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il ie

This invention relates generally to apparatus for ob-
taining samples of fiuids produced by formations en-
countered during the drilling of cil or gas wells or the
like. More specifically, it relates to a sample-taking ap-
paratus adapted to obtain samples whenever they may be
desired without removing the drilling string from the weil.

During the drilling of an oil or gas well or the like,
it is commonly desirable to obtain samples of the fluids
produced by the various formations encountered as well
as obtaining a record of the formation pressure. The
usual procedure involves the use of equipment capable
of cobtaining the desired information installed as an in-
tegral part of the drilling string. This procedure is gen-
erally referred te as a drill stem test. With this arrange-
ment of equipment, it is necessary to remove the drilling
strin gfrom the well, insert the testing apparatus therein,
run the drilling string and testing apparatus into the weil
and, after the sample is obtained and the pressure re-
corded, remove the drilling string and testing apparatus
from the well to obtain the results of the test. Due to the
necessity for making two round trips with the drilling
string, this procedure is extremely time-consuming and
expensive. This is particularly true where it is desired
to test a plurality of zones or where the well is extremely
deep.

U.S. Patent No. 2,497,185, issued to C. E. Reistle, Ir.,
discloses a sampling apparatus. While samplers built in
accordance with his disclosure have met with some degree
of success, there are certain inherent features which ai-
low contamination of the sample obtained. Also, upon
the expansion of the packer, fluid confined in the annular
space below the packer is compressed and tends to force
the packer and drilling string up the hole possibly result-
ing in a faulty seat for the packer.

It is therefore a general object of this invention to pro-
vide improved apparatus for cbtaining a sample of forma-
tion fluid without necessitating the removal of the drilling
string from the well.

Another object of the invention is to provide improved
sampling apparatus that is adapted to obtain a substan-
tially uncontaminated sample of formation fluid,

A further object is to provide improved sampling ap-
paratus that is adapted to permit pressure equelization
above and below the packer.

An additional object of the invention is to provide im-
proved sampling apparatus that is adapted to be run on
a wire line and to allow samples of formation fiuid to be
taken without removing the drilling string from the well,

This invention provides apparatus for obtaining fluid
samples and pressure recording of wvarious formations
during the dralling of an cil or gas well or the like. One
portion of the apparatus, constructed in accordance with
the invention, includes @ tubnlar body, an expansible
packer mounted on the tubular body, and a pressure-
responsive sleeve valve member, movably mounted within
the tubular body adapted to control the expansion of the
packer. This portion of the apparatus is atiached to and
becomes an integral part of the drilling string. Anoiher
portion of the apparatus, also constructed in accordance
with the invention, comprises a sample receiving assembly
and is adapted to be run on a wire line within the driil-
ing string and includes a pressure-recording device, a
sample chamber, and a pressure-responsive valve mem-
ber which is adapted to control the flow of fluid into the
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sample chamber. The two portions of the testing ap-
paratus are arranged and constructed so that upon the-
scating of the sample receiving assembly within the tubu--
lar body, pressure may be applied within the drilling
string to open the pressure-responsive sleeve valve mem-
ber, expand the packer, and then, by apvlying additional
pressure, to open the pressure-responsive valve member
aliowing formation fluid to enter the sample chamber.

The foregoing and additional objects and advantages
of the invention will become apparent from the following
description when read in conjunction with the accompany-
ing drawing wherein similar parts are denoted by similar
reference characters in all views and wherein:

FIGURE 1 is an elevation and cross-secticnal view of
the body of the tool attached to a string of drill pipe and
showing a drilling bit attached to the bottom of the bedy.

FIGURE 2 is an elevation and cross-sectional view
showing the fluid sample receiving assembly in the closed
position installed in the tool body of FIGURE 1 with
the various parts in position for expanding or setting the
packer to isolate the zone from which it is desired to ob-
tain a sample,

FIGURE 3 is an elevation and cross-sectional view
showing the fluid sample receiving assembly installed in
the tool body of FIGURE 1 with the various parts in
position for obtaining a fluid sample.

Referring first to FIGURE 1 of the drawing, a tubular
body 10 is shown attached to the bottom of a string of
drill pipe 12 by a threaded joint 14. Attached to the
bottom of the tubular body 18 by a threaded joint 15 is
2 bit 16, which may be either a conventional drilling bit
or a coring bit. The bit 16 has passageways 18 extend-
ing therethrough. The entire assembly is shown in a
bore hole 28 and penetrating a formation 22 which is to
be tested.

