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9 Claims.

1

_This invention is concerned with coring in bore
holes and provides novel apparatus to the end
that cores may be taken in rotary drilling oper-
ations and the like without contamination of the
core and without loss of fluid therefrom.

In recent years, increasing attention has been
paid to core analysis in oil well drilling and
the like. Data obtained from cores taken in such
drilling are used in evaluation of oil reserves,
in estimating the productivity and ultimate pro-
duction of- oil sands, in planning oil field de-
velopment programs and for several other pur-
posés. - Heretofore, the data obtained in many
coring operations has been misleading due to er-
ratic contamination of the cores by drilling fluids
and to loss, prior to analysis, of fluids originally
contained in the cores.

There is a distinct need for a coring device

which will permit the taking of a core on the
bottom of a hole without contamination of the
coré (either in the coring operation per se or in
bringing the core to the surface and thence to
the laboratory) and without the loss of formation
pressure with consequent expulsion of the major
poftion of liquid and gas from the core.
_“As a result of my investigations, I have de-
veloped a core barrel apparatus of the pressure
type (i. e. one in which the coring tube or barrel
is: pressed downwardly into the formation to be
sampled) so constructed that contamination of
the sample during the coring operation is pre-
vented in large measure, the sample being sealed
immediately after it is taken from the bottom of
the hole, so that any fluid in the core may be
brought to the surface within the barrel at forma-
tion pressure and thus retained.

The apparatus of my invention results in more
accurate core information, with the result that
interpretation of the data taken from the cores is
likewise more accurate and permits more nearly
correct evaluation of oil field properties, better
estimates of reserves and more accurate location
of oil-water interfaces within an oil producing
formation to the end that there may be improved
recovery therefrom by gas or water injection. To
be more specific, the pressure core barrel of my
1nvent10n gives superior results in the determina-
tion of reservoir content, in the location of gas
caps and oil producing formations, and in the
determination of the content of the gas cap.
:'With pressure-typecorebarrelsheretoforeavail-
able, the cores have been taken while surrounded
by drilling fluid. When these cores are removed
from the hole, the volume of the cores represents

in many cases only 25% of the volume under pres- 8
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sure within the core barrel, the remaining 75%
being drilling fluid. As a result, the measure-
ment of oil contained in the core is reasonably ac=;
curate, but the amount of water is distorted due
to the invasion of drilling fiuid. ‘This problem is
solved by the instant invention. :

To summarize, the pressure core barrel of my
invention has the following advantages: ]

a. Simplicity and inherent ruggedness of con-
struetion, with few movmg parts and simple op-ﬁ
eration; j

b. Ability to extract duplicate cores, thus pro-
viding check samples; .

¢. The prevention of most of the contamination,
of and loss from cores which has heretofore
occurred, since nearly all of the volume within
the sealed core barrel is occupied by the sample
itself; the drilling fluid is excluded from the cor-
ing zone during the coring operation; and the
sample is sealed at formation pressure m the bot—'

" tom of the hole.
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In essence, my invention contemplates the com-
bination in apparatus for taking a core from the.
bottom of a drili hole, which comprises a core
barrel fastened to the bottom of a drill stem in

alignment therewith and open at the lower end
with a cutting edge that is driven into the forma-
tion by the weight of the stem, together wifh
eans for closing the bottom or cutting end of
the barrel while it contains the core and is in the
bottom of the hole, so that a sample may be
sealed in the barrel at the formation pressure
and withdrawn in its original condition.
. In its preferred form, the apparatus comprlses
a mandrel mountable on the bottom of the drilt
stem in alignment therewith, a shell or sleeve slid-
ably mounted upon the mandrel, a core barrel
mounted on the bottom of the mandrel, with an
open lower cutting end, and a closure member
adapted to close the lower end of the core barrel
when the mandrel is slid upward with respect
to the sleeve.

