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which closes upon the addition of weight to the testing string. This is
done by setting the testing This invention relates to an actuator for a
string down on a packer which supports the wellbore closure valve, more
especially to a lost-  testing string and isolates the formation in the
motion valve actuator which may be employed in    5    well which is to be
tested during the test. The valves for use in oil and gas wells. The valves
of   apparatus, which is utilized to isolate the floating the invention are
particularly useful in the testing  piston, is designed to prevent the
isolation valve of offshore wells where it is desirable to conduct   from
closing prematurely due to increasingly testing operations and well
stimulation oper-        higher pressures as the testing string is lowered
ations utilizing annulus pressure responsive test-   10   into the well,
contains means to transmit the ing string tools requiring a minimum of
testing      motion necessary to actuate the packer and is string
manipulation, and preferably with the         designed to remain open until
sufficient weight is blowout preventers closed during most oper-
set down on the packer to prevent premature ations.
isolation of the gas pressure and thus premature It is known in the art to
use tester valves and    15   operation of the tester valve. sampler valves
in oil and gas wells, which valves      However, since the tester valve
described in can be operated by applying pressure increases
US-A-3,856,085 contains a weight operated tester to the fluid in the
annulus between the wellbore     valve, the tester valve may inadvertently
open and testing string therein of a well. For instance,  when being run
into the well on a testing string, if US-A-3,664,415 to Wray et al
discloses a sampler   20    a bridge is encountered in the wellbore thereby
valve which is operated by applying annulus          allowing the weight of
the testing string to be pressure increases against a piston in opposition
supported by the tester valve. Also, in this con- to a predetermined charge
of inert gas. When the     nection, in highly deviated wellbores it may not
annulus pressure overcomes the gas pressure,         be possible to apply
sufficient weight to the the piston moves to open a sampler valve thereby
25   testing string to actuate the isolation valve por- allowing formation
fluid to flow into a sample       tion of the tester valve thereby causing
the tester chamber contained within the tool, and into the      valve to be
inoperable. Furthermore, if it is testing    string    facilitating
production      desired to utilize a slip joint in the testing string,
measurements and testing.                            unless weight is
constantly applied to the slip In US-A-3,858,649 to Holden et al, a tester
valve    30   joint to collapse the same, the isolation valve is described
which is opened and closed by           portion of the tester valve will
open thereby applying pressure changes to the fluid in the        causing
the tester valve to close. annulus contained between the wellbore and
In US-A-3,976,136 to Farley et al a tester valve is testing string therein
of a well. The tester valve   described which is opened  and closed  by
contains a supplementing means wherein the    35   applying pressure
changes to the fluid in the inert gas pressure is supplemented by the
hydro-     annulus contained between the wellbore and static pressure of
the fluid in the annulus con-     testing string therein of a well, and
which con- tained between the wellbore and testing string      tains a
supplementing means wherein the inert therein, as the testing string is
lowered into the   gas pressure is supplemented by the hydrostatic well.
This feature allows the use of lower inert gas   40    pressure of the
fluid in the annulus contained pressure at the surface and provides that
the gas    between the wellbore and testing string therein as pressure will
automatically be adjusted in accord-   the testing string is lowered into
the well. This ance with the hydrostatic pressure and environ-      tester
valve utilizes a method for isolating the gas ment at the testing depth,
thereby avoiding com-     pressure from the annulus fluid pressure which is
plicated gas pressure calculations required by    45   responsive to an
increase in the annulus fluid earlier devices for operation. The tester
valve      pressure above a reference pressure wherein the described in
US-A-3,856,085 to Holden et al like-    operating force of the tool is
supplied by the wise provides a supplementing means for the
pressure of a gas in an inert gas chamber in the inert gas pressure in a
full opening testing        tool. The reference pressure used is the
pressure apparatus.                                     50   which is
present in the annulus at the time a This supplementing means includes a
floating       wellbore sealing packet is set to isolate one piston exposed
on one side to the inert gas          portion of the wellbore from another.
