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Application October 11, 1954, Serial No. 461,362
6 Claims. (Cl, 166—149)

This invention relates to well-testing tools to be in-
serted In a tubing string just above a well packer, this
assembly being lowered into the well for the purpose of
making a test in the manner which will be hercinafter
described.
tester and bypass tool capable of making a test after the
packer has packed off the column of mud above the strata
to be tested, and capable of bypassing the mud above the
packer to the well annulus below the packer after the test
has been completed for the purpose of facilitating unseat-
ing of the packer.

As is well known in the art, the bore of a well is gen-
erally filled with a heavy mud, the density of which is

controlled during circulation thereof, and the mud serving
to provide a back pressure on the lower strata of the well
s0 as to control the well against blowouts. The hvdro-
static pressure of the column of mud counteracts the pres-
sure in the oil or gas bearing strata, but it also has a
tendency to clag the strata and reduce the rate cof flow
therefrom.
to pack off the mud within the annulus above the packer
to confine the mud to the well annulus above the straia
to be tested, and to relieve the hydrostatic pressure of the
mud thereon so as to facilitate the flow of ¢il or gas from
the strata through the tubing string, the bore of which
communicates with a passage through the packer.

It 1s the principal object of my invention to provide a
4-posttion testing and bypass tool to be inserted in the
tubing string above the packer, the four positions in ths
testing tool including: an initial shut-in position wherein
entry of the mud into the tubing string is prevented before
the packer is set; a second position wherein the bore of
the tubing string is connected to communicate with the
passage through the packer to connect with the annulus

below the packer for the purpose of taking a fesi sample

therefrom; a third position wherein the bore of the tubmg
string 1s again shut-in so as to prevent further communi-

cation of the bore with the well annulus being tested; and

a fourth position wherein the bore of the tubing siring
above the testing fool remains shut-in and the passage
‘through the packer below the testing tool is connected
through the testing tool with the annulus of the well above

the packer so as to bypass the hydrostatic pressure of the

mud from above the packer to the annulus below

the packer to facilitate unseating of the packer and re-

oval of the assembly from the well.

the annulus 1s not mixed with the test sample to any ap-
preciable extent, this purpose being accomplished bv the

structure of the tool which permits that portiea of the

tubing bore which receives the test to be shut in both
before and after seating of the packer.

A further very important object of my invention is to

provide a testing tool of the type described wherein the
tool is adjusted sequentially from one position to the next
by rotation of the tubing string in a single direction. Ad-

j'ustment of the position of the tool by rotation, as dis-

More particularly, this too] is 2 combinaticn

It is a long-established practice, ther Lfo.L-..,.

Another important object of this invention is to pm-- |
vide a testing and bypass tool wherein the mud within -
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tinguished from lifting, of the pipe string eliminates the
need for raising the string within the well while the packer
is seated. This is a particularly important feature since
lifting of the string while the packer is still seated as is
required in many prior-art testlng tools is usually very
difficult and frequently results in stralmng and consequent ,
elongation of the tubing, .

Another important object of the present invention is
to provide a dependable and relatively sm::ple testing and
bypass tool in a smgle self-contained unit. |

Still another primary object of my invention is to pro-
vide a testing and bypass tool having check-valve means
in its bore whereby circulation of the mud in the well
may be restored at any time regardless of the position of
the testing tool, so that the density of the mud may be
altered to meet new pressure conditions within the well,
or so that circulation may be restored for the purpose of
reconditioning the mud. |

Another important object of my invention is to provide
a multiple-position testing and bypass tool, the respective
positions of which may be quickly and easily controlled
from the ground surface above the well and which posi- .
tions may be accurately determined from the ground level
by the operators. -

Other objects and advantages of my invention will.
become apparent during the fe-llowmg descrlptmn of the
drawings, wherein;

Figure 1 1s a sectional elevatlen vView threugh a cased
well showing the testing tool inserted in a tublng string °
above a packer, the testmg tool being shown in cross sec- .

~ tion and bemg shown 1n 1ts initial shut-in position.

30

g0

- to the body 14 along its outer periphery and being pro- -

- ing hollow mandrel

Fig. 2 1s a view similar to Fig. 1 but showing the teol
adjusted to its test-sample receiving position.

Fig. 3 1s a view similar to Fig. 1 but showing the tool
adjusted to 1ts second shut-in position.