If desired, the mandrel and sleeve may be held
in fixed position initially by a shear pin or other
rupturable means which permits disengagement
of mandrel and sleeve when weight of the drill
stem is rested on the mandrel in the bottom of the
well.

It is preferable to prov1de at least two core
barrels with equivalent closure means so that
duplicate samples may be taken from the forma-
tion being tested.

In the preferred form of the apparatus, the
top of the core barrel is open, and a sealing plug
is provided within the barrel which is slidable up~




3
ward therein under the force of the sample being
cut. For example, the plug may slide upward
to an apertured seat so as to drive drilling fluid
or the like upwardly out of the core barrel and
keep it out of contact with the sample.

The apparatus should be provided with means,
preferably actuated through the rotation of the
mandrel, for tompressing thé elesufe means
against the bottom of the core barrel after the
sample is taken, thus assuring a tight seal. One
preferred form of clamping means comprises a
sealing nut of non-circular section mounted in a
corresponding longitudinal bore in the mandrel.
The sealing nut is threaded on a bolt “Which bears
against the closure means. By rotating the man-
drel, the sealing nut draws the bolt upward with
respect to the core barrel and presses the closure
means (say a cap) tight against the bottom. If
desired, the sealing nut may be mounted within
a wrench sleeve which i§ of circular outside cross
section, this sléeve in turh being mounted in a
¢ircular bore in the mandrel and held in posi-
tiof by a shear pin or the like. When adequate
clampmg préssure hias beén exetted by the bolt,
the §hear pin ruptures and prevents damage to
the core barrel and thé Test of the assembly.

It is desirable to provide shoulders on the
mandrel and §lso 'on the sleeve to limit the rel-
ativé longitudinal sliding movement of these two
meémbers and to prevent the sleeve from sliding
off the bottom of the mandrel.

The closufe means for sealing the bottom of
the core barrel preferably is a ¢ap or ¢up mount-
€d on the slegve and rotatable 'on an akis parallel
(aiid preferably coskial) t0 that of sleeve and
mandrel. Preferably the cap of cup is mounted
on-'a yoke which is spring actuated. In the
initial positioh assumed by the apparatus in the
hﬁl‘e, ‘the closure meais is prevéented from swing-
ing over the end of the coiée barrel by the core
barrel, itself. When the core bartel ahd ‘man-
drel are pulled upward Wlth respect to the sleeve
¢up to swmg underneath ‘the tore bartel, after
Which rotation of the drill stem, with consequent
Fotation of the mandrel, ¢auses the séaling nut
to tirn on the centér bolt “hd pull the cup tight
agamst ‘the bBottém of thé cotre barrel. At the
same time, the sealing plug is pushed upwardly
ih the “core bairel tisht against its seat. "This
preseives formation pressure i the core bairel.

‘Preferably the bolt works through an upper
yoke attaclied to the core baitel d@hd & lower
yoKe attached to the Sedling ¢éup. As the Tiut
1§ tightened on the bolt, the yokes are forced
toward eagch othér, Squeezing the énds of the
baitel bétween them and sealihg both ends; the
{ppér end by pushing éore and plug against its
seat, the lower end with the cup. This assembly
is ‘detachable from the apparatiis and may be
removed in toto for transport to the laboratory,

" thus assuring that the core is delivered for an-
aIys1s at formation pressure.

The invention will be understood more thor-
oughly in the light of the following detailed de-
scription of a presently preferred form of the
apparatus, taken in conjunction with the -ac-
cqmpanymg drawings in which

-Fig. 1 is a sectional elevation of the coring
device :in position in the bottom of a bore hole
just before the core cutting operation;

Fig. 2 is a sectional elevation of the -appa-
ratus of Fig. 1 .just after the cores have been
cut;

TFig. 3 is a cross-sectional plan through the
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lower portion of the apparatus of Fig. 1, taken
along the line 3—3 and showing the sealing cups
held to the sides of the coring tubes by the Iatter
themselves;