pressure and on the other side to the annulus          The annulus fluid
pressure is allowed to com- fluid pressure, in order that the annulus fluid
municate with the interior bore of this tester valve pressure can act on
the inert gas pressure. The    55   as the testing string is lowered in the
wellbore system is balanced to hold the valve in its normal   and is
trapped as the reference pressure when the position until the testing depth
is reached. Upon    packer seals off the wellbore thereby isolating the
reaching the testing depth, the floating piston is  formation in the well
which is to be tested. isolated from the annulus fluid pressure so that
Subsequent increases in the well annulus subsequent changes in the annulus
pressure will   60   pressure above the reference pressure activates a
operate the particular valve concerned.              pressure response
valve to isolate the inert gas This method of isolating the floating piston
has   pressure from the well annulus fluid pressure. been to close the flow
channel from the annulus      Additional pressure increases in the well
annulus (contained between the wellbore and testing          causes the
tester valve to operate in the conven- string in a well) to the floating
piston with a valve    65   tional manner. 2    



3               EP  0 207 785  B1                   4 Once a well has been
tested to determine the      considerable rig time. In addition, the use of
a tool contents of the various formations therein, it may  bore closure
valve which could be run into the be necessary to stimulate the various
formations    well in an open position, and hence permit filling to
increase their production of formation fluids.   of the testing string,
would prevent a pressure Common ways of stimulating formations involve    5
build-up beneath the tool bore closure valve pumping acid into the
formations to increase the    when the bottom of the testing string
"stings" formation permeability or hydraulic fracturing of   into a
production packer set above a producing oil the formation to increase the
permeability thereof  formation before the packer valve is opened. or both.
Furthermore, it would be desirable to be able to After the testing of a
well, in many instances, it   10   pressure test the set packer by
pressuring up the is highly desirable to leave the testing string in
annulus without cycling the bore closure valve, a place in the well and
stimulate the various forma-  feature which present tools do not offer.
Finally, tions of the well by pumping acids and other        an initially
open bore closure valve would permit fluids into the formations through the
testing      the spotting of a water cushion or treating fluids string to
avoid unnecessary delay by pulling the    15   into the testing string
prior to running the test, by testing string and substituting therefor a
tubing   displacing well fluid out the bottom of the string string.
prior to stinging into the production packer, or During well stimulation
operations in locations   setting the test string packer, if one is
employed during extremely cold environmental periods         therewith.
where the tester valves described in US-A-   20       Attempts have been
made to provide an open 3,856,085 and US-A-3,976,136 are utilized in the
tool bore closure valve when running into the testing string if large
volumes of cold fluids are  wellbore, by reversing the normal mounting
posi- pumped through the tester valves, even though       tion of the ball
valve used in prior art tester valves the formations surrounding the tester
valves may    so that an increase, instead of a decrease, in have a
temperature of several hundred degrees   25   annular pressure closes the
ball valve. Needless fahrenheit, the tester valves will be cooled to a   to
say, this arrangement is extremely dangerous temperature  substantially
lower  than  the        as the tool operator must maintain elevated
surrounding formations by the cold fluids being     annulus pressure
continuously, or the tester valve pumped therethrough. When these tester
valves       will open and the upper testing string and surface are cooled
by the cold fluids, the inert gas in the    30   equipment will be exposed
to formation pressure. valves contracts. Upon the cessation of the pump-
The present invention comprises a lost-motion ing of cold fluids through
the tester valve, if it is  valve actuator which provides the ability to
run a desired to close the tester valve by releasing the  tool bore closure
valve in a testing string into a fluid pressure in the annulus between the
well-     well in an open mode, apply pressure to the well bore and testing
string, since the inert gas has   35   annulus surrounding the string
without cycling contracted due to the cooling of the valve, the     the
valve, thereafter reduce pressure, closing the inert gas in its cooled
state may not exert suffi-  valve subsequent to the initial pressure
increase, cient force to close the tester valve to thereby    and
subsequently  opening  the valve with isolate the formation which has been
stimulated     pressure increases and closing it with pressure from the
remainder of the testing string.     40   decreases. The present invention
thus permits the The annulus pressure responsive tester valve      tool
bore closure valve to subsequently respond disclosed in US-A-4,422,506
includes a pressure     in a normal manner (open on pressure increase,
assisted isolation valve which includes a pressure  close on pressure
decrease) to pressure changes differential metering cartridge to control
the rate  in the annulus subsequent to the first pressure at which the
isolation valve returns to the fluid   45   increase/decrease cycle.
pressure in the annulus between the wellbore and      In US-A-4,515,219,
there is described  an testing string thereby continuously controlling
annulus pressure responsive downhole tool the rate of expansion the inert
gas within the gas  which can be a bore closure valve. In one embodi-
chamber and the attendant operation of the tester   ment, the actuator for
the valve comprises an valve regardless of any cooling effect by cold   so
operating connector means for moving the valve fluids pumped therethrough.
