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) 10 Claims.
1 o
The invention relates to a tool for testing
formations traversed by a well bore and particu-
- larly-to such a tool where the sample is induced
“to enter a tube from the formation by a reduc-
_tion in pressure and wherein the sample may be
- obtained without removing the drill bit from the
well bore.

It is one of the objects of the invention to
provide a drill stem and drill bit assembly for
drilling hole at a reduced diameter at any time
during drilling operations without the necessity
of withdrawing the assembly from within the well
bore, and for forming a seal within the reduced
bore, said assembly being adapted to receive sam-
pling means to obtain a sample from the forma-
tion in the small diameter bore below the. seal.

Another object of the invention is to provide
a formation testing tool wherein extensible -cut-

. ting members are arranged on the tool to cut a
seat so that a seal may be formed to assist in the
taking of a fluid sample from the well bore.

Another object of the invention is to provide
a drill stem and drill bit assembly having a drill
bit on the bottom, extensible cutting members
spaced thereabove, a packer to seat on the shoul-
der cut by such members and form a seal and an
outlet above the packer to form an opening for
circulation of drilling fluid.

Another object of the invention is to provide

" a construction wherein -during ‘normal drilling. 3

operations, reaming cutter elements will be ex-
tended to cut a seat in the form of an enlarged
- well bore, but where such elements are retract-
" able at the will of the operator at the mouth of
the well bore.

Still another object is to prov1de means where-
by retraction of the cutter elements is effected
by control of the rate of circulatlon of dr1111ng
fiuid through the well bore.

"Another object of the invention is. to prov1de &

- in a sampling. device a jet nozzle so that upon
the iniection of drilling fluid there will be a re-
. duction in pressure to encourage the entrance of
fluid from the well formation.
- -Another object of the invention is to prov1de
. & removable jet type samphng tube for formation
testing tools.
Other and further obJects of the inventmn will
be readily apparent when the following descrip-

tion is considered in connection with the accom- :

panying drawings, wherein:
Figs, -1, 2,.3, and 4 when assembled end to
end, form a continuous vertical sectional view of
- the formation testing tool as illustrated by-the
.drill bit, reamer blades, drill pipe, and packer;

-Fig. 5 Is a partial elevational view taken.on
the line 5—5§ of Fig. 3 to illustrate the manner of

. directing. the drilling fluid against the reamer

10

blades;

Fig.6is a section taken on the line 6—6 of Fig.
3 to illustrate the reamer blades in collapsed
position;

Figs. 7 and 8 when taken together 111ustrate a
vertical sectional view-of a jet type sampling tool
in sampling position in the tool assembly;

Pig. 9 shows a modified view of the lower end
of the sampling tool;

-Fig. 10 is a sectional view of the jet arrange-

" ment taken on the line 10—10 of Fig. 11; and

Fig. 11 is a transverse sectional view through
the jet construction, and is taken on line {1—I{1
in Fig. 7.

In Fig. 1 a drill pipe 2 of su1table size is shown

_ as having been connected into a string of pipe

20
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- carrying out sampling operations.

and is shown as threaded at 2 to a nipple 4. This
section 2 is of peculiar construction in that it has
the side ports 5 which are covered by a sleeve 6
having the packing 7 thereon to form a seal
above and below the ports. This sleeve engages
a shoulder 8 and is urged to the position shown
in Fig, 1 by the coil spring 9 which abuts the
nipple 4. This sleeve type valve is provided so
that the tool may be open for circulation when
Normally,
however, when no sampling tube is in position,
this sleeve serves to close the ports 5 to allow
normal circulation for drilling.

Any desired number of couplings and pipe sec-
tions may be provided below the nipple 4, depend-
ing upon the volume of sample desired. A man-
drel 12, however, is -positioned below these sec-

. tions. and is provided with a packer barrel {3
- which 1is slidable -along the outside -of the man-

drel and the stuffing box {4 serves to form a seal
around the mandrel to prevent leakage through
the barrel. A resiient packer or rubber: (5 is
affixed. on the packer barrel, which may be of

- metal or other suitable material.

45

-Upward movement of the packer barrel is

‘limited by a shoulder 16 and downward move-

ment of the barrel is limited by an outstanding

- shoulder 17 adjacent the lower end of the man-

drel.
- Below.the mandrel 12 .is a tubmg {8 which

-carries a nipple 19 having a passage 20 for the

flow ‘of drilling fluid and a passage 21 for the
upward flow of a sample of formation fluid.. A
.check valve 22 requires the drilling fluid to flow

- downwardly. through the passage 20.

a5

The nipple 19 carries a conduit 23- for the ﬁow
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of drilling fluid and this tube is sealed in the
strainer pipe 25 by a packing 26. The strainer
pipe 25 is threaded to the nipple {9 and to a
lower nipple 27.

