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* This invention pertains generally to the art
of - sampling formations by coring. More par-
ticularly, it deals with an improvement in the
art of sampling formations at the bottom of a
hole by circulating cores from such formations
to'the surface in the drilling flyid. ’

- -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 the first a core barrel - has heen
pumped to the bottom by direct circulation and
held in position contiguous to the drill bit by
the pressure of the drilling fluid. ‘That is, the
constricted ports around the core barrel cause a

pressure drop in the drilling fluid sufficient to !

hold the barrel in position at the bit to receive
the cores as they are cut. When the barrel is
full of cuttings or cores, the circulation of the
fluid is reversed; i. e., the fluid is circulated
downward in the well and upward in the drill
stem, and the barrel containing the cuttings or
‘cores is circulated to the surface in the drilling
fluid.- This method of coring has many advan-
tages over previous methods of coring in which
all of the drill pipe had to be retracted.in order
to recover a.core. However, many of the limita-
tions of the earlier methods are retained in this
method in that the washing action of the drill-
ing fluid tends to dissipate the core .and a re-
‘covery as low as 10 to 30 per cent is not un-
common, especially where.the formation cored is
relatively porous. The use of this method. also
is limited in that in order to remove the core
from the drill pipe drilling must be halted, the
drill pipe must be raised, the kelly removed, and
means provided at the surface for catching the
Barrel and for eirculating.the drilling fluid back
to the settling pit as it rises out of the drill stem

during the time that the core is being pumped:

to the surface. - This method is also of limited
application in that the core must be recovered
in a core barrel, which must of necessity be lo-
cated contiguous to the bit, ' ~

. The above-described method has been im-
proved by completely eliminating the use of a
core barrel and circulating the core fragments
to. the surface through the drill string as they
are cut by reverse circulation of the drilling fluid.
Under this improved method the recovery is sub-
stantially improved. For example, it is not un-
common to obtain a core recovery of 97 to 100
per cent in porous formations which under pre-
vious methods gave a recovery of less than 50
per cent. This improved process has, however,
not received wide application in the art in that
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standard drilling apparatus commonly employed
in rotary drilling cannot be adapted to this meth-
od without major changes. For example, in a
standard drilling rig it is not uncommon to use
4% drill pipe with a kelly which has an internal
diameter of only 2-3'. In order that cores may
be circilated to the surface under this type of
operation the drill pipe, kelly, swivel, ete., must
have essentially identical inside diameters. That.
is, in order that the core will be lifted by the
drilling fluid a core must be cut which will prac-
tically fill the drill pipe, kelly, ete., and obviously
no internal diameter in the path can be less than
the diameter of the core, A core having a diam-
eter appreciably smaller than the internal diam-
eter of the drill pipe will tend to be bypassed by
the drilling fluid and cores will be lodged in the
drill pipe, shutting off the circulation of the drill-
ing fluid. This obviously necessitates either us-
ing a second string of drill pipe having an in-
ternal diameter substantially equivalent to the
internal diameter of the kelly or increasing the
size of the kelly so that its internal diameter
is substantially equal to the internal diameter
of the standard drill pipe: Changes-of this na-
ture require major expenditures and a great de-
crease in drilling efficiency.’ .

"I have overcome the disadvantages inherent in
the above-mentioned coring processes and by my
improvement standard drilling rigs used.in ordi-

" hary drilling can be readily and quickly adapted

to a reverse-circulation coring rig. My inven-
tion, therefore, comprises the location of a suit-.
able core catcher in a drill string at or near the
lower. end of the kelly. Thus ;cores having-a
diameter substantially equivalent-to the internal
diameter of the standard drill pipe may be cut,
floated substantially.to the surface in the drill-
ing fluid, and caught in a core barrel so that the
core can be- readily removed without removing
all of .the drill string from the well. 2
. It is therefore an object of this invention to
provide a novel apparatus to facilitate the re-
covery of samples of a formation from the bot-
tom of a drilling well. It is another object of
this invention to provide a means for adapting
a standard drilling rig so that it may be used
for sampling formations by reverse-circulation
coring. A still further object of this invention is
to provide a core catcher which may be located
in a drill string near the surface and which will
catch cores as they are being pumped to the
surface in the drilling fluid without materially
affecting the flow of drilling fluid through the
drill pipe. Other objects and advantages of this
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invention will become apparent as a description
thereof proceeds.