The tester valve        member between open and closed positions disclosed
therein embodies improvements over        through longitudinal movement of
the operating the prior art valves described in US-A-3,856,085    connector
means, the operating connecter means and US-A-3,976,136 to eliminate
undesirable         comprising a first connector and a second con-
operating characteristics thereof by including a    as   nector secured
together and defining a recess pressure differential metering cartridge
which is   therebetween; longitudinally movable mandrel similar to that
described in US-A-4,113,012.        means received within the operating
connector All of the above prior art devices, and their      means; and
power section means connected to methods of use, entail running into the
well with   said mandrel means for moving the mandrel the tester and/or
sampler valve (generally   60    means. referred to as a tool bore closure
valve) of the      In accordance with the present invention, an testing
string in the closed position. This presents  actuator is provided which
(in contrast to the a disadvantage in that the testing string cannot
actuator of US-A-4,515,219) is a lost motion actu- automatically fill with
well fluids as it is run into  ator and which is characterised by further
the well, which would save the well operator   65   including locking dog
means received in said 3    



5               EP 0 207785  B1                     6 recess, spring
biasing means adapted to urge        sive may be located in the testing
string below said locking dog means radially inwardly, and       the tester
valve 16 of the present invention. wherein said mandrel means is slidable
in the         The tester valve 16, circulation valve 17 and operating
connector means and includes dog          check valve assembly 20 are
operated by fluid slot means comprising an annular slot on the    5
annulus pressure exerted by a pump 11 on the exterior of said mandrel means
to receive said      deck of the floating work station 1. Pressure inwardly
biased locking dog means when proxi-       changes are transmitted by a
pipe 12 to the well mate thereto whereby longitudinal movement of
annulus 13 between the casing 4 and the testing the mandrel means is
transmitted to the oper-       string 14. Well annulus pressure is isolated
from ating connector means.                        10  the formation 5 to
be tested by a packer 18 set in The present invention further includes a
bore     the well casing 4 just above the formation 5. The closure valve
for use in a testing string in a      packer 18 may be a Baker Oil Tools
Model D wellbore, comprising: a ball valve and means for    packer, the
Otis type W packer, the Halliburton actuating the valve to rotate the valve
between     Services EZ Drill[err] SV packer or other packers an open
position and a closed position; charac-   15   well known in the well
testing art. terised in that said actuating means is a lost        The
testing string 14 includes a tubing seal motion valve actuator of the
invention.             assembly 19 at the lower end of the testing string
In order that the invention may be more fully     which "stings" into or
stabs through a passage- understood, reference is made to the accom-
way through the production packer 18 for form- panying drawings in which:
20   ing a seal isolating the well annulus 13 above the FIG. 1 is a
schematic vertically sectioned view   packer 18 from an interior bore
portion 1000 of of a representative offshore installation which     the
well immediately adjacent the formation 5 may be employed for testing
purposes and illus-     and below the packer 18. trates a formation testing
"string" or tool          A perforating gun 1005 may be run via wireline
assembly in position in a submerged wellbore   25   to or may be disposed
on a tubing string at the and extending upwardly to a floating operating
lower end of testing string 14 to form perfora- and testing station; and
tions 1003 in casing 4, thereby allowing forma- FIGS. 2A-2E illustrate, in
cross section, one     tion fluids to flow from the formation 5 into the
embodiment of bore closure valve employing a        flow passage of the
testing string 14 via perfora- lost-motion valve actuator in accordance
with the    30   tions 1003. Alternatively, the casing 4 may have present
invention.                                  been perforated prior to
running testing string 14 Referring to FIG. 1, a testing string for use in
into the wellbore 3. an offshore oil or gas well is schematically illus-
A formation test controlling the flow of fluid trated. It shows a floating
work station centered   from the formation 5 through the flow channel in
over a submerged oil or gas well located in the    35   the testing string
14 by applying and releasing sea floor 2 having a wellbore 3 which extends
fluid annulus pressure to the well annulus 13 by from the sea floor 2 to a
submerged formation 5     pump 11 to operate tester valve 16, circulation
to be tested. The wellbore 3 is typically lined by  valve assembly 17 and
check valve means 20 and steel casing 4 cemented into place. A subsea
measuring of the pressure build-up curves and conduit 6 extends from the
deck 7 of the floating    40   fluid  temperature  curves  with
appropriate work station 1 into a wellhead installation 10.     pressure
and temperature sensors in the testing The floating work station 1 has a
derrick 8 and a   string 14 is fully described in the aforementioned
hoisting apparatus 9 for raising and lowering       patents. tools to
drill, test, and complete the oil or gas     Referring to FIGS. 2A to 2E
tester valve 16 well.                                         45
employing the lost-motion valve actuator of the A testing string 14 is
being lowered in the       present invention is shown. The tester valve 16
wellbore 3 of the oil or gas well. The testing      comprises a valve
section 30, power section 200, string includes such tools as a pressure
balanced   and metering section 500. slip joint 15 to compensate for the
wave action of    The valve section 30 comprises a top adapter the floating
work station 1 as the testing string is   so   32, valve case 34, upper
valve support 36, lower being lowered into place, a tester valve 16 and a
valve support 38, ball valve 40, ball valve actua- circulation valve 17.
