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1 :

My invention relates to improvements in equip-
ment for taking samples of formation and forma-
tion fluids frem well koires—wells for praduction
of oif and gas particularly. The work of the
production engineer improves as his knowledge
of the formations in-which he is working in~
creases, as this knowledge becomes more com-
plete and more dependalble.” The factors involved
include permeabilities and porgsities of the
formations, composiiion of formation fAuids and
formation pressures. ‘The advantages of my in-
vention resides particularly in the ease, speed
and economy with which dependahle samples of
formation and of formation fluids can be taken
and recovered for examination and analysis and,
therefore, in the very complete data which; with
my invention, can be obtained in short grder-and
at reasonable cost for a well or group of wells
or-a productive area. ’ )

My  invenfionn comprises a tester-sammpler
adapter to be Jowered through a well bore which,
at a predefermined position.in the well bore, will
take, simultaneously, a sample of the formation
and, under formation pressure, a sample of the
fomation flvids and which will retain those sam-
ples, that of the fermation fuids under forma-
tion pressure, as the tester-sampler is withdrawn
through the well bore with & minimum of con-
tamination, for example with muds or other driil-
ing fluids used for drilling or sealing off the walls
of the bore. . : :

. The formation tester and sampler of my in-

" vention -consists essentially of & body member

adapted to be lowered through g well bore with
its long axis approximately coincident with that
of the well bore, a base meniber positioned with-
in the body member and pivoted therein on an
axis normal to the Jong axis of the body mem-
ber, & projectable tubular member openx at its
‘outer end carried by the base member which,
when retracted with s axis of projection: normal
to the long axis of the body member, lies within
‘the body member and which, when extended with
its axis of projection normal to the long axis of
‘the body member, projects heyond the body mem-
ber in a plane approximately normal to the gxis
of the well bore, a recess in the body member
adapted to receive the projectable member when
extended with said base member turned so that
the axis of projection of the suspended project-
able member is approximately paralie] to the long
axis of the body member, power means carried by
the body member for driving the projectable
member inte the formation around the well hore
in a plane approximately normal to the axis of
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the well bore when the body member is in pre-
determined position within the well bore, ~and
means for releasing the projectable member to
permit withdrawal of the body member through
the well bore. o :

The formation tester and sampler of my inven-
tion also comprises, with advantage, a chamber
carried by the body member for receiving a sample
of formation fluids through a connection open-
ing into the interior of the projectable tubular
member, means for opening this connection after
the open end of the projectable member has en-
tered the formation and means for closing this
connection after the projectable member has been
extended and before it is withdrawn from the
formadtion. : i e

The formation tester and sampler of my in-
vention can be lowered into the wall bore on a
wire line, particularly where speed is important
as where samples are o be taken at a number 6f
horizons, or it can be lowered on a run-in string
of tubing or drill pipe, as where g production ’_cest
of some duration is to be run on one or more of
any producing formations penetrated by the well
bore. In such cases, the connection opening into

- the interior of the projectable member is ar-
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ranged to communicate with the lower end of
the tubing or drill pipe rather than the sample
chamber carried by the body member of . the
tester-sampler. . ' :
To facilitate understanding of my invention, T
will described it further by reference to the ac-
companying drawings illustrating, diagraramat-
ically and conventionally, two emhodiments. of
my improved tester-sarmpler, and its general
mode of operation, but it will he understood that
this detailed exemplification is by way of illus-
tration, not limitation, of the invention above
stated. Inthese drawings: S e
Figs. 1, 2 and 2 are fragmentary representa-
tions, the first two isometric and the third in ele-
vation, with parts broken away, of- the upper,
middle’ and lower portions, respectively,  of ‘4
tester-sampler embodying my inventien. .-~
Fig. 4 is a similar isometric representation,
corresponding generally to Figs. 1, 2 and 3, taken
together with the detail of Fig. 2 omitted, of a
modified tester-sampler embodying my inven-
tion; : =
Fig. b is a section on the line 5§
and .
Figs. 6 and 7 illustrate, as views in elevation
and partly in. section and with parts broken

of Fig. 1;

‘away, the operation of. tester-samplers, such as
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those of the preceding figures, embodying my
invention.