A pipe section 30 connected in a suitable man-
ner below the nipple 27 carries a transverse shaft
31 upon which the extensible reamer or seat
cutting blades 32 are pivoted. Each of these
blades hasa cutting face 33 and the pinion teeth
34. These ‘teeth @re engaged With a rack 35

mounted on a head 36 of the cage 31. The head

36 fits slidably within the passage 38 in the pipe
section 30 so that when drilling mud or other
fluid under pressure moves down through the
tool, the head 36 is contacted by such Afluid .and
will tend to move and carry the rack 35 down-
wardly thereby extending fhe blades 32 to ‘the
dotted line position in Fig. 3. The spring 39
normally holds the cage 31 upwardly so as to
retain the blades in ‘retracted position within
the Windows 40 in the pipe 30 -as shown in full
‘outline in ‘the drawing. ‘

“The lower end -of the spring 39 sets upon a
thrust ring 41 disposed in the pipe 30 above the
drill bit 42. The pussages 43 in ‘the it permit
the circulation of drilling fluid, N

With this construction, it seems obvious “that

. as the drill ‘stemh ‘and the -drill ‘bit ‘are lowered
Inito the ‘well bore, the bit 42 will, when rotated,
cut the small diameter bore ‘45 which is ‘generally
‘khown ‘in the industry ‘as a rat hiole. TIn ‘order
to drill a normal sized opemng, it is ‘only nheces-
wary ‘to pump drilling fluid ‘through ‘the drill
-stem and -against the head 36 at such a rate as

10 'hold ‘the blades ‘in extended position to ream :

‘the larger diameter ‘well bore 46, as “best seen
in Fig. 2, and in this manner to form the seat
47 in the bore. "‘When ‘the How ‘of drilling fluid
is reduced sufficiently, the spring 39 ‘will over-
‘come the pressure on the head 36 5o as to move
the cage upwardly and ‘retract the blades. "The
pipe 30 ‘may have the discharge ports'49 therein,
‘as best seen in ‘Fig. 5, which -extend from above
‘the head 86, when in lowered position, and dis-
‘charge to the exterior ‘of ‘the pipe ‘and ‘tipon the
reamer blades.

‘Fig. ‘6 shows ‘a section thicugh ‘the a5sembly
and illustrating a plurality of passages 50 therein
which conduct ‘a portion of ‘the drilling Auid
‘past the head 36 so ‘as to discharge from the
ports 43 in ‘the drill bit,

In operation the parts will ‘assume the posi-
‘tion ‘of Figs. 1 to 4 -except the pressure will thove
‘the ‘blades 32 to the extended ‘position shown
in ‘dotted lines when ‘the rate of flow -of -drilling
fluid exceeds ‘a predetermined value. ,

‘When it is desired to take “a 'sample of fluid
the drill bit will be raised $lightly, ‘the rste of
wirculation reduced, and ‘the spring 89 will then
retract the blades. The -drill stermn ‘will be
again Towered to Place the “bit ‘on ‘the bottom
‘of ‘the rat hole 45 and ‘additional drilling of the
rat hole may in ‘this manher proceed “so loag
‘as ‘the reduced rate of flow -of drilling Huid is
thaintained. When additional length of rat hole
‘hias been drilled sufficiently to allow ‘the packer
15 ‘to ‘engage upon the seat 47, then ‘the drilling
may be discontinued.

When the drill stem "has -atvanced sufficiently
‘that the packer is forced ‘agdinst the seat 47 by
‘the “shoulder 18, ‘then the “tool is in position ‘to
‘obtain a sample.

The 'sampling mechanism, ‘as best seen in sec-
\tlon in Figs. 7-and 8, is how lowered or dropped
into ‘the ‘drill pipe and ‘moves ‘downwardly by
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gravity. 'This mechanism comprises a tube 52
having a shoulder 53 thereon which engages the
sleeve 6 and causes it to be moved downwardly,
compressing the spring 9 so that the parts as-
sume the relative positions shown in Fig. 7.
The tube 52 is of peculiar construction in that
it has a perforate nose 55 on the lower end
connected to the check valve assembly 56 which
is.in turn connected to a .nipple 571 having lugs
‘58 ‘therein to:confine the check valve. Attention
is directed to the fact that this arrangement

-jprovides a chamber 54 in which a fluid sample

may be entrapped to be lifted to the surface
When ‘the sampling mechanism is withdrawn
from within the drill pipe 2.