The tubular body 10 has an axial passageway or bore
42 extending therethrough. The bore 42 includes a lower
section 56 of reduced diameter providing a shoulder 57
therein and an enlarged section 19 which provides shoul-
ders 21 and 23 therein.

A suitable formation packer 24, such as the inflation
or expandable type, is positioned in an exterior recess 25
located in the tubular body 10,

A passageway 26 enters the recess 25 at an opening 28
and extends upwardly within the side wail of the tubular
body 19 entering the bore 42 at an opening 39 just below
the shoulder 21 permitting fluid communication from the
bore 42 to the interior of the packer 24. A port 41 ex-
tends through the sidewail of the tubular body 10 slightly
above the packer 24 permitting fluid communication be-
tween the bore 42 and the annulus 44. A port 81 exteads
through the sidewall of the tubular body 10 slightly below
the opening 39 permitting fluid communication between
the bere 42 and the annulus 44.

A pressure-responsive sleeve valve member 32 is slid-
ably located within the bore 42 of the tubular body 10.
The sleeve valve 32 includes a hollow body 33, which
is provided with a flange 35 located on the upper end
thereof, and a valve spring 49.

The flange 35 extends into the enlarged section 19
of the bore 42 and carries in its outer periphery a suit-
able O-type seal 38. The O-type seal 38 provides a
wiping action between the flange 35 and the interior wall
of the enlarged secticn 19 assuring the freedom of move-
ment of the sleeve valve 32 within the tubular body
16. The hollow body 33 is also provided with ports
47 and 49 which, when the sleeve valve 32 is in the lower
or open position, as shown in FIGURE 3, allows fiuid
to enter the passageway 26 and the port 41 respectively
from the interior 31 of the sleeve valve 32.

Sealing rings 34, 36, 43 and 45 are suitably arranged
on the hollow body 33 so that, when the sleeve valve
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32 is in an upper or closed position, as shown in FIG-
URE 1, fluid-tight seals are effected which prevent fluid
from entering the opening 26 and tke port 41 from the
interior 31 of the sleeve valve 32, but permit fluid from
the annulus 44 to flow to the interior of the packer 24
through the port 81, opening 36, passageway 26, and
the opening 23.

The valve spring 4% encircles the hollow body 33 and
is retained thereon between a lower surface 39 of the
flange 35 and the shoulder 21 in the bore 42. The valve
spring 40 is of the compression type and, in its normai
position, holds the sleeve valve 32 in an upper or closed
position as shown in FIGURE 1.

Referring to FIGURES 2 and 3 of the drawing, a
sample receiving assembly 46 is shown disposed inside
the tubular body 18. The sample receiving assembly 46
is adapted at 48 for lowering and retrieving by a con-
ventional wire line (not shown). )

The sample receiving assembly 46 includes a sample
chamber 50 located within the upper portion théreof, a
pressure-responsive valve assembly 58 located below the
sample chamber 59 and interconnected therewith by a
passagewzy 52, and a chamber 75 located in the lower
portion of the sample receiving assembly 46. The sam-
ple receiving assembly 46 is also provided with sealing
members 72 and 74 which are illustrated in FIGURES
2 and 3 as being upwardly facing cup-type packers. The
sealing members 72 and 74 are positioned in recesses 79
and 89 located in the exterior of the sample receiving
assembly 46.

The pressure-responsive valve assembly 58 includes a
valve housing 55 formed within the sample receiving
assembly 45, a hollow chamber closing valve member
69 slidably mounted within the valve housing 59, and
a spring €6, also mounted within the valve housing 59,
which tends to hold the hollow chamber closing valve
member 68 in its upward or closed position as shown
in FIGURE 2.

The hollow chamber closing wvalve member 6%, as
illustrated, is a tubular member provided with an ex-
terior flange 62 near the longitudinal center thereof and
provided with ports 61 extending through the side wall
of its upper end portion. The exterior flange 62 car-
ries an O-type seal 64 which is adapted to form a slid-
able vet fluid-tight seal with the interior of the valve
housing 59.

The valve housing 59 is divided into an upper valve
chamber 63 and a lower valve chamber 65 by an in-
wardly projecting flange 67. An O-type seal 63 is lo-
cated in a recess in the inner periphery of the flange 67.