Although my invention is a combination of
elements in a particular relationship, I will refer
first to Figs. 6 and 7 which illustrate the mode of
operation of one of the characteristic elements
of the tester-sampler of my invention, soine de-
tails of which in particular embodiments are also
shown in Figs. 1'and 5. The assembled forma-
tion tester and sampler is lowered through the
well bore by means of 2, to the horizon at which
samples are to be taken with the base member
{1 in the position illustrated in Fig. 6 but with
the projectable member comprising elements {8
and 16 retracted as shown in Fig. 1. With the
tester-sampler in position, the operation pro-
ceeds in a sequence of steps timed either through
one or more control conductors extending to the
surface or by means of a control timer carried by
the tester-sampler. First, the projectable mem-
per is driven into the formation. The open end
of the projectable member may be initially cov-
ered with a sheet of appropriate plastic mechan-
ically destroyed as the projectable member is ex-~
tended, to exclude fluids before the projectabie
member is extended. Since, as the projectabie
‘member is extended, it moves in a plane approx-
imately normal to the axis of the well bore, the
entering edge of the advancing tubular member
establishes a seal excluding fluids other than for-
‘mation fiuids, drilling muds for example, a3 soon
as it begins to encounter resistance from the for-
mation. With the projectable member fully ex-
tended, a formation sample.similar to a core
sample fills the outer part of the extended
tubular member 6. As the projectable member
reaches the limit of its extension, or shortly
‘thereafter, connection 19 between the interior of
the extended tubular member, and thus the for-
mation, and a sample chamber carried by the
_tester-sampler is opened to permit the taking,
through the extended projectable member, of a
sample of formation fluids under formation pres-
sure.
the sample chamber may be at atmospheric
pressure, or, for example, it may be charged with
nitrogen to some predetermined pressure. Then,
either before the tester-sample-is retracted or
as withdrawal of the tester-sampler begins, this
connection 19 is closed to retain the sample of
formation fluids as taken. Also, before the test-
er-sampler is retracted, the force driving the pro-
jectable member intc the formation is released.
The tester-sampler is then pulled out of the well
bore, the extended projectable member swinging,
“on the axis of pivots 12 and 13, info the position
illustrated in Fig. 7, to permit recovery for ex-
amination and analysis of the samples thus taken
of the formation and of the formation fluids.
Pressure recording devices or temperature re-
cording devices or both, responsive to the pres-
sure and temperature of the formation fuids
flowing through connection 19, can alsc be car-
ried by the tester-sampler.

Now, I will refer more particularly to the em-
bodiment of my invention illustrated in Figs. 1,
2, 3 and 5. The tester-sampler of my invention
comprises a body member { adapted to be low-
ered through a well bore with its long axis ap-
proximately coincident with that of the well bore,
a base member 1{ positioned within this body
member on pivots {2 and 3, a projectable tubu-
lar member comprising telescopic tubes 15 and
-1, a recess 10 in the body member-§ adapted to

receive the projectable member when extended :

Prior to the opening of this connection, .
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with the base member 1i turned so that the axis
of projection of the projectable member is ap-
proximately parallel to the long axis of the body
mermber, power means comprising the piston 42
working in the power cylinder 43, and thus
through. appropriate hydraulic connections and
control means, for driving the projectable mem-
ber into the formation around the well bore, and
means for releasing the projectable member to
permit withdrawal of the body member through
the well bore and for controlling the taking
samples of formation fluids. The base member
ii is chambered to receive the several tubular
elements 15, 16, 1T -and {8. This chamber 33