Pig. 4 is a sectional elevation showing the ap—
paratus with the cores extracted from the for-
mation and prior to sealing;

Fig. 5 is a longitudinal section of the coring
device in sealed condition ready to come out of
the bore hole;

Fig. 6 is a cross section taken along the line
6=6 ‘of Fig, 4 showing the wrench sleeve within
the mandrel;

F1g 7 is .2 cross section taken along the line
11 of Fig. 4 showing the shear pins attaching
mandrel to wrench sleeve;

Pig. -8 is ‘& -cross-section taken along the line
8—8 of Fig. 1 showing the shear pins which

" initially hold the mandrel in fixed relation to

the sleeve;

Fiz, 9 is an enlarged fragmentary crose= sec-
tiohal “elevation of ‘the top of ‘one of the coring
tubes or barrels showing the thanher in whlch
it is sealed;

Fig. 10 is an enlarged plan view of one of the
sealing cups of the -device of the foregoing" ﬁg-,
ures; ahd .

Fig. 11 is a crossssectional elevation of the
sealinig ¢up of Fig. 10 taken along the lme ] I—H
of thigfigure.

In essence, the apparatius illustrated by the
figures comprises a mandrel 10 ‘adapted to e
fastened by a conventional tool joint en the bot=
tom of ‘a rotary drill stem 11. The mandrel
slides in an outer sleeve 12, after a Tirst set of
shear pins 11A, 1B have tuptured  (see Pig. 1),
The outer sleeve or shell hasa Temovable bottorn
disc threaded or otherwise fastened therein.
* The mandrel is cylinidrical in ¢ross section ‘and
carries an upper beveled shoulder 8, which slides
down 'to mate ‘with & lower shoulder 14 on ‘the
sleeve. The mandrel has an ihmér shouldér 15
which prevents the outer sleeve from- shdmg off
the Tower end of the mandrel.

Within the mandrel is a concentric infier | ty=
lindricéal bore “in “Which ‘4 Wrench sleeve I6° is
slidably-disposed. ~This Wrenech sleeve is ‘of Out<
Side cylindrical ¢cross “section’ but has an insids
tube of hexzgonal cross ‘section within which
slides a right Hand sealing nut 17 that is threaded

- oh g ‘center bolt 18. "Theé “sealitig niit is pre-
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vented from comifiz off the upper énd of the
éenter bolt by means of ‘a left hand fock dut 13;

Until the final sealing operation, the Wrench
sleeve is Tigidly fastened iriside the” mandrel by
a pair of shear pins 20, 20A see Fig. 1 and
Fig."D.

An upper yoke 21 is mounfed r1g1cﬂy on .the
bottom of the mandrel and carries a pair of
core tubes or barrels 22, 22A. The function 01”
the upper yoke, Wwhich connects the upper parts
of the -coring assembly, is to transmit the seal-
ing pressure from the sealing nut to the -core
tubes. Tt is rigidly but detachably mounted -on
the mandrel.

The core barrels are disposed opposite each
other with their -axes parallel to that -of -the
center bolt, The bettom edges of the two barrels
are beveled to a-sharp edge to permit penetra=
tion of the formation to be sampled, -and the
bore of -each barrel is somewhat larger in its
uppsr-section so that it tends to retain and ex-
tract the core from the formation. The coring
tubes -are -attached .rigidly to the drill .stem
through the upper yoke and the mandrel so that
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the entire weight of drill collars and pipes may
be put on the coring tubes to push them into
the formation to be sampled, as shown in Fig. 2.

The bottom of the sleeve is provided with a

pair of cylindrical holes 23, 23A to permit the
passage of the coring tubes to the bottom of
the shell into the formation. (See Fig. 4.)
~ The apparatus is provided with a lower yoke
24 effectively mounted on the axis of the sleeve
and rotatable around the lower portion of the
center bolt. The lower yoke carries a pair of
sealing cups 25, 25A which are rotated to seal
the bottom of the coring tubes as described here-
inafter. The center bolt passes through both
yokes.

