increased by the tendency 60 of apparatus used in my invention; 



3 
Figure 2 is a transverse Section on the plane 

2-2 of Figure 1 showing certain operational fea 
tures of one embodiment apparatus employed in 
my invention; 

Figure 3 is a view partly in section and Figure 
4 is a sectional view of apparatus according to 
my invention, employing alternative principles 
for latching the core barrel adjacent the bit and 
releasing the core barrel; and - 

Figure 5 is a fragmentary longitudinal section 
taken on plane 5-5 of Figure 4 showing cer 
tain operational features of that apparatus. 
By this invention the previously described 

processes or methods have been improved by 
employing reverse-circulation drilling, not only 
to cut the core and deposit it in the barrel, but 
also to circulate the core to the Surface in a 
barrel Without Substantial loss of drilling time. 
Improved apparatus is also provided to release 
the Core barrel remotely when a desired amount 
of core has been cut. Inasmuch as drilling may 
proceed during the time the core is being re 
moved, considerable drilling time as well as the 
cores are saved by this invention. 

Referring now to Figure 1, the lower end of a 
drill pipe 0 is illustrated to show generally the 
location of the novel apparatus employed in the 
Operation of this invention. The remainder of 
the drill pipe, including a core catcher at the 
surface, can be standard equipment such as 
shown in U. S. Patent 2,135,737 Stokes, and so for 
clarity is not shown or described here. A drill 
pipe enlargement f f is provided at the lower 
end of drill pipe O providing a fluid passage 2 
between core barrel 3 and the enlargement . 
As explained in greater detail hereinafter, this 
paSSage provides means for fluid to bypass the 
core barrel during the time that a core is being 
Cut and deposited in the core barrel 3. This 
core barrel 3 has an external diameter nearly 
equal to the internal diameter of drill pipe O, 
whereby fluid circulation in the drill pipe tends 
to move the core barrel by piston action. Sealing 
means Such as rubber ring 4, cups, or the like, 
however, may be attached to the core barrel 3 
to provide a better seal between the core barrel 
and the drill pipe, thus tending to produce a 
more positive piston action in the core barrel. 
A Special collar f is attached to the lower end 
of enlargement f . This collar preferably has 
an internal bore 6 which has substantially the 
Same diameter as the external diameter of core 
barrel 3. The special collar is also provided 
With a fluid passage 7, the function of which 
will be explained in greater detail hereafter. A 
latching device f8 is provided at the lower end 
of the Special collar 15. This latching device 
is adapted to hold core barrel 3 in position ad 
jacent the bit while the core is being cut even 
though the fluid is being circulated upwardly in 
the drill pipe. The latching device consists of 
a latch 19 which rotates on pin 2. This pin im 
turn is anchored in the special collar 5 as 
shown more clearly in Figure 2. The latch is 
provided with a hook 22 which is adapted to 
engage the core barrel in a groove 23, thus hold 
ing the core barrel in position. The latch is 
actuated by a variable-diameter groove or cam 
24 in the body of valve 25 as shown. When drill 
pipe O is turned rotated clockwise looking down 
from the Surface whereby shoulder 26 on special 
collar 5 contacts the shoulder 2 on valve 25, 
latch 9 takes the position shown in groove 24. 
That is, the hook 22 engages groove 23 holding 
the core barrel i3 in the position shown. Walve 
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4. 
25 is held in position adjacent special collar 5 
by a sleeve 28 in such a manner that fiuid paSSage 
29 in the valve is in alignment with fluid passage 
fl of special collar 5. Special collar 5 and 
valve 25 are each provided with projections 3 
and 32, respectively, which prevent rotation ex 
cept over a Small angle 6, as shown in Figure 2. 
When projection 3 is moved by the clockwise 
rotation of the drill pipe, shoulder 26 engages 
shoulder 2 of the projection 32, tending to drive 
the bit, which is attached to the valve by threads 
33. At the same time ports 29 and li are brought 
into communication whereby fluid passes freely 
through the communicating portS. 
When a sufficient amount of core has been 