tion arms 42 and lost-motion actuation sleeve The slip joint 15 may be
similar to that          assembly 44. described in US-A-3,354,950 to Hyde.
The circula-     The adapter 32 comprises a cylindrical elon- tion valve 17
is preferably of the annulus   55   gated annular member having first bore
46, first pressure responsive type and may be that            threaded bore
48 of smaller diameter than bore described in US-A-3,850,250 to Holden et
al, or     46, second bore 50 of smaller diameter than bore may be a
combination circulation valve and          48, annular chamfered surface
52, third bore 54 sample entrapment mechanism similar to those        which
is smaller in diameter than bore 50, disclosed in US-A-4,063,593 to Jessup
or US-A-   60   second threaded bore 56 of larger diameter than 4,064,937
to Barrington. The circulation valve 17   bore 54, first cylindrical
exterior portion 58 and may also be the reclosable type as described in
second cylindrical exterior portion 60 which is of US-A-4,113,012 to Evans
et al.                      smaller diameter than portion 58 and which con-
A check valve assembly 20 as described in US-     tains annular seal cavity
62 having seal means 64 A-4,328,866 which is annulus pressure respon-   65
therein. 4    



7               EP 0 207 785 B1                      8 The valve case 34
comprises a cylindrical elon-    cylindrical recesses 136 extending from
bore 134 gated annular member having a first bore 66, a       to the
exterior thereof. plurality of internal lug means 68 circum-            To
actuate the ball valve 40 a plurality of arms ferentially spaced about the
interior of the valve   42 connected to lost-motion actuation sleeve case
34 near one end thereof, second bore 70    5    assembly 44 are utilized.
which is of substantially the same diameter as         Each arm 42
comprises an arcuate elongated that of bore 66, threaded bore 72 and
cylindrical    member, which is located in windows 120, having exterior
surface 74 thereon. The bore 66 sealingly   a spherically shaped radially
inwardly extending engages second cylindrical exterior portion 60 of    lug
138 thereon which mates in a cylindrical the adapter 32 when the case 34 is
assembled    10   recess 132 of the ball valve 40, having radially
therewith.                                          inwardly extending lug
140 thereon and having The upper valve seat holder 36 comprises a
radially inwardly extending lug 142 on one end cylindrical elongated
annular member having first    thereof which mates with actuator sleeve 44.
bore 76, annular recess 78, second bore 80 of          The lost-motion
actuator sleeve assembly 44 larger diameter than bore 76, annular groove 98
15   includes a first elongated annular operating con- in the wall of
second bore 80 holding seal ring      nector 144 and second elongated
differential pis- 100, first cylindrical exterior portion 82, exterior  ton
146 which are secured together. Operating threaded portion 84, a plurality
of lugs 86 circum-  connector 144 is formed having first annular
ferentially spaced about the exterior of the upper   chamfered surface 148,
first bore 150, second valve seat holder 36 which lugs 86 are received
20   annular chamfered surface 152, having threaded between the plurality
of internal lug means 68       bore 150, second bore 154, annular radial
wall circumferentially spaced about the interior of case  156, third bore
158 and threaded bore 160. The 34, annular shoulder 88 on the exterior
thereof,     exterior of operating connector 144 includes first second
cylindrical exterior portion 90 including     annular surface 162, annular
recess 164, and threads 92 on the exterior thereof and having    25
cylindricalexterior surface166. Differential piston longitudinal  vent
passages  therethrough.          146 includes a first cylindrical bore 168
and a Received within second bore 80 of the upper          second, larger
bore 170. The leading edge of valve seat holder 36 is valve seat 96 having
bore    piston 146 is radially flat annular wall 172, and the 102
therethrough and having spherical surface       trailing edge comprises
radially flat annular wall 104 on one end thereof.