The respective coring tubes are prov1ded with
sealing plugs 26, 26A. At the beginning of the
coring operation, as shown in Fig. 1, these plugs
are located in the bottoms of the tubes. As the
cores are cut, the plugs are pushed to the top of
their coring tubes by the cores.

Referring to Fig. 9, the plugs are equipped with
packing rings 21, 28 which bear against the in-
side of the cormg tubes and provide a lateral
seal The top end of each coring tube has an
open bore 28 connecting with side outlets 29A
in the upper yoke 21 through which mud or other
material may be expelled. Each coring tube is
provided with an annular soft metal seal 30 just
below the outlet bore, and the sealing plug is
provided with an annular knife edge 31 which
bears against the soft seat and seals the top of

the coring tube in one of the later phases of the

operation as described hereinafter. Each sealing
plug is provided with a valve 32 which is closed
by the core itself when it pushes the sealing plug
to the top of the coring tube. This valve per-
mits accidentally entrapped fluid to be ejected.

.. The valves in the sealing piugs are simple
affalrs comprising a seat 32A and a fruste-conical
closure member 32B, which is mounted on the
lower end of a stem 82C that slides in a vertical
bore in the top of the plug.

The seahng plug is in two parts, an upper por-
tlon 33 and a lower portion 34. The lower por-
t1on may be t1ghtened against the upper portion
by ‘means of a.nut 35 in order to squeeze the pack-
ing rings outwardly.

A retaining nut 36 is screwed on the bottom
of the center bolt which passes through a rota-

tion bearing 37 mounted concentrically on the.

bottom of the sleeve.
""As shown particularly in Figs. 3 and 4, the
lower yoke tends to be rotated by means of a
spiral spring 38 placed around the collar 41 in
a recess in the lower yoke. The spring, however,
cannot move the sealing cups into the sealing
position until the coring tubes have been with-
drawn upwardly, as shown in Fig. 4,
. The sleeve or shell serves four functions. It
prevents the clogging of the coring assembly. Its
shoulders prevent vertical motion when the end
of desired movement is reached. After the core
has been cut and the drill string is lifted, the
weight of the sleeve causes the lower part of the
coring assembly to remain stationary until the
sealing cups have slipped into position under the
coring tube, as shown in Fig. 4. When the drill
string is rotated to tighten the sealing nut on the
upper yoke, the outer shell prevents rotation of
the center bolt, being assisted in this action by
two short fish tail blades 48, 40A on its bottom.
It may be noted that the center bolt is free to
slide relative to the upper coring assembly, but is
rigidly connected to the outer shell 12. Its func-
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tion is to force the coring tubes into the sealing
cups and hold the assembly under pressure when
it is brought out of the hole.

As already indicated, the sealing cups are actu-
ated by the spiral spring located in a recess in
the lower yoke. The spring is fastened to a collar.
41 on the center bolt, which in turn is attached
to the bolt by a shear pin (not shown). The
spring reacts against the lower ycke and aligns
the sealing cups with the coring tubes after the
samples have been cut.

The sealing cups have extended lips on one
side of their upper edge in order to hold the cups
in alignment with the coring tubes against the
tension of the spiral spring. Soft metal. dises
43A, 43B in the bottom of the cups bear against
the cutting edge of the coring tubes when the
assembly is sealed. (See Figs. 4, 5 and 11.) -

The operation of the apparatus is as follows

The initial position of the apparatus just’ be-,-
fore the cores are cut is shown in Fig. 1. As
shown in this figure, the center bolt has been
rotated counterclockwise until the sealing nut
has impinged against the lock nut at the top of
the bolt. This prevents further rotation of the
center bolt and provides the spiral spring with a
stop against which to work in moving the sealing
cups at a later stage in the operation. The spring
is attached to the center bolf by the collar and
shear pins, as described hereinbefore.