My invention will be described with reference
to the drawings, in which similar reference nu-
merals are applied to the same or corresponding
parts, and in which

Figure 1 is a diagrammatic cross section of a
drill string having incorporated one embodiment
of my invention; and

Figure 2 is an alternate embodiment of my
invention adapted to be placed in the drill string
shown in Figure 1. )

Tn Figure 1 drill pipe 0 has attached at-its
lower end a core bit | which will cut a core hav-
ing a diameter slightly smaller than the internal
diameter of the drill pipe 0. My core barrel
§2 is located near the upper end of the drill pipe

10 and attached thereto as shown. Preferably -

this core barrel is Iocated contiguous to the kelly
13, inasmuch as all of the drill string above the
core barrel i2 must be removed from the well
each time a core is removed from the core har-
rel as will be shown in greater defail herein-
after. Obviously this barrel can be placed at
any position in the drill sfring, provided that
it must always be placed below a consfriction in
the internal diameter of the string; but fo facili-
tate the removal of cores it is, as indicated above,
preferably placed immediately below the kelly.
The core barrel {2 may be attached, for exam-
ple, to the kelly 13 through an adapter i4. The
core barrel 12 has an internal diameter 5 sub-
stantially greater than the drill pipe internal
diameter 6. Tubular perforate means {7 is
Jocated at the upper end of core barrel 2. It
¢omprises, for example, a tube having a mul-
tiplicity of perforations (8 in the walls and a
partially closed lower end 18. The upper end
20 may be threaded for attachment to adapter
18, This tubular perforated means prevents a
core from entering the constricted area above
but does not impede the flow of drilling fluid.

Near the lower end of core barrel 12 a core

catcher 21 is provided for retaining g sample or
core in the core barrel. More particularly, core
catcher 21 is adapted to permit cores having a
diameter substantially equal to drill pipe internal
diameter 16 to pass upward therethrough but to
prevent core movement in the opposite direction.
Thus when circulation of the drilling fluid up-
ward through the drill pipe and core barrel
¢eases, the core but for core catcher 21 would
fall through drill pipe 10 to the bottom of the
well. :

‘As indicated above, the internal diameter 15 of |

core barrel 12 being substantially larger than
the drill pipe internal diameter (6 will permit
free passage of drilling fluid around the cores
which are retained in core barrel i2 by per-
forate means 11. Thus large-diameter cores
which would not pass through the kelly {3 due
to its smaller internal diameter 22 are retained
in the drill string below the kelly and can be
removed by merely raising the upper end of the

drill pipe 10 to the surface and disconnecting the ¢

core barrel at its lower end 23.

In Figure 2 an alternative embodiment of my
core barrel is shown. In this embodiment the
sample or core is refained in an inner perforate
core tube 25 which is adapted to retain the core
at the center of the outer core barrel and thus
permit free passage of the drilling fluid in the
annulus 26. This inner perforate core tube 25
may be threadably attached fo adapter id so
that it may be removed from the core barrel 12
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with adapter 14 and kelly i3 by disconnecting
core barrel 12 at the upper end from adapter
14. A core stop 21 is located at some interme-
diate point in inner perforate core tube 25 and
is adapted to limit the upward movement of cores
therein and thus prevent a core from lodging in
adapter 14 and shutting off circulation of the
drilling fiuid.. Perforations {8 are provided both
above and below this core stop 27. Near the
lower end of inner perforate core tube 25 a core
catcher 21 is fitted and serves the same purpose
as the core catcher described in connection with
Pigure 1 hereof.

In operation core fragments cut from the bot-
tom of the well while using reverse circulation
of the drilling fluid are pumped up the drill pipe
{0 with the fluid, and separafed from the fiuid
ifi inner perforate core tube 25 for an appreci-
able period of time, preferably until the barrel
is full of core and circulation is impeded by the
lodging of cores in the constriected area of the
drill pipe 0 below core bharrel 12. The drill
string is then lifted so that the kelly {3, adapfer
{4, and inner perforate core tube 25 may be dis-
connected from the remainder of the drill string
for removal of the accumulated core from inner
perforate core tube 25. By removal of core catch-
er 21 from the lower end of the inner perforate
core tube the core can be removed for observation
and filing.

While I have described my invention with ref-
erence to particular embodiments in which cores
are floated to the surface in the drilling fluid
as they are cut from the bottom of the well by
bit 1t, it will be apparent that my invention is
not limited to the particular embodiments shown.
For example, my tore catcher is adapted to catch
core barrels such as are employed in the first-
deseribed method used in the prior art. This in-
vention is therefore to bé limited only by the
scope of the appended claims.

I claim: .

1. In a rotary core drill apparatus in which
cores are cut from the formations near the bot-
tom of 4 well and pumped to the surface in the
drilling fluid through the drill string the im=-
provement comprising méans in the upper end ‘of
said drill string to catch said cores and a fluid
passage through said first-named means whereby
the catching of a core will not materially ‘affect
the flow of said drilling fluid.