30   174. The exterior of piston  146 comprises The ball valve cage 38
comprises an elongated      threaded exterior surface 176, radially flat
annular tubular cylindrical member having first threaded     wall 178 and
smooth cylindrical exterior surface bore 106, second smooth bore 108 of
sub-             180. stantially the same diameter as bore 106, radially
Lost-motion actuator sleeve assembly 44 fur- flat annular wall 110, third
bore 112 of smaller   35   ther includes a plurality of arcuate locking
dogs diameter than second bore 108 annular shoulder       182 of
rectangular cross-section and having annu- 114 therein and fourth bore 116
of smaller dia-      lar recesses 184 and 186 in the exterior thereof.
meter than third bore 112. Longitudinally elon-      Locking dogs 182 are
disposed in annular recess gated windows 120 extend through the wall of
188 formed between operating connector 144 and ball valve cage 38 from the
upper end of second    40   differential piston 146. Garter springs 190 are
smooth bore 108 to wall 110, whereat the win-        disposed in recesses
184 and 186 in locking dogs dows 120 extend into arcuate longitudinally
182, garter springs 190 radially inwardly biasing extending recesses 122.
Received within third        dogs 182 against the exterior of shear mandrel
bore 112 of the ball valve cage 38 isvalve seat 118  192, which is included
in the lost-motion valve having bore 128 therethrough and having spheri-
45   actuator of the present invention. cal surface 130 on one end thereof,
elastomeric        Operating connector 144 engages arms 42 via seal 124
residing in annular recess 126 in the wall  the interaction of lugs   140
and 142 with shoulder ofthird bore 112. Belleville springs 132 bias valve
162 and recess 164. First bore 150 of operating seat 118 against ball valve
40.                      connector 144 sealingly engages exterior surface
The exterior of ball valve cage 38 comprises a    50   115 on ball valve
cage 38. first exterior cylindrical portion 105  extending via  The power
section 200 of the tester valve 16 chamfered surface 107 and radial wall
109 to         comprises shear nipple 202, shear mandrel 192, annular edge
1ll and tapered surface 113 to          power cylinder 204, compression
mandrel 206, second  exterior cylindrical surface 115 having
fillervalvebody 208, nitrogenchambercase 210, flats 117 thereon and annular
recess 119 therein,   55    nitrogen chamber  mandrel 212 and floating
within which seal means 121 reposes.                 balancing piston 214.
The ball valve cage 38 is secured to the upper       Shear nipple 202
includes an elongated tubular valve seat holder 36 by means of threaded
first      body having a first bore 216, a radial wall 217, a bore 106
engaging threads 92, the upper portion      second bore 218, and a third
bore 220 having of ball valve cage encompassing exterior portion    60
inwardly radially extending spines 222 thereon. 90 of valve seat holder 36,
flats 121 serving as     The leading edge of nipple 202 is an annular,
application points for make-up torque.               radially flat wall
224, while the trailing edge is an ontained between upper valve seat
support 36      annular, radially flat wall 225 including slots 226 and
ball valve cage  38 is ball valve 40 having a    therein. The exterior of
shear nipple 202 includes central bore 134 therethrough and a plurality of
65   leading threaded surface 228, cylindrical surface 5    



9               EP 0207785 B1                      10 230, and trailing
threaded surface 232. Shear pin  the surface with nitrogen from a
pressurized retainer 234 is threaded into aperture 236 to      cylinder.
Such valve is disclosed in US-A-29,562 maintain shear pin 238, extending
into annular     to Wray et al. groove 240 in shear mandrel 192, in place.