In assembling the apparatus for use, the seal-
ing cups are rotated against the spring force
until they are clear of the coring tubes, and the
center bolt is pushed up in the wrench sleeve
until its lower end is flush with the lower end
of the outer shell or sleeve, which in turn is flush

“with the lower end of the coring tubes. The rela-

tive positions of the coring tubes and the sealing
cups are shown in Figs. 1 and 3. The center bolt
is fastened to the shell with the retaining nut at
the bottom, and the shell is held in position by
the shear pins running through its upper portion
to the mandrel. .

At the beginning of the coring operation as
shown in Fig. 1, the sealing plugs are flush with

* the bottom of the coring tubes. The sealing plugs

are held in place by friction against the 1n31de
walls of the tubes.

When the coring device has been assembled as
described, it is threaded on the bottom of the drill

" string and lowered in the bore until it rests on
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the bottom of the hole. When the bottom of the
shell encounters the hole bottom, the weight of
the drill pipe is transferred to the shear pins 1A
and 1B which lock the mandrel to the shell.
These pins shear, and the weight of the drill
string drives the coring tubes into the bottom
of the formation.

During the core-taking operation, the sealing
plugs keep mud and mud cake out of the lower
parts of the coring.tubes. As the coring. tubes
move downward, the shell is pushed up relative to
the mandrel, and at the same time the cores
move the sealing plugs upward in the coring tubes
and force the mud above them out of the tubes
through the bores 29 and outlets 29A.

In the next operation, the drill string is hfted
so that the coring tubes are brought up in the
shell, as shown in Fig. 4. The weight of the shell
itself causes it to remain on the bottom of the

.hole until the inner shoulder {5 of the mandrel

catches against the top of the shell. Before this
point has been reached, the coring tubes have
slipped up past the sealing cups sufficiently far
to perrmt the splral spring to rotate the lower
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yoke:so that-the cups-are.swung under-the coring
tubes. I other words, the sealing cups snap inte
position underneath the coring tubes and. are held
in that position by spring tension.

. I the next stage of the operation, the drill
pipe: is: lowered: until it is: certain that the tool
is-again on the bottom: of the hole. This lower-
ing- operation anchors the- sliell against the Bot-
tom: and moves. the tubses: dewn. into the cups so
that they seat therein: (see Fig. 5)-.
drill pipe is rctated. The shell and center hoit
are-held stationary by contact with the: bottem, so
that the rotation of the drill pipe imparted to the
sealing nut-through the wrench sleeve causes the
sealing nut te: thread downwardly on the- center
bolt-and bear against-the upper yoke. Thisforees
the lower edges: of the coring tubes: into- the soft
metal gaskets: in the: bottom of the- sealing cups
as- the upper and: lower yokes are: brought closer
together.
of the tubes are squeezed into their seats and seal
the tops of the tubes.

At @ predetermined wrench force on the gealing
nut, the pins 20- and 28A between- the: wrench
sleeve and the mandrel are sheared, so- that no
further tightening action is permitted. 'This set
of' shear pins thus prevents excessive pressure
from. beirig exerted upon the sample tubes and
the rest of the assembly:

When the-drill pipe-is rotated, the coring as- 3

sembly: rotates against the: tension of the spiral
spring, and-as this rotation: continues, the spring
shears the collar away from' the center bolt, this
operation taking place after the coring tubes
Have entered the-cups. It will be noted that the
Tower yoke is set on a bearing and is free to rotate
about-the center bolt after the spring is released:

As soon as the shear pins which connect the
wrench sleeve to the mandrel have been released,
the coring assembly assumes the position shown
in Fig. 5-and is ready to come out of the hole

After the coring device has been withdrawn to
the surface, it is detached from the drill string:
Thereafter the lower end: of the outer shell is
removed; the: upper yoke is' detached from. the
nrandrel; and the tubes with the sealing assembily
proper are withdrawn from the apparatus and
taken to the laboratory or elsewhere for tests.
Thus withdrawn, the assembly, in addition to
the tubes containing the cores, includes. the upper
and: lower- yokes, the sezling plugs, the sealing
cups and the center bolt. This assembly is light
enough to be easily handled.