- connects, hydraulically, with the power cylinder

43 through ducts 34, 35 and 36. The flanged in-
ner ends of these tubular elements 21, 24 and
21, sealed by means of rubber rings 22, 25, 28
and 29, move as pistons in the annular space
between the cylindrical wall 14 of chamber 33
and the ¢onductor tube 18 secured to the inner
part of the base member. Retaining ring 23 holds
the assembly in place. - The outer end of tube 16
is provided with a cutting edge 31, to facilitate
entry into the formation, and clearance is pro-
vided by the retreating flanges 32 and 30 on the
tubes 18 and {5, respectively. When the axis of
projection of the projectable member is normal
to the long axis of the body member I, conduc-
tor tube 18 communicates through port 20 with
connection. 18. ‘When the base member 11, and
thus the projectable member is turned from fthis
position, this port 20 is closed by revolution of
fhe base member. A rubber seal 26 is provided
to make this closure effective. A spring lock com-~
prising ball 38 loaded by spring 37 and recess
39 in the base member {{ is provided to hold the
base member in position as the tester-sampler
is lowered into position. The body member {
comprises a center part 5, an upper part 3 of re~
duced diameter carrying a sample chamber )
and any pressure or temperature recording de-
vices, and a lower part T carrying the power
means. This center part 5 may carry control
elements in addition to the base member and
projectable member just described. In the em-
bodiment illustrated, connection 19 between the
conductor tube 18 and the sample chamber 4
is also controlled by a pressure actuated valve
comprising piston 70 (accessible through plug 13)
which, when the pressure in chamber 69 exceeds
that exerted by spring T{, moves (to the left in -
Fig. 1) to open this connection through port 12,
otherwise to close it. The spring 71 and the
area of the piston 70 may be proportioned to ef-
fect the desired control, or a frangible disc 68
(accessible through plug 14) in connection 67 be-
tween chamber 69 and connection 36 may be ar-
ranged to rupture at a predetermined pressure
and thus to open the connection 19 only after

‘this pressure has been exceeded In the hydraulic

system through which the power means oper-
ates.  Also in this embodiment, means are pro-
vided for releasing through passage 64 the hy-
draulic pressure imposed by the power means
through connectiion 36 after the power means
has been actuated. These means comprise. &

frangible disc 66 seated on gasket 66”, a pro-

jectile 83 to be discharged through plug 6l
(seated on gasket 62) and disc 66 and thus into
the well bore and at the same time fo release

plug 65 and-a powder charge 60 for discharging

this projectile when igniter wire 59 is heated.
The power means comprises a piston 42 moving

in power cylinder -43 and driven by piston 40
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moving in eylinder &I. "These pistons are pro-
vided with sppropriste sealing rings as'ndicated.
In the embodiment lfustrated in Fig. 3; the pis-
ton 40 is acfuated by a powder charge #T in the
chamber between thé pistor 46 when in the Iower
- position defined by the limit rim 45 and the base
plate 46 on the anmular rin 49 fired by heating,
electrically, igniter wire 51. The hydraulic sys-
tem, cylinder 43, connections 3¢, 64 and 67 and
the initial volume of cylinders 33 and 69, are
filled with an hydraulic fluid, @il for example,

1o

pistons 48 and 42 are positioned and casing 44 -

is secured to the body member {, after install-
ing discs 66 and 68, prior to each test and sanm-~
pling operation. Similarly, casing 48, carrying
in chamber 52 a timing cloek 50 with two ad-
‘justable contacts 54 and- 55 adapted to eloge ¢ir-
cuits through battery 51 and insulated eoriduc-
tors 56 and 58 and thus through wires 51 and
59, respectively, by operation of the revolving

20

contact arm 53, is secured to the lower end of

casing 44 after the timing clock is set. A sleeve
is provided over casing 44 or 48 or both (or casing
19 in Fig. 4) to protect any control conductors
carried past the power cylinder externally of
casing 44.

In the embodiment 1]1ustrated in Fig. 4, in-
stead of actuating the power piston 40 with a
powder charge, it is actuated by the pressure of
the liquid column in the well bore when a pro-
jectile firing mechanism 9, similar to 59—=83, rup-
tures frangible disc T6 admitting the liquid to

25

hydraulic system begins te inerease. First, as
the pressure in the chamber 33 itwereases, the
tubular elements: {5 and 6 are driven: inte-the
formation. Next, as the pressure continues to

‘Inerease and thus after these tubular elemerits

have enfered the formation, connection (8 is
opened establishing communication between the
saraple chamber § and the formation, wnder for-
mation pressure, through tubes 16, IT and I8
Next, the pressure in the hydraulie system is re~

-leased, by firing of projectile 83, closing connec-
“tlon 18 and releasing the projectable member

comprising tubes k¥ and 16. Finally, the tester-
sampler is pulled fo the surfaece for recovery
of the sample of formation fluids retained in the
sample chamber & and the formation sample
rétained in tube 6 or tubes 6 and IF. As pull-

out of the tester-sampler begins, the extended
brojectable member swings downwardly, by rev-

olution of the base member if on the pivots
{2 and {3, into the recess in the body member
f, this revolution also closing connection 19 at
port 20. It will be apparent that this operation,
producing a simultaneous sample of formation
fluids and of the same formation, can be com~
pleted virtually as quickly as the tester-sampler
of my inventicn can be run in and out of the
well bore. Time usually being the most expen-