collected in core barrel 3, the core barrel is re 
motely released. As used in this specification 
and the appended claims "remotely released' 
In eans that the core barrel Which is latched in 
position adjacent the bit, to receive the core is 
unlatched or released by the action of the drill 
pipe or the core and Specifically excludes the use 
of actuating means inserted into the drill pipe 
and lowered to the core barrel to release any 
latching means employed for holding the core 
barrel adjacent the bit during reverse-circula 
tion drilling. The drill pipe is rotated counter 
clockwise, bringing shoulder 34 of projection 3 
into contact with shoulder 35 of projection 32. 
That is, there is relative rotation between the 
drill pipe and the bit through an angle 6, which 
at the same time rotates port 29 with respect to 
port T through an angle 6 as shown in Figure 2, 
thereby closing this fluid passage. By this same 
relative rotation latch. 9 is moved by cam 24 
disconnecting hook 22 from groove 23 and re 
leasing core barrel 3. Inasmuch as reverse 
circulation drilling is employed to cut the core, 
the fluid movement in the drill pipe now tends 
to raise the core barrel in drill pipe 9. Means 
are, as Stated above, provided at the surface for 
catching this core barrel and unloading same. 
Drilling may obviously proceed as usual even 
though the core barrel has been removed. When 
the core has been removed from core barrel 3, 
the barrel may again be inserted into the drill 
pipe 0 and pumped into position at or adjacent 
the bit by circulating fluid down the drill pipe, 
i. e., by direct circulation. When the core bar 
rel is in position, the drill pipe may again be 
rotated in leverse temporarily and then turned 
clockwise to move upper special drill collar 5 
with respect to valve.25 and latch core barrel 
f3 into position as shown. While I have shown 

5 in this embodiment only one fluid passage com 
prising ports 29 and if, it is obvious that two 
or more Such fluid passages could be provided 
and also that two or more latching devices could 
be provided. I have found also that a core 
catcher 36 may be employed to some advantage 
in Some cases. V - V 
The embodiment of this invention as shown in 

Figure 3, like that embodiment shown in Figure 1, 
is directed to a device for holding a core barrel 
in position adjacent a bit during the time that 
a core is being cut by reverse circulation. Means 
are also provided for remotely releasing the core 
barrel, thus saving valuable drilling time. In this 
embodiment the core barrel is held in position 
merely by the weight on the drill pipe to. At the 
lower end of the drill pipe a spline 40 between 
mandrel 4 and sleeve 42 permits longitudinal 
motion of the drill pipe O relative to the sleeve 
42 and the bit without permitting. rotation there 
between. A shoulder 43 on mandrel 4 is adapt 
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lation drilling, remotely releasing said core barrel 
containing Said Sample, and raising said core 
barrel through said drilistem by reverse circula 
tion of the drilling fluid. 

6. A method of Sampling the formations pene 
trated by a bit at the end of a drill stem com 
prising passing a core barrel by direct circulation 
through said drill stem to a position adjacent 
Said bit, maintaining said core barrel in said 
position, cutting a sample of said formation and 
displacing it into said core barrel by reverse 
circulation drilling, remotely releasing said core 
barrel containing Said Sample, and raising said 
core barrel through said drill stem by reverse 
circulation of the drilling fluid. 

7. A method of Sampling formations pene 
trated by a bit at the end of a drill stem com 
prising lowering a core barrel through said drill 
stem to a position adjacent said bit, rotating 
Said drill stem in one direction to latch said core 
barrel in said position, cutting a sample of said 
formation and displacing it into said core barrel 
by reverse-circulation drilling, rotating said drill 
stem in the opposite direction to release said core 
barrel containing said sample and raising same 
through said drill stem by reverse circulation of 
the drilling fluid. 

8. A method of sampling subterranean forma 
tions penetrated by a bit at the end of a drill stem 
in the process of rotary drilling, comprising 
lowering a core barrel through said drill stem 
to a position adjacent said drill bit, cutting a 
Sample of Said formation and displacing it into 
said core barrel, releasing said core barrel by 
raising said drill stem, and raising Said core bar 
rel through said drill stem by reverse circulation 
of the drilling fluid. 