In the laboratory, the usual tests-upon the.cores
are run with the- assurance that the results will
not be vitiated by contamination of the core
samples or leakage therefrom:

To summarize the movements in the sampling
operation just described: the stent with the coring
equipment attached is lowered umntil the Iatter
rests on the bottom: of the hole. Some rotation
during the:- Jowering operation is permissible if
desired, and circulation to the bottom of the hole
is possible-at any time.

" In- the second phase of the operation, all or
part of the weight of the drill string is set on the
bottom of the hole in order to: cause. the core
tubes to-penetrate the formation.

In the third stage of the operation, the drill
string-is raised until the coring device is off bot-
tom. This permits the sealing cups to rotate
into sealing position.

In the fourth operation, the tool is again set on
the bottom, and the drill pipe is rotated 30 or-40
turns to cause the yokes to move closer together

Next, the ;

At-the same time the plugs in the top 2
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8
and seal upper-and: lower:ends:of the-coring tubes;

The fifth stage:of the: operation: iy merely: the-
withdrawal of the drill: string and the removal
of the samples-in the coring-tubes.

T claim:

1. In apparatus: for attachment:to the bottonu
of a drill stem for taking a formation sample i
the bottom of a drill hole, the combination which
comprises: a. mandrel mountable on the bottom of
the stem in alignment therewith, a shell: slidably
mounted upon the mandrel, rupturabler means
initially connecting mandrel and shell to- prevent
such:sliding;, & core barrel mounted-on the bottom:
of the mandrel and having an: open lower cutting
end, and a closure member mounted on the-shelk
and’ adapted: to: close the: lower end of the- eore
barrel when the mandrel is slid' upward: Wlth
respect to the shell.

2. In apparatus: for attachment to the bottom.
of a drill stem- for taking a formetion sample
the bottom of a drill hole, the combination: whichk
comprises a. mandrel mountable on the: bottom
of the stem in alignment therewith; a shell slid-
ably mounted upon the mandrel, a core barreF
mounted on the bottom: of the mandrel and hav-
ing an open lower cutting end and also an open:
upper end, a clesure member mounted on the
shell: and adapted to close- the lower end of the
core barrel when the mandrel’ is slid upward’ with:
respect to the shell, and a sealing plug slidable
in the bore of the core barrel.

3. In apparatus for attachment to the: Bottonx:
of a rotary drill stem for taking a formatiorr
sample in the bottom of & drill hole, the com-
bination which comprises & mandrel mountable:
on- the bottom- of the stem in alignment there-
with, a shell slidably mounted’ upon the mandrel,
a, core barrel mounted on: the:-bottom of the man-~
drel and having an open lower cutting end and
glso- an open -upper end;, a closurer member
mounted on- the shell and adapted to close the:
lower end of the core barrel’ when: the- mandrel
is slid upward with respeet to- the shell, a seal-
ing plug slidable-in the bore of the harrel, & seat
for the plug adjacent the top of the barrel; and
clamping means actuated by rotating the drill
stem: for pressing the closure member agamst“
said lower end.