The hollow chamber closing valve member 6§ is posi-
tioned in the valve housing 59 in such a manner that
the exterior flange 62 is located in the lower valve cham-
ber 65. When so positioned, the upper end portion
thereof extends into a section 69 of the upper valve cham-
ber 63 that is of a reduced diameter. The seciion 69
of reduced diameter is provided with an O-type seal 70
which forms a slidable seal with the hollow chamber
closing valve member 69.

The lower valve chamber &5 also has a section 73 of
reduced diameter forming a shoulder 75 therein. The
lower end portion of the hollow chamber closing valve
member 69 extends into the section 73. The lower valve
chamber 65 also has ports 71 which extend through the
side wall thereof, allowing fluid from the bore 42 to
enter the lower valve chamber 65 above the exterior
flange 62 of the hollow chamber closing valve member
69, but below the inwardly projecting flange 67.

The spring 66 encircles the hollow chamber closing
valve member 69 in the lower valve chamber 65 and is
retained in this position by the lower surface of the ex-
terior flange 62 and the shoulder 75. The lower valve
chamber 65 is connected to a passageway 54 which ex-
tends downwardly through the sample receiving assem-
bly 46 and has its lower end open to the section 56 of
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the bore 42 below the cup-type packer 74, but above the
chamber 76.

A passageway 78 extends downwardly from the shoul-
der 75 opening =t $2 into the interior 31 of the hollow
body 33. The passegeway 78 permits fluid comiriutii-
cation between the lower valve chamber 65 and the in-
terior 31 of the sleeve valve 32.

The chamber 76 has a port 77 extending through the
sidewall thereof allowing fluid from the bore 42 to enter
therein. The chamber 76 is adapted to receive a cofi-
ventional pressure recording device 76’ _ o

An illustration of the operation and coaction of the
elements of the invention is as follows: L

During drilling operations, the tool 19 is ¢onnécted to
the lowest section of the drill pipe 12 and a bit 16 is at-
tached at the bottofil. The pressure-responsive sleeve
valve 32 is in the closed position, as shown in FIGURE
1 of the drawing. Drilling fluid is circulated in the
conventional manner down through the bore 42, out
through the passageway 18 in the bit 16, and back to
the surface through the annulus 44. Since the opening
39 is isolated by the sealing rings 34 and 36 on the
sleeve wvalve 32, no drilling fluid ¢éafi réach the interior
of the packer 24 from the bore 42. To prevert the un-
intentional expansionl of thé packer 24, the port 81 is
located $o that fluid from the annulus 44 may communi-
cate with the interior of the packer 24 through the open-
ing 38, the passageway 26, and the copening 28. Thus
hydrostatic pressure, due to the height of the column of
drilling fluid, is exerted both on the interior and exterior
of the packer 24.

When it is desired to obtain a sample of the fluid
contents of a formation 22, the sample-receiving assem-
bly 45 is either pumped down or lowered on a wire ling
and seated in the bit 16, as shown in FIGURES 2 and 3
of the drawing. The spring 6§ maintains the valve 58
in the closed position as shown in FIGURE 2 and is of
such strength that it will hold the valve 58 closed until
a pressure in excess of that required to inflate the packer
24 is applied.

With the sample receiving assembly 486 seated in the
bit 16, pump pressure at the surface is applied to the
drilling fluid in the drill pipe 42. The drilling fuid is
restrained from downward passage around the sample te-
ceiving assembly 46 by the lips of the upward facing cup
packer 72. The pressure on the fluid surrounding the
sample receiving assembly 46 is transmitted to the sleeve
valve 32. When sufficient pressure is applied to overconi¢
the resistance of the spring 4¢ and the upward force on
the sleeve valve 32 due to hydrostatic pressure of the well
fluids, the sleeve valve 32 moves downwardly umntil the
sealing ring 34 moves below the opening 3@ placing the
ports 39 and 47 in fluid communication and sealing the
port 81 between the seals 34 and 36. Consequentily, the
drilling fluid is forced through the port 47 and the open-
ing 30 into the passageway 26 and into the packer 24
through the opening 28. Sufficient drilling fluid is pumped
to inflate the packer 24, so that it firmly engages the wall
of the bore hole 20 forming a fluidtight seal therewith.
As the packer 24 inflates, a volume reduction takes place
peneath it with a resulting pressure build-up on the
trapped drilling fiuid. The pressure build-up forces the
trapped drilling fiuid through the passages 18 of the bit
16, into the section 56 of the bore 42 around the sam-
ple receiving assembly 46, past the lip of the packer 74
and out into the annulus 44 by means of the ports 49 and
41, which have been aligned by the movement of the
sleeve valve 32, so that fluid may communicate through
them. Thus, the pressure below and above the packer
24 will be equalized.