2. In a rotary core drill apparatus in which
cores are cub from the formations near the bot-
tom of a well ‘and pumped to the surface in the
drilling fluid through the drill pipe the improve-
ment comprising a core barrel connected to said
drill pipe adjacent tc the upper end thereof,
said core barrel having an internal diameter Sub-
stantially greater than the internal diameter of
said drill pipe, perforate means within said core
parrel, said perforate means being adapted to
separate said ‘cores from said drilling fluid, and
means to retain said cores in said core barrel.

8. In a rotary core drill apparatus in which

- cores are cub from the fermations near the bot-

75

tom of & well and pumpéd to the surface in the
drilling fluid through the ‘drill pipe the improve-
meént comprising a core barrel connected to said
drill pipe adjacent to the upper end thereof, said
core barrel having an internal diameter substan-
tially greater than the internal diameter of said
drill pipe, perforate means at one end of said
core barrel, and core retainer means at the other
end whereby said cores will be caught in ‘said
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€ote batirel without materially impeding the flow
of drilling fluid therethrough.

4. In a rotary core drill apparatus in which
cores are cut from the formations near the bot-
tom of a well and pumped to the surface in the
drilling fiuid through the drill pipe the improve-
ment comprising an enlargement in the flow
channel within said drill pipe, a perforated core
tube within said enlargement, means at the upper
end of said core tube to prevent the passage of
cores therethrough, and means at the lower end
of sald core tube adapted to permit said cores
to enter said core tube and to prevent exit of said
core, the overall diameter of said core tube being
substantially smaller than the internal diameter
of said enlargement, whereby said core is re-
tained in said core tube without madterially affect-
ing the flow of drilling fluid through said drill
pipe.

5. In a rotary well drilling apparatus employ-
ing a drill string, a core bit at the lower end of
said drill string, said core bit being adapted to
cut & core having a diameter substantially equal
to the drill pipe internal diameter from the for-
mations at the bottom of said well, a kelly having
an internal diameter substantially less than said
drill pipe internal diameter, a core catcher in
said drill string at a substantial distance above
said core bit but below any substantial restric-
tion in the internal diameter of said drill string
and a fluid passage through said core catcher
whereby said cores may be pumped up said drill
string with the drilling fluid, retained in said
core catcher and removed from said core catcher
while drilling proceeds, for observation without
removing all of said drill string from said well.

6. In a rotary well drilling apparatus employ-
ing a drill string, a core bit at the lower end of
said drill string, g kelly having an internal diam-
eter substantially less than the internal diameter
of said drill pipe, the improvement which com-
prises a core barrel adjacent said kelly and com-
municating at its lowér end with said drill string,
said core barrel comprising a resilient constric-
tion in a lower portion thereof adapted to permit
only the upward passage of the suspended core
and drilling fluid, and means in the upper por-
tion of said core barrel adapted to prevent the
travel of the core while permitting the substan-
tially unimpeded flow of the drilling fluid from
said core barrel.

7. In a method of sampling formations where-
in a plurality of cores are cut by a drill bit in the
process of drilling the formations and the core
samples are retrieved for inspection at the sur-
face, the improvement comprising the steps of
floating the individual cores upwardly within the
drill pipe, entrapping a plurality of successive
core samples within the uppermost portion of
the drill string while permitting the drilling fluid
to pass substantially unrestricted from the drill
pipe, periodically terminating the drilling op-
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eration and circulation of drill fluid, and retrieve
ing. the accumulated core samples.
:8:In a rotary core drill apparatus in which
cores are cut from the formations near the bottom
5 of a well and pumped to the surface in the drilling
fiid through the drill string the improvement
comprising a core barrel within and adjacent to
the upper end of said drill string, a core tube
within said core barrel, the overall diameter of
Sald core tube being substantially smaller than
the interior diameter of said core barrel whereby
uid passage is left therebetween, means at
the upper end of said core tube to prevent the
Sage of cores therethrough, means at the lower
d. of said core tube adapted to pérmit said
Lcores to enter said core tube and to brevent exit
of said core, and means at each end of said core
barrel to permit fluid fiow through said core
barrel around a captured core. -
9. In a rotary core drilling apparatus in which
cores are cut from the formations being drilled
and pumped to the surface in the drilling fluid
- within the drill pipe, the improvement compris-
-ing a core barrel adjacent the upper end of said
drill pipe, the internal diameter of said core har-
“rel being substantially greater than the internal
-diameter of said drill pipe, g resilient core re-
tainer within said core barrel adapted to permit
~the flow of drilling fluid and the core thereabove,
‘and core stop means within said core barrel and
above said resilient core retainer adapted to en-
-trap the core therebelow within said core barrel
“and to permit fluid flow thereabove, whereby said
. core is retained within said core barrel adjacent
35 the upper end of the drill pipe without materially
- Tetarding the flow of drilling fluid through said
- drill pipe,
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