The ‘tube 52 terminates at its lower end in a
housing 58 ‘which encloses a tapered nozzle 60
having a discharge outlet 61 arranged to direct
a jet into the passage 62. The inlet to this jet
nozzle 61 is by virtue of a window 63 formed. in
‘the 'side ‘supporting prates 54 ‘Which ‘carry the
nozzle in supporting position jinside of the ‘hous-
ing. "The winhdows 63 receive @ fHow -of fluid
‘through the side bassages ‘65 which are formed
oy the side platesied, and the surrounding tube 52,

Upwardly from ‘the ‘pDassage 62 ‘the inner ‘walls
of the tube 52 are tapered as shown at 68 ‘in Fig, 7
awhereby ‘the interior of the tube forms 'a diffuser
‘eomprising an-element of the jet ‘combingtion.
‘A deflecting ‘bafile §9 directs the flow of Hgilid
-‘outwardly through ‘the ‘potts 5 in the drill :stein
for drill ‘pipe.

A plurality-of :packings 12 are arranged arotnd
the upper portion of the sampling mechsnism
50955 to form 7 sedl with the interior of the pipe
2-4nd o also assist ‘in ‘holding ‘the ‘mechaiism
‘in ‘position iso Tong a5 there is ‘pump bressure .in
The drill pipe.

The inlet for drilling Auid to pass downwardly
through the sampling mechanism and to accom-
plish the desired jet action ‘comprises ports 13, a
‘plurality of which sre Tormed ‘in the top ‘of the
samplihg ‘mechanism below ‘the ‘spear of -grap-
pling head T4. 'The fluid passes through the pas-
sages 85 in the sampling tool -and thence to ‘the
Jet mozzle 61.

As @bove ‘explained, the Structure shown 4n
Fig. 8 provides a sample: chamber 54 by ‘means -of
‘which a fluid sample m&y be entrapped within the
chamber, and made available When the- -sampling
‘mechanism is withdrawn as by ‘means 'of Teverse
flow of drilling fliid -or by means of an overshot
engaged with the grappling head 74. .As drilling
fidid 45 pumped downwardly ‘through the drill
stem 2 and thence through the .orifice 61 ‘and

~pipe 62 into ‘the .diffuser ‘chamber within the

60

85

76

tube 82, it produces a reduced pressure abous and
below the nozzle 60 whereby there is an ‘induced
flow of formation ﬂinds into the sbace below
‘the ‘hozzle.

The structure showh inh Fle. 9 does hot include

‘the sample chamber. Instead, this embodiment
‘tomiprehends that the jettihg mechanism will in-

duce well fluids to enter and fill the drill pipe
‘therébelow. The packer 15 is then unseated and
puthp flow is reversed whereby the jetting mecha-
nism and the sample are lifted to the surface.
Attention is directed to the fact that the pres-
sure ‘at the tip of the nozzle of the jet 60 isa
function 'of the rate of circulation and of the
pressure on the nozzle causing the How of Huid
‘therethrough. Also, the pressure at the tip of
‘the nozzle is approx1mate1y ‘the ‘pressure -of the
formation. The Various factors affecting: these
pressures ‘being ‘determinable, additional in-
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formation concerning formation pressure is thus
“made available, This information is of material
operatmns and/or productlon of the completed
well.
_ It seems obvious that there are particular
~advantages in connection with the invention in
}that the drilling may proceed and samples be
‘taken either continuously or- periodically without
-removing the drill bit or the drill stem from the
“well bore. Samples may be taken by merely drop-
‘ping or lowering the sampling -mechanism' into
position, circulating the drilling fluid to jet in a
sample of formation fluid and then lifting the
sample to the surface as explained.

The invention claimed is:

1. A combination drilling and formation test~
ing tocl for wells comprising a pipe, a drill bit
thereon, a pair of reamer blades extensible from
said pipe above said bit to enlarge the well bore,
means to nermally hold said blades in refracted
position, a head on said means exposed to liquid
pressure in said pipe so as to effect movement
of said means to extend said blades to enlarge
the well bore above said bit, a conduit through
said pipe to conduct liguid to said head, a strainer
in said pipe about said conduit, an inlet from said
strainer into the pipe, a packer slidable on said
pipe to seat on the shoulder of the well bore cut
by said blades, there being an opening laterally

-of said pipe above said packer, a sleeve to close
said opening, a sampling means to be positioned
on and move said sleeve to uncover said open-
ings, an annular tapered nozz'e in said sampling

means to create a suction to draw in a sample of *

formation fluid through said strainer as drilling
fluid is circulated down through said pipe and
out said openings.

2. A combination drilling and testing assembly
including a drill stem and bit, reamer blades ex-
tensible therefrom to form a seat, a seal on the
stem for said seat, sample receiving means in-
sertible through said drill stem and an annular
tapered nozzle in said insertible sample receiv-
ing means, fluid passage means to conduct fluid
to said nozzle, a fluid inlet from said passage
to said tapered nozzle and a fluid discharge port
at the opposite end of said nozzle to jet into such
stem a sample of fluid from the well formation
below said seat upon the circulation of drilling
fluid through said fluid passage.