4. Apparatus according to claim 3 provided
with a valve in the plug which is seated When
a eore is' pushed upwardly in the barrell

5. In apparatus for attachment to the bottonr
of a rotary drill stem for taking a formation
sample in the bottom of a drill’ hole, the com-
bination which  comprises & mandrel mountable:
on the bottom of the stem in alignment there-
with, a shell slidably mounted upon the mandrel;
a core barrel mounted orr the bottom of the man-
drel and having an open lower cutting end, &
closure nremver mounted om the shell and
adapted to close the lower end of the core barrél
when the mandrel is slid upward with respect
to the shell, a threaded bolt attached to the clos-
ure member and extending up into. a. wrench:
bore of non-circular cross section on the axis, of
the mandrel, g nut slidable along the bore but
rotatable thereby and threaded: on. the holt, an
upper yoke attached to the barrel and a lower
yoke attached to the closure member with. the
bolt arranged to press the two yokes together
when the nut is rofated, thereby pressing the
closure member against the Iower end of the
barrel.

6. Apparatus according to. claim. 5 provided
with a wrench sleeve of cylindrical section
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mounted in a bore in the mandrel and contain-
ing the wrench bore, and shearable means con-
necting the wrench sleeve to the mandrel.

7. In apparatus for attachment to the bottom
of g rotary drill stem for punching out and re-
covering a sample from the bottom of a drill
hole, the combination which comprises a man-
drel mountable on the bottom of the stem in
alignment therewith, a sleeve mounted around
the mandrel and slidable and rotatable with re-
spect to the mandrel, rupturable means initially
affixing the sleeve to the mandrel, at least one
core barrel mounted on and below the mandrel
in alisnment therewith, and having an open
lower cutting end and an open seat at its upper
end, a sealing plug slidable upward in the core
barrel to abut the seat, a closure member mount-
ed on the sleeve to swing on an axis extending
in the direction of the drill string to seal the
lower end of the core barrel when it and the
mandrel have slid upward sufficiently with re-
spect to the slesve, a spring for so moving the
closure member and clamping means actuated
through rotation of the mandrel and adapted
to press the closure member upwardly against
the bottom of the core barrel.

8. In apparatus for attachment to the bottom
of a rotary drill stem for punching out and re-
covering a sample from the bottom of a drill
hole, the combination which comprises a man-
drel mountable on the bottom of the stem in
alignment therewith, a sleesve mounted around
the mandrel and slidable and rotatable with re-
spect to the mandrel, rupturable means initially
affixing the sleeve to the mandrel, an upper yoke
attached to the mandrel, at least one core barrel
mounted on and below the mandrel in alignment
therewith, and having an open lower cutting
end and an open seat at its upper end, a seal-
ing plug slidable upward in the core barrel to
abut the seat, a closure member mounted on a
lower yoke attached to the sleeve to swing on
an axis extending in the direction of the drill
string to seal the lower end of the core barrel
when it and the mandrel have slid upward suffi-
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ciently with respect to the sleeve, a spring for
so moving the closure member, a threaded bolt
passing through both yokes and extending up
into a wrench bore of non-circular cross section
on the axis of the mandrel, and a nut slidable
along the bore, but rotatable thereby and
threaded on the bolt above the upper yoke, the
bolt and yokes being so arranged that rotation of
the mandrel causes the nut to press the yokes
toward each other. :

9. In apparatus for attachment to the bottom
of a rotary drill stem for taking a formation
sample in the bottom of a drill hole, the com-
bination which comprises a mandrel mountable
on the bottom of the stem in alignment there-
with, a shell slidably mounted upon the man-
drel, a core barrel mounted on the bottom of the
mandrel and having an open lower cutting end,
a closure member adapted to close the lower end
of the core barrel when the mandrel is slid up-
ward with respect to the shell, and clamping
means actuated by rotating the drill stem for
pressing the closure member against said lower
end, said clamping means comprising a threaded
bolt attached to the closure member and extend-
ing up into a bore of non-circular cross section
in the mandrel on the axis thereof, a nut of cor-
responding cross section slidable in the bore and
threaded on the bolt, an upper yoke attached
to the barrel below the bolt, and a lower yoke
attached to the closure member, the two yokes
being so arranged that they are pressed toward
each other by rotation of the nut on the bolt.

DONALD M. SMITH.
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