~ sive factor in drilling operations, the tester-sam-

30

pler of my invention thus provides a particularly

" important economy in making a test or series of

the space within casing 719 beneath piston 49. In -

the embodiment of Fig. 4, the power means is put
in operation by an impulse transmitted over con-
ductor 17, the release mechanism (59—66) by an
impulse transmitted over conductor 78. It will
be apparent that either power means, that of
Fig. 3 or that of Fig. 4, or the release means
may be controlled by either of such mechanisms
and thus by controls carried by the tester-sam-
pler or from the upper end of the well bore.

To drive the power piston 40 in the embodiment
illustrated in Fig. 3, conventional slow-burning
powders may be used. For example, the powder
used in conventional railroad fusees composed of

a mixture of carbon and sodium nitrate and

sodium perchlorate may be used. In such com-
positions, the carbon is usually. supplied as wood
dust but I prefer to use carbon black as more
uniform and more reliable. The charge of pow-
der is proportioned to the area and travel of the
power piston, to deliver, through the hydraulic
system, the necessary driving force for extension
of the projectable member intoc the formation.
Satisfactory results are usually obtained with
maximum pressures in the power cylinder ap-
proximating 7000 Ibs. per square inch, and such
pressures are easily obtained and controlled with
ccnventional powders.

The mode of operation of the formation tester
and sampler of my invention illustrated in the ac-
companying drawings is as‘follows: The powder
charges 47 and 60 are inserted the frangible
discs 66 and 68 (and 78 if used) are inserted, the
hydraulic system is charged, a clean sample
chamber 49 is inserted, and the tester-sampler
is agsembled with the base member {i and the
projectable member in the position shown in Fig.
1. The assembled tester-sampler is then lowered
to the horizon at which samples are to be taken
on cable 2. With the tester-sampler in position,
the power piston 48 is actuated, by a timing
mechanism as in Fig. 3 or through a conductor
to the surface as in Fig. 4, and pressure in the
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Iclaim: .

1. A formation tester and sampler comprising
a body member adapted to be lowered through
a well bore with its long axis approximately coin-
cident with that of the well bore, a base mem-
ber positioned within said body member and piv-
oted on an axis therein normal to the long axis
of the body member, a projectable tubular mem-
ber open at its outer end carried by said base
member which, when retracted with its axis of
projection normal to the long axis of the body
member, lies within said body member and which,
when extended with its axis of projection nor-
mal to the long axis of the body member, pro-
jects beyond the body member in a plane ap-
‘proximately normal to the axis of such well bore,

a recess in said body member adapted to re-

ceive said projectable member when extended
with said base member turned so that the axis
of projection of said projectable member is ap-
proximately parallel to the long axis of the body
member, power means carried by said body mem-
ber for driving said projectable member into the
formation around the well bore in a plane ap-
proximately normal to the axis of the well bore
when the body member is in position within the
well bore, and means for releasing said project-
able member to permit withdrawal of said body
member through the well bore.

2. A formafion tester and sampler comprising
a body member adapted to be lowered through
a well bore with its long axis approximately co-
incident with that of the well bore, a base mem-
ber positioned within said body member and
pivoted on an axis therein normal to the long

axis of the body member, a projectable tubular

member open at its outer end carried by said base
member which, when retracted with its axis of
projection normal to the long axis of the body
member, lies within said body member and which,
when extended with its axis of projection normal
to the long axis of the body member, projects be-
yond the body member in a plane approximately
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normal to the axis of such well bore, a recess in
said body member adapted to receive said pro-
jectable. member when extended with said base
member turned so that the axis of projection of
said projectable member is approximately par-
allel to the long axis of the body member, power
means carried by said body member for driving
said projectable member into the formation
around the well bore in a plane approximately
normal to the axis of the well bore when the
body member is in position within the well
bore, a chamber carried by said body member for
receiving a sample of the formation fluids
through a connection opening into the interior
of said projectable tubular member, means for
opening said connection after the open end of
said projectable member has entered the forma-
tion and means for closing said connection after

[
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said projectable member has been extended and
before said projectable member. is withdrawn

~from the formation, and means for releasing said

projectable member to permit withdrawal of said

body member through the well bore.

ROBERT O. POLLARD, Jx. .
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