Fig. 4 is a view similar to Fig. 1 but showing the teol |
adjusted to its final bypass position wherein the annulus
above the packer is bypassed to the test strata below the
packer so as to equalize the hydraulic pressures above
and below the packer, the lower end of the packer not
being shown in any of these figures since it may be of any
conventional type. |

Referring now to the drawmgs hke reference char-

acters are used to designate similar parts in the various -

views, wherein are shown a well casing C into ‘which ex-
tends a conventional-type tubing string T attached at its
lower end to the upper end of the testing and bypass tool
i. The lower end of the testing and bypass tool is coupled
to the upper end of a packer P which has a passage B
extending therethrough and open at its bottom to the well
annulus. Only the top portion of the packer tool is shown
in the figures in view of the fact that any conventional-
type packer may be used with the present testing and by-
pass tool, provided the packer has a bore extending

through its length and _open at its bottem te the well

annulus, |
'The testing and bypass tool 1 which compnses the
present invention includes an outer body 1a, which body
is preferably cylindrical in form, the upper end of the ~
body being sealed by a stuffing box 2 through which a
hollow spindle 3 passes, the stuffing box 2 being sealed

vided with packing 2a adapted to seal the inner periph-

ery of the stuffing box 2 to the spindle 3 so as to pre-

vent entry of fluids into the bedy la.
Below the stuffing box 2 is a set of ball bearmgs 4, the'_'

outer race 4a of which is fixed to the body 1a and the

inner race 4b of which is fixed to the spindle 3. The -
spindle 3 is thus rotatably mounted in the upper end of -
the body 1a, and the apmdle is threaded at its lower
end 3a to engage threads 5a in the upper end of a slid-
5. The upper end of the mandrel § .
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3
in the vicinity of the threads 5a is enlarged and is
splined as at 56 to an internally splined sleeve 15 fixed

within the body 1a, this spline arrangement preventing
the mandrel 5 from rotating with respect to the body 1la

while - at- the - same' time- pérmitting  the mandrel 5 to

move up and down:-within: the body as the spindie 3 is

of the mandrel §. = |

rotated, the. threads 3a~—S5a causing the vertical motion

Within the bOdy".la and below the sleeve 1b is fixed a-
stuffing box 6 having upper and lower spaced packing

members 6a, and below the stuffing box 6 is ancther
stuffing. box 7 which: likewise has spaced upper and
lower packing 7a and which, in addition, has a plurality
of openings 7b axially disposed with respect to the body
12 so as-to permit the flow of fluid within the bodyv Ig
past the stuffing-box 7. The lower end of the body I
is enclosed by still another stuffing box 8 which has up-
per and lower spaced.packing members 8a and which,
in addition, has a plurality of radially disposed. ducts 85
which not only pass radially through the stufling box &
but also through the walls of the body 1o and com-
municate with the well annulus outside of the body.
The mandrel 5 passes downwardly through the respec-
tive -stuffing boxes 6, 7 and 8 and the packing 6a, 7a,
8a prevents the flow of fluids between the inner di-

ameters of the stuffing boxes 6, 7 and 8 and the outer

surface. of the mandrel 5. The lower end of the mandrel
5¢ is provided with a tool joint which connects to tie
upper end of the packer P, and the bore 54 of the
mandrel ‘5 connects with the annulus of the well below
the packer P through the passage B of the packer.
Within the bore 84 of the mandrel 5 is located a one-

way check valve 9 which engages a valve seat 9a fixed "

in the bore 8d and which check valve 9 is pressed by a
spring 9b against the valve seat 9a so as tc seal the bore
84 of the mandrel 5 against upward passage of well
fluids, but so as to be unseated by pressure above the
check valve so as to permit downward flow of iHuid
through the bore of the mandrel § for the purpose here-
inafter discussed. The mandrel § is also provided with
an upper series of apertures Se through the wall cf the
mandrel, and .is further provided with a plurality of
lower annularly disposed apertures 5f for the purpcse

hereinafter described.
Operation

As stated in the objects of. this 'inve:ntion, the testing
and bypass tool is connected into the tubing string be-
tween the tubing T and the packer P, the upper end of

the spindle 3 having a tool joint 30 which connects to
the lower end of the tubing T. It is to be understood -

that the packer P may be of any conventional design,
such as a “hook-wall” packer;, and should include well
gripping dogs to assist in the setting of the packer. The
assembly is then lowered into the well with the mandrel
5 in the position shown in Fig. 1. | S