After the packer 24 has been inflated, and will accept
no additional fluid, continued pumping of drilling fiuid
forces a portion of the fluid from the bore 42 through
the port 71 into the lower valve chamber 65 above the
exterior flange 62. When sufficient pressure has built
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up to overcome the force exerted by the spring 66, the
hollow chamber closing valve member 60 is moved down-
wardly from a closed position, as illustrated in FIGURE
2, to an open position, as illustrated in FIGURE 3. In
this position the ports 61 in the hollow chamber closing
valve member 6§ are open to the upper valve chamber
63. TFluid from the formation 22, which may have al-
ready filled the passageways 18 and 54, can pass through
the valve assembly 58 into the passageways 52 and thence
into the sample chamber 59 which is at atmospheric pres-
sure.

Although the fluid, which is initially in the bore 42
and the passageways 18 and 54, is a mixture of the vari-
ous fiuids produced with those used in drilling opera-
tions, further contamination of the fluid produced from
the formation 22 during the test is prevented by the pack-
er 24 and the cup-type packers 72 and 74.

After the sample chamber 5¢ has filled with fluid, the
pressure being exerted by the pumps at the surface is
released. When the pressure on the exterior flange 62
has decreased sufficiently, the hollow chamber closing
valve member 68 will be moved upwardly by the spring
66. It will be noted that the sleeve valve 32 is still in
the open position and fiuid in the annulus 44, which is
at hydrostatic pressure, may pass through the ports 41
and 49 entering the lower valve chamber 65 through the
passageway 78 and exerting hydrostatic pressure on the
lower side of the exterior flange 62 assisting the spring
66 to move the hollow chamber closing valve member
69 rapidly into the closed position. This is very important
in that it decreases the possibility of contamination oc-
curring. The port 61 in the upper end portion of the
hollow chamber closing valve member 6¢ moves past and
is sealed by the O-type seal 70. The O-type seal 68 pro-
vides a fiuid-tight seal with the hollow chamber closing
valve member 69 thereby preventing fluid flow from the
upper valve chamber 63 to the lower valve chamber 63.

¢ valve assembly 58 is then in the closed position, as
shown in FIGURE 2, and the formation fluid is trapped
in the sample chamber 56, the passageway 52, and the
upper valve chamber 63.

Further decreases in pressure permits the sleeve valve
32 to return to its closed position due to the force ex-
erted by the spring 48. As a practical mattter, both the
sleeve valve 32 and the vaive assembly 58 close almost
instantaneously when the pressure is released. It should
be noted however, that the valve assembly 58 closes be-
fore the sleeve valve 32 thereby eliminating the possibility
of contaminated fluids entering the sample chamber 59.
If the slecve valve 32 closed first allowing the packer 24
to collapse, fluid in the annulus 44 above the packer 24
would flow downwardly into the portion of the bore hole
20 therebelow and possibly enter the sample chamber 58
contaminating the fluid sample therein.

After the sample has been obtained, the sample receiv-
in gassembly 46 may be retrieved by conventional means,
such as a wire line, and drilling operations coatinue umn-
til it is desired to take another test.

While only one embodiment of the invention has been
shown and described herein, it will be understood that
various changes may be made without departing from the
spirit of the invention or the scope of the annexed claims.

I claim:

1. Apparatus for cbtaining fluid samples from a for-
mation penetrated during the drilling of an oil or gas
well or the like without removing the drilling string there-
from comprising a tubular body adapted to be connected
in said drilling siring near the lower end thereof, an ex-
pandable packing member encircling a portion of said
tubular body, said packing member being deformable to
form a fluid tight seal with the wall of said well, said
tubular body having a passageway extending from the
interior thereof in communication with the interior of
said packing member, a sleeve valve member movably
mounted in said tubular body for controlling flow through
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said passageway, a sample receiving assembly having 2
sample receiving chamber therein and a passageway ex-
tending generally downwardly from said chamber, said
downwardly extending passageway having its lower end
in communication with the well below said packing mem-
ber, said sample receiving assembly being removably in-
serted in said tubular body and sleeve valve member and
having seal means cooperable with said sleeve valve mem-
ber to permit pressure to be built up in the drilling string
thereabove, a chamber closing valve member movably
mounted in said downwardly extending passageway for
controlling fluid flow therethrough, said chamber closing
valve member having a portion thereof exposed to the
pressure of fluid in the drilling string, said sleeve valve
member and chamber closing valve member being mov-
able to permit flow of pressure liquid from the interior of
said drilling string into said packing member and subse-
quently to permit fluid flow of formation fluid into said
sample chamber upon the application of predetermined
pressures in said drilling string, and means, including a
port in said sleeve valve member and a port extending
through the wall of said tubular body above said pack-
ing member, to permit equalization of pressure in the well
above and below said packing member during the ex-
pansion thereof.

2. Apparatus for obtaining fluid samples from a forma-
tion penetrated during the drilling of an oil or gas well or
the like without removing the drilling string therefrom
comprising a tubular body adapted to be connected in said
drilling string near the lower end thereof, an expandable
packing member encircling a portion of said tubular body,
said packing member being deformable to form a fluid
tight seal with the wall of said well, said tubular body
having a passageway extending from the interior thereof in
communication with the interior of said packing member
and an upper port extending through the wall thereof
above the packing member in communication with said
well, a sleeve valve member mounted in said tubular body
for controlling flow through said passageway and upper
port, said sleeve valve member being mounted for move-
ment from a first position in which said port and passage-
way are in communication with each other to equalize
pressure inside and outside said packing member, to a
second position in which said port is closed and said pas-

> sageway is in communication with the interior of the drill-

ing string thereby permitting hydraulic expansion of said
packing member by fluid in the drilling string, said tubu-
lar body also having a lower port extending through the
wall thereof above said packing member and in communi-
cation with said well, means on said sleeve valve member
preventing flow through said lower port when the sleeve
valve member is in said first position and permitting flow
therethrough when the sleeve valve member is in its sec-
ond position thereby equalizing the pressure of fluid in the
well above and below said packing member during the ex-
pansion thereof, said sleeve valve member being movable
from the first to the second position upon the application
of a predetermined pressure io the fluid in the drilling
string, a sample receiving assembly removably inserted in
said tubular body and sleeve valve member, sealing mem-
bers encircling said assembly engageable with said sleeve
valve member to permit pressure to be built up in the drill-
ing string thereabove, said assembly having a sample
chamber therein and a passageway extending downwardly
from said chamber therein, said downwardly extending
passageway having its lower end in communication with
the well below said packing member, a chamber closing
valve member movably mounted in said downwardly ex-
tending passageway for controlling flow therethrough, said
chamber closing valve member having a portion thereof
exposed to the fluid in the drilling string, and said chamber
closing valve member being movable upon the applica-
tion of a predetermined pressure to said fluid in excess
of that required to move said sleeve valve member.

3. The invention of claim 2 including means forming
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a second chamber in said assembly, a port extending
through the wall of said asesmbly permitting fluid com-
munication between said second chamber and the well
below said packing member, and a pressure recording de-
vice mounted in said second chamber for recording the
pressure of fluid in the well below said packing member.

4. Apparatus for obtaining fluid samples from a forma-
tion penetrated during the drilling of a well without remov-
ing the drilling string from the well, comprising in com-
bination: a tubular body adapted for connection to the
drilling string near the lower end thereof, a sample receiv-
ing assembly insertable into said tubular body through
said drilling string, a deformable packer encircling a por-
tion of said tubular body and expandable into contact with
the wall of the well, hydraulic means including a passage-
way in said tubular body for conveying diquid under pres-
sure from the interior of said tubular body to expand said
packer, said tubular body having lateral pori means ex-
tending through the wall thereof, and valve means on the
tubular body movable between a first position connecting
said passageway to said port means for equalizing the
pressure inside and outside said packer and a second posi-
tion conmecting said passageway to the interior of the
drilling string, said valve means in said second position
also acting to connect the interior of said tubular body
below said packer to said port means in order to equalize
pressure above and below said packer during expansion
thereof.