3. A combination driiling and testing assembly
including a drill stem and bit, reamer blades ex~
tensible therefrom to form a seat, a seal on the

stem for said seat, sample receiving means in--

sertible through said drill stem, and an anhnular
tapered nozzle connected to said sample receiving
means fluid passage means to conduct fluid fo
said riozzle, a fluid inlet from sald passage to said
tapered nozzle and a fluid discharge port at the
opposite end of said nozzle to jet into such stem a
sample of fluid from the well formation below
said seat upon the circulation of drilling fluid
through said fluid passage, and a vent in said
stem to be opened by said means.

4, A formation testing tool including an oper-
ating pipe, a port therein, means to close said
port, sample collecting means to be lowered
through said pipe to engage said means, a seal
about said sampling machine so that liquid pres-
sure in the pipe will move said sampling means
to open said port, a tapered nozzle in said
sampling means and a passage .into said tube
from the pipe so that liquid pumped through the
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6
‘pipé will’ jét ' ‘sample of formation ﬂuid into
sald ‘sampling means.

5. A formation testing tool including an. oper-
atlng pipe, ‘a port therein, means to close said
port sampling means to be 1owered through sdid
‘pipe  to ‘engage said means, a seal about said
sampling means so that liquid pressure in the
‘pipe will move said sampling means to-open said
port, a nozzle in said sampling means and a pés-
sage into said sampling means from the pipe so
that liquid pumped through the pipe will jet a
sample of formation fluid into said sampling

‘means, reamer blades extensible from said pipe

to cut a seat, and seal means also on the pipe to
engage said seab.

6. A sample tube for formation testing tools
comprising a tubular body, a spear head thereon,
an annular tapered nozzle in said body to dis~
charge upwardly, a passage to direct pressure
fluid into said nozzle, an inlet into said body be-
low said nozzle for formation fluid so that the
reduction in pressure caused by the flow of fluid
through said nozzle will draw in a sample of such
formation fluid, and a check valve to trap g sam-
ple in said body below said nozzle, said tube being
insertable and removable relative to the operat-
ing pipe of a formation testing tool.

7. A sample tube for formation testing tools
comprising a tubular body, a spear head thereon,
an annular fapered nozzle in said body to dis-
charge upwardly, a passage to direct pressure
fluid into said nozzle, and an inlet into said body
below said nozzle for formation fluid so that the
reduction in pressure caused by the flow of fluid
through said nozzle will draw in a sample of such
formation fluid, said tube being insertable and
removable relative to a drill stem and drill bit
50 as to obtain a sample without removing such
drill stem and bit.

8. A combination drill and sample taking as-
sembly including a drill stem, a drill bit thereon,
a packer on said stem to seal with the well bore,
a sample tube to be positioned in said stem and

‘an annular tapered nozzle in said insertible

sample receiving means, fluid passage means to
conduct fluid to said nozzle, a fluid inlet from
said passage to said tapered nozzle and a fluid
discharge port at the opposite end of said noz-
zle to jet thereinto a sample of well fluid from
below the seal, and additional means to remov-

ably position said tube in.said stem, said means

including a sieeve in said stem, and means on
said sleeve to engage and support said tube.

9. A combination drill and sample taking as-
sembly including a drill stem, a drill bit thereon,
a packer on said stem to seal with the well bore, a
samp.e tube to be positioned in said stem and an
annular tapered nozzle in said insertible sample
receiving means, fluid passage means to conduct
fluid to said nozzle, a fluid inlet from said pas-
sage to said tapered nozzle and a fluid discharge
port at the opposite end of said nozzle to jet
thereinto a sample of well fluid from below the
seal, reamer blades extensible from said stem by
drilling mud pressure to cut a seat for said
packer, and additional means to removably posi-
tion said tube in said stem, said means including
a sleeve in said stem, and means on said sleeve
to engage and support said tube.

10. A combination drill and sample taking as-
sembly including a drill stem, a drill bit thereon,
a packer on said stem to seal with the well bore,

_a sample tube to be removably positioned in said

stem and an annular tapered nozzle in said in-
sertible sample receiving means, fluid passage
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means to conduct fluid to said nozzle, a fluid in-
‘let from said passage to said tapered nozzle and
a fluid discharge port at the opposite end of said
‘nozzle to jet thereunto a sample of well fluid from
below the seal and reamer blades extensible from
said steam by drilling mud pressure to cut a seat
for said packer, said sampling tube being oper-
able by circulation of drilling mud, through said
fluid passage, and additional means to removably
position said tube in said stem, said means in-
cluding a sleeve in said stem, and means on said
sleeve to engage and suppori -said tube, and
resilient means -supporting said sleeve in -said
stem.
JOHN E. WEILER.
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