Nitrogen chamber case 210 comprises a sub- Shear mandrel 192 comprises an
elongated    5    stantially tubular body having a cylindrical inner
tubular member having a cylindrical exterior sur-  wall 312. Nitrogen
chamber mandrel 212 is also face 242 in which annular dog slot 244, and
shear  substantially tubular, and possesses an annular pin groove 240, are
cut. Below surface 242,        shoulder 314 at the upper end thereof, which
splines 246 extend radially outwardly to mesh      carries seal means 304,
seal means 304 being with splines 222 of shear nipple 202. Below    10
contained between flange 316 and filler valve splines 246 is disposed
cylindrical seal surface   body 208. Annular floating balancing piston 214
248 and threaded surface 250. The interior of      rides on exterior
surface 318 of mandrel 212, seal shear mandrel 192 comprises smooth bore
252,       means 320 and 322 carried on piston 214 provid- vent passages
254 extending through the wall of    ing a sliding seal between piston 214
and inner mandrel 192 between the interior and exterior   15   wall 312 and
exterior surface 318, respectively. thereof. Seal means 256 carried in
recess 258 on     The lower end of nitrogen chamber case 210 is the
interior of shear nipple 202 slidingly seals   threaded at324to metering
cartridge housing 330 against shear mandrel 192.                         of
metering section 500, which further includes Below shear nipple 202, the
outer annular         extension mandrel 332, metering mandrel 334, surface
260 of compression mandrel 206 rides   20   metering cartridge body 336,
metering nipple 338, against inner wall 262 of power cylinder 204, seal
metering case 340, floating oil piston 342, and means 264 in recess 266
slidingly sealing there-   lower adapter 344. between. Above compression
mandrel 206, 0-           Metering cartridge housing 330 carries 0-ring
ring 268 seals between shear nipple 202 and        331 thereon, which seals
against inner seal sur- power cylinder 204. O-ring 270 seals between    25
face 346 of nitrogen chamber case 210. Nitrogen compression mandrel 206 and
seal surface 248 of    chamber mandrel 212 is joined to extension shear
mandrel 293 above threaded connection         mandrel 332 at threaded
junction 348, seal means 250.
349 carried in mandrel 332 sealing against seal Well fluid power chamber
272, fed by power        surface 350 on mandrel 212. The upper end 356 of
ports 274 through the wall of power cylinder 204,   30   metering  mandrel
334 extends over lower is defined between shear nipple 202, power
cylindrical surface 352 on extension mandrel 332, cylinder 204, compression
mandrel 206 and shear    seal means 354 effecting a seal therebetween.
mandrel 192, power chamber 272 varying in           Metering mandrel 334
necks down below upper length and volume during the stroke of shear
end 356 to a smaller exterior diameter comprising mandrel 192 and
compression mandrel 206.      35   metering cartridge body saddle 358,
about which The lower portion of compression mandrel 206      annular
metering cartridge body 336 is disposed. compresses tubular segment 276
below radial          Metering cartridge body 336 carries a plurality face
278, the lower end of tubular segment 276      of O-rings 360, which seal
against the interior of having cylindrical surface 280.
metering cartridge housing and saddle 358. Body Filler valve body 208
includes a cylindrical   40   336 is maintained in place on saddle 358
between medial portion above and below which are exten-     upper end 356
of metering mandrel 334 and sions of lesser diameter, by which filler valve
upper face 362 having slots 364 therein of body 208 is threaded at 282 to
power mandrel 204    metering nipple 338. and at 284 to nitrogen chamber
210. The upper        Metering nipple 338 is secured at 366 to hous-
interior of filler valve body 208 includes bore wall   45   ing 330, O-ring
368 effecting a seal therebetween, 286, in which tubular segment 276 of
compres-       and at 370 to metering case 340, O-ring 372 sion mandrel 206
is received, seal means 288 and    effecting a seal therebetween. Oil
filler port 374 290 carried by filler valve body 208 providing a    extends
from the exterior of tester valve 16 to sliding seal. Annular relief
chamber 292, between   annular passage 376 defined between nipple 338 seal
means 288 and 290, communicates with the   50   and metering mandrel 334,
plug 378 closing port exterior of the tool via oblique relief passage 294
374. Passage 376 communicates with upper oil to prevent pressure locking
during the stroke of    chamber 380 through metering cartridge body mandrel
206. Below bore wall 286, radial shoulder   336, and with lower oil chamber
382, the lower 296 necks inwardly to constricted bore wall 298,    end of
which is closed by annular floating oil below which beveled surface 300
extends out-   55   piston 342. Piston 342 carries 0-rings 384 thereon,
wardly to threaded junction 302 between filler      which maintain a
sliding seal between floating valve body 208 and nitrogen chamber mandrel