5. In a device for use with a drilling string in a well,
the sub-combination of a tubular body adapted for con-
nection to the drilling string near the lower end thereof,
a deformable packer encircling a portion of said tubular
body and expandable into contact with the wall of the
well, hydraulic means including a passageway in said
tubular body for conveying liquid under pressure from the
interior of said tubular body to expand said packer, said
tubular body having lateral port means extending through
the wall thereof, and a valve on the tubular body mov-
able between a first position connecting said passageway
to said port means for equalizing the pressure inside and
outside said packer and a second position connecting said
passageway to the interior of the drilling string, said valve
in said second position also acting to connect the interior
of said tubular body below said packer to said port means
in order to equalize pressure above and below said packer
during expansion thereof.

6. Apparatus for cbtaining fluid samples from a forma-
tion penetrated during the drilling of a well without re-
moving the drilling string from the well, comprising in
combination: a tubular body adapted for commection to
the drilling string near the lower end thereof, a deform-
able packer encircling a portion of said tubular body and
expandable into contact with the wall of the well, hydraulic
means including a passageway in said tubular body for
conveying liquid under pressure from the interior of said
tubular body to expand said packer, said tubular body
having lateral port means extending throngh the wall
thereof, a sleeve valve on the tubular body movable longi-
tudinally between a first position connecting said passage-
way to said port means for equalizing the pressure inside
- and outside said packer and a second position connecting
said passageway to the interior of the drilling string, said
sleeve valve in said second position also acting to connect
the interior of said tubular body below said packer to said
port means in order to equalize pressure above and below
said packer during expansion thereof, a sample receiving
assembly longitudinally insertable into said tubular body
and sleeve valve through the drilling string, and seal means
acting to prevent leakage between said sleeve valve and
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said sample receiving assembly, and means on the sleeve
valve responsive to liquid pressure in said drilling string
for moving the sleeve valve from first to second position.

7. Apparatus for obtaining fluid samples from a forma-
tion penetrated during the drilling of a well without re-
moving the drilling string from the well, comprising in
combination: a tubular body adapted for connection to
the drilling string near the lower end thereof, 2 deformable
packer encircling a portion of said tubular body and ex-
pandable into contact with the wall of the well, hydraulic
means including a passage in said tubular body for con-
veying liguid under pressure from the interior of said
tubular body to expand said packer, a sleeve valve on the
tubular body movable longitudinally to connect said pas-
sageway to the interior of the drilling string, means on
the sleeve valve responsive to liquid pressure in said
drilling string for moving the sleeve valve from first to
second position, a sample receiving assembly longitudi-
nally insertable into said tubular body and sleeve valve
through the drilling string, and seal means acting to pre-
vent leakage between said sleeve valve and said sample
receiving assembly, the sample receiving assembly having
a member provided with a passage in communication with
the well below the packer to receive a sample of well fluid,
valve means on said assembly controlling flow through the
latter said passage, and means on said assembly for operat-
ing said valve means.

8. Apparatus for obtaining fluid samples from a forma-
tion penetrated during the drilling of an oil or gas well or
the like without removing the drilling string therefrom
comprising a tubular body adapted to be connected in
said drilling string near the lower end thereof, an expand-
able packing member encircling a portion of said tubular
body, said packing member being deformable to form a
fluid tight seal with the wall of said well, hydraulic means
including a passage in said tubular body for conveying
liquid under pressure from the dnterior of said tubular
body to expand said packing member, said hydraulic
means including a sleeve valve member movably mounted
in the interior of said tubular body for controlling flow of
liquid through said passage, said sleeve valve member and
said tubular body having means including ports providing
a by-pass passageway circumventing said packing member
for equalizing the pressure above and below said packing
member during expansion thereof, said sleeve valve mem-
ber having pressure responsive means movable upon the
application of a first predetermined pressure to the liquid
in said drilling string and tubular body to enable said
liquid to be conveyed to said packing member, a sample
recefving assembly removably inserted in said tubular
body and sleeve valve member and having means cooper-
able with said sleeve valve member to close the bore
thereof to permit pressure to be built up to said first pre-
determined pressure in the drilling string thereabove, said
assembly having a sample receiving chamber therein and
a passageway therein “extending generally downwardly
from said chamber, said assembly also having a chamber
closing valve member movably mounted in said down-
wardly extending passageway for controlling flow there-
through, said chamber closing valve member having a
portion thereof exposed to the liquid in said drilling string
and being movable to open position upon the application
of a predetermined pressure to said liquid in excess of
that required to move said sleeve valve member.
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