This position may be referred to as the. first shut-in.
position, and it should be apparent that the bore of

the tubing or spindle and the upper portion of the
mandrel is closed against entry of fluid from below by
the fact that the upper apertures 5e through the mandrel
§ are shut in between the packing members 6a of the

stuffing box 6, and by the further fact that the lower

apertures 5f of the mandrel S are shut in between the
packing members 7a of the stuffing box7. |
When the assembly has been lowered to the: required
depth within the well casing C the
in the conventional manner so as to seal off the well
strata to be tested which is located below the packer P
from the annulus of the well above the packer P. By

this means the packer supports the weight of the mud

packer P is then set

4

ber of turns and thereby rotates the spindle 3 which is
cpnnected- thereto through the same number of revolu-
tions. When the tubing T and the string 3 have been

- thus rotated, the mandrel 5 then assumes the position

|

shown in Fig. 2 which is the testing position. In this
position the fluids from below the packer P flow up-
wardly through the passage B of the packer and continue
to flow upwardly through the bore 54 of the mandrel

5. When the fluids reach a point just below the check

10

valve 9 they pass outwardly of the bore 5d of the man-
dre]l throuzh the lower apertures 5f and continue to
travel upwardly through the openings 7b in the stuffing

“box 7, and finally return into the bore 54 of the mandrel

5 through the upper apertures 5¢. Once within the bore
54 and above the check valve 9, the fluids may then pass
upwardly to the ground surface through the hollow

spindle 3 and the tubing T.
When sufficient fluid has been withdrawn from the

strata below the packer P, and an adequate test sample

has been obtained, the tubing string may then be rotated

through another predetermined number of revolutions
in the same direction, so as to cause the mandrel 5 to

travel downwardly to the position shown in Fig. 3. In

- this position the testing tool is again shut in so that no

30

5 fluid can flow upwardly from the bore B through the

bore 54 of the mandrel and beyond the check valve 9.

In this position the fluid could flow upwardly through
the passage B and through the lower portion of the bore
54 and outwardly through the apertures 5f, but since

the upper apertures 5e are shut in which the stuffing box
7 no further upward flow of the fluids may be had, at

least not upwardly beyond the stuffing box 7.
In this second shut-in position the test has been com-

nleted and the next step in the sequence of operation of
the tool would be to prepare to withdraw the assembly
from the well. In order to accomplish such withdrawal,
it is highly desirable to bypass the hydrostatic pressure of

the mud in the annulus above the packer P to the test

- annulus below the packer P, and in order to perform
this function it is only necessary to again rotate.the tub-

Hos
|

") |
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within the annulus-thereabove, and thereby prevents the -

mud from pressurizing and perhaps clogeging the strata

to be tested. | |
‘When the packer has been set, the operator then ro-
tates the tubing string T through a predetermined num-

75

ing T through a further predetermined number of revolu-.

tions so as to cause the mandrel 5 to travel downwardly

" to its final bypass position as shown in Fig. 4.
In this position the upper apertures Se are still shui.n.

ing box 7, and the lower apertures 5f

within the stuf

have traveled downwardly to register with the ducts 85
in the stuffing box 8, which lower apertures 3f when:

registered with the ducts 8b permit the well flmds out-

side of the testing tool 1 to travel inwardly into the bore.

54 of the mandrel 5 and thereby travel downwardly
through the passage B of the packer P and thence into
the annulus below the packer in the vicinity of the test
strata. Of course it is not necessarily true that in the

bypass position the well fuids will travel downwardly

since, in the event that the pressure within the strata
below the packer exceeds the hydrostatic pressure of the
mud in the annulus above the packer, the flow of fluid
would be upwardly instead of downwardly through the

path just described. .
As is well known to those skilled in the art, once

' the fluid pressures have been equalized above and below

the packer it is a relatively simple matter to raise the
tubing string and unseat the packer so as to permit the
entire assembly, including the tubing T, the testing and
bypass tool 1 and the packer P to be retrieved by with-

drawing the assembly to the surface.

Once retrieved, the testing and bypass tool need.-only

be rotated in the opposite direction so as to again raisc
the mandrel 5 to the position shown in Fig. 1 with re-
spect to the body la of the tool. In this pecsition the
testine and bypass tool is again ready tc be lowered in
the well. | |

1embers of the tubing string and be-

dividual tubing

If means is used to lock thetool joiht between the in- -

tween the lower end of the tubing string and the testing .
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and bypass tool, it then becomes possible for multiple

tests to be run at different elevations within the well
without the necessity of removing the assembly there-
from. In other words, with the tool joints so secured
 to prevent them from unscrewing when rotation of the
tubing is reversed, the tubing may then be rotated in the
reverse direction so as to reverse the sequence of posi-
tioning the mandrel 5 with respect to the various stuffing
boxes. In this case it would be unnecessary to remove

the assembly from the well before running another test.