9. A method " of » sampling formations pene 
trated by a bit at the end of a drill stem in the 
process of rotary drilling, comprising lowering a 
core barrel through said drill stem to a position 
adjacent said bit, lowering said drill stem to 
atch said core barrel in Said position, cutting a 
sample of said formation and displacing it into 
said core barrel by reverse-circulation drilling, 3. 
raising said drill stem to release said core barrel 
containing Said Sample, and raising said core 
barrel containing said Sample through Said drill 
stem by reverse circulation of the drilling fluid. 

10. In an apparatus for sampling the forma 
tions penetrated by a bit at the end of a rotary 
drill stem comprising a core bit attached to the 
lower end of said drill stem to cut a core, a core 
barrel, a latch for said core barrel at the lower 
end of said drill stem adjacent said bit, said 
latch being operable to hold said core barrel at 
the lower end of said drill stem during reverse 
circulation drilling; and means for remotely ac 
tuating said latch to release said core barrel 
whereby said core barrel may be lowered through 
said drill stem and latched in position adjacent 
said bit by direct circulation during the process 
of reverse-circulation drilling, and Said core 
barrel containing said sample may be raised 
hydraulically through said drill stem without 
materially interfering with drilling operations. 

11. An apparatus for sampling formations 
penetrated by a bit at the end of a rotary drill 
stem comprising means to latch said core barrel 
in position adjacent said bit by rotation of Said 
drill stem in a clockwise direction, means to cut 
a sample of said formation and displace it into 
said core barrel, and means to release said latch 
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8 
ing means by rotating said drill stem in a coun 
terclockwise direction whereby said formations 
may be sampled by reverse circulation drilling 
and Said core barrel containing Said Sample may 
be raised to the Surface through said drill stem 
by reverse circulation of the drilling fluid. 

12. An apparatus for Sampling formations 
penetrated by a bit at the end of a rotary drill 
stern comprising a core barrel, a latch adapted 
to hold said core barrel in position adjacent said 
bit, cam means adapted to actuate Said latch 
by relative rotation between said drill stem and 
said bit, a fluid by-pass around said core barrel, 
a valve in Said fluid passage operated by Said 
relative rotation, said valve being adapted to 
open and said latch being adapted to close by 
rotation of said drill stem in a first direction, 
and said valve being adapted to close and said 
latch being adapted to unlatch when said drill 
stem is turned opposite to said first direction, 
whereby said core barrel is retained adjacent 
said bit during reverse-circulation drilling and 
is remotely released by rotation of Said drill stem 
to permit said core barrel to be raised through 
said drill stem to the surface by piston action 
during reverse circulation of the drilling fluid. 

13. An apparatus for sampling formations 
penetrated by a bit at the end of a drill stem 
comprising a core barrel, means adapted to latch 
said core barrel in position adjacent said bit 
when the weight of said drill stem is placed upon 
said bit, means to cut a sample of said forma 
tion and displace it into said core barrel, un 
latching means adapted to release said core 
barrel from Said position by removing the Weight 
of said drill stem from said bit, whereby said 
core barrel may be lowered to and latched in 
said position, said sample may be cut by reverse 
circulation drilling, and raised to the surface 
through said drill Sten by reverse circulation 
without materially interfering with drilling 
operations. - . 

14. In an apparatus for Sampling subterranean 
formations penetrated by a bit at the end of a 
drill stem comprising a core barrel, said core 
barrel defining a recess therein, a mandrel con 
nected to the lower end of Said drill stem, a 
sleeve connected to said bit and slidably dis 
posed about said mandrel, projections on said 
mandrel and on said sleeve adapted to permit 
limited relative longitudinal movement and to 
prevent relative rotation between said mandrel 
and said sleeve, spring catches associated with 
said mandrel, said catches being adapted to be 
displaced radially by said sleeve into said recess 
to hold said core barrel when said mandrel and 
said sleeve are in a compressed position, whereby 
said catches are released remotely by raising said 
drill stem to permit said core barrel to be raised 
through said drill stem by reverse circulation of 
said drilling fluid. 

RALPH L. HENDRICKSON. 
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