I do not limit my invention to the exact form shown
- in the drawings for obviously changes may be made
therein within the scope of the following claims.
Iclaim: |
1, A well testing and bypass tool to be inserted in a

tubing string above a packer having a passage there-

through, comprising a hollow body; a spindle journaled in
the body and connected to the tubing; a mandrel slidably
splined in the body to permit axial motion thereof with
respect to the body, the mandrel and the spindle being
connected by threaded engagement so that rotation of the
latter causes axial motion of the former, the lower end
of the mandrel being connected to the packer and said
mandre] and said spindle having bores communicating
with the bore of the tubing and with the passage through
the packer, said mandrel having spaced upper and lower
series of apertures through its wall; an obstruction in the
bore of the mandrel between the upper and lower series
of apertures and preventing upward flow of fluids there-
past, and said mandrel being adjustable to four selected
positions; a first stuffing box in the body for closing said
upper series of apertures in the first mandrel] position; a

second stuffing box in the body and longitudinally spaced

from the first for closing the upper series of apertures in
the third and fourth mandrel posmons, said second stuff-
ing box having longitudinal openings therethrough to cir-
cumvent the obstruction when the upper and lower serics
of apertures are located in the spaces on respectively oppo-
site sides of the second stuffing box in the second man-
drel position; and a third stuffing box longitudinally spaced
from the other stuffing boxes and sealing the lower end
of the body to the mandrel and having radial ducts ex-
tending outwardly through the body, and said lower
series of apertures reglstermg with said ducts in the
fourth mandrel position to bypass well fluids around the
packer,

2. In a tool as set forth in claim 1, said obstruction
comprising a valve seat in the mandrel bore; a valve be-
low said seat; and a spring yieldably urgmg sald valve
upwardly against said seat.

3. A well testing and bypass tool to be lnserted in a
tubing string above a packer having a passage there-
through, comprising a hollow body; a spindle journaled
in the body and connected to the tubing; a mandrel slid-
ably splined in the body to permit axial motion thereof
with respect to the body, the mandrel and the spindle

being connected by threaded engagement so that rotation
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of the latter causes axial motion of the former, the lower

~end of the mandrel being connected to the packer and
said mandrel and said spindle having bores communicat-

mg with the bore of the tubing and with the passage
through the packer, said mandrel having spaced upper

and lower apertures through its wall; an obstruction in

the bore of the mandrel between the upper and lower
apertures and preventing upward flow of fluids therepast |
and said mandrel being longitudinally adjustable in said
body to any one of four positions; stuffing box means in
the body including a group of longitudinally spaced
stuffi

ing boxes surrounding the mandrel, one or another
of said boxes closing the upper apertures when the man-
drel is in any one of the first, third or fourth positions,
and one of said boxes having longitudinal openings con-
necting together for fluid-flow the spaces within the body
longitudinally separated by said last-mentioned box to
bypass said obstruction when the mandrel 1s in the second
position, and still another of said stuffing boxes having
radial ducts extending outwardly through the body, said
lower apertures registering with the ducts in the fourth
mandrel position. |

4. In a tool as set forth in claim 3, said obstruction
comprising a valve seat in the mandrel bore, a valve be-
low said seat; and a spring yieldably urglng sald valve
upwardly agamst said seat.

5. In a well testing and bypass tool for insertion in
a pipe string above a packer, said tool having a hollow
body and having a hollow mandrel axially movable to
four positions within the body, flow control means com-
prising longitudinally spaced stuffing boxes within said
body and surrounding said mandrel, the mandrel having
longitudinally spaced apertures through its wall and hav-
ing an obstruction within its bore between the apertures,
one or another of said stuﬁing boxes closing the upper
apertures when the mandrel is in any one of the first, third
or fourth positions, and one of said boxes having longi-
tudinal openings connecting together for fluid-flow the
spaces within the body longitudinally separated by said
last mentioned box to bypass said obstruction when the
mandrel is in the second position, and still another of said
stuffing boxes having radial ducts extending outwardly
through the body, said lower apertures registering with
the ducts in the fourth mandrel position.

6. In a tool as set forth in claim 5, said obstructmn'
comprising a valve seat in the mandrel bore; a valve be-
low said seat; and a spring vieldably urging said valve up-
wardly against said seat.
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