piston 342, cylindrical inner surface 386 of 212, seal means 304 carried on
mandrel 212          metering case 340 and cylindrical exterior surface
effecting a seal therebetween.                      388 of metering mandrel
334. Pressure compen- A plurality of longitudinally extending passages   60
sation ports 388 extend through the wall of case 306 in filler valve body
208 communicate between    340 to pressure compensation chamber 390 upper
nitrogen chamber 308 and lower nitrogen       below piston 342. Lower
adapter 344 is threaded chamber 310 Filler valve body contains a nitrogen
to metering case 340 at 392, O-ring 394 maintain- filler valve such as is
known in the art, whereby   ing a seal therebetween, and mandrel bore 396
chambers 308 and 310 of the tool are charged at   65   receives the lower
end of metering mandrel 334 6    



11              EP  0 207 785  B1                    12 therein, seal means
398 effecting a seal there-      pressure of the fluid in the interior bore
of the between. The exit bore 400 of lower adapter 344,     tester valve 16
is then independent of annulus as well as the bores 402 of metering mandrel
334,    fluid pressure since there is no further communi- 404 of extension
mandrel 334, and 406 of nitrogen    cation between them. It should be noted
that the chamber mandrel 212, are of substantially the    5    open tester
valve 16 provides a pressure buildup same diameter. Threads 408 on the
exterior of        in testing string 14 when tubing seal assembly 19 lower
adapter 344 connect tester valve 16 to the     stings into packer 18. The
packer may then be remainder of the testing string therebelow, seal
pressure tested  by  increasing  the annulus means 410 maintaining a seal
therewith.              pressure above packer 18 and ascertaining if this
Metering cartridge body 336 has a plurality of   10   increase is
transmitted below  packer 18. As longitudinally extending passages 420
there-         pressure in annulus 13 is increased, annulus fluid through,
each passage having a fluid resistor 422    pressure is transmitted through
ports 274 to act disposed therein. Any suitable fluid resistor may    on
compression mandrel 206 and through ports be employed, such as those
described in US-A-        388 to act on floating oil piston 342. Since a
3,323,550.  Alternatively,  conventional  relief   15   pressure
differential exists across compression valves may be substituted for, or
used in combi-     mandrel 206 with the application of the annulus nation
with, fluid resistors.                       fluid pressure through ports
274 due to the initial When the tester valve 26 is assembled,
lag in the annulus pressure increase transfer to chamber 308 and chamber
310, which com-              the inert gas in chambers 308 and 310 before
oil municates therewith via passages 306, are filled    20   can flow
through fluid resistors 422 to chamber with inert gas, usually nitrogen,
through a filler   380 and act on balancing piston 214, compression valve
(not shown) in the filler valve body 208 of    mandrel 206 is subjected to
a force tending to the tester valve 16, the amount and pressure of
cause the compression mandrel 206 to move the inert gas being determined by
the approxi-       downwardly within the power cylinder 204. When mate
hydrostatic pressure and temperature of the    25   the force from the
fluid pressure in the annulus 13 formation at which thetestervalve isto be
utilized   surrounding the tester valve 16 reaches a pre- in a wellbore 3.
At the same time chambers 380       determined level, the force acting on
compres- and 382 are filled with suitable oil via port 374 in  sion mandrel
206 is sufficient to cause shear pins metering nipple 338.
238, which are retaining shear mandrel 192 in its When the testing string
14 is inserted and    30   initial position, to be sheared thereby allowing
the lowered into the wellbore 3, the ball valve 40 is in  shear mandrel 192
and compression mandrel 206 its open position shown in FIG. 2, which allows
to move downwardly. fluid to pass into testing string 14 during the
Concurrently with the movement of the com- descent of the testing string 14
into wellbore 3.    pression  mandrel 206, the  increased  fluid
Additionally, a water or diesel cushion or forma-   35    pressure in the
annulus 13 of the wellbore causes tion treating fluids may be spotted into
testing     floating oil piston 342 to move upwardly within string 14 from
the top of the string, displacing     chamber390therebycausing oil to
gradually flow wellbore fluids in testing string 14 from  the       through
metering  cartridge  body  330  into bottom thereof.
chamber 380 causing, in turn, the balancing pis- During the lowering
process, the hydrostatic   40   ton 214 to move upwardly in chamber 310
pressure of the fluid in the annulus 13 and the      thereby compressing
the inert gas therein and in interior bore of the tester valve 16 will
increase. At  chamber 308 to an increased pressure level to some point, the
annulus pressure of the fluid will   provide a return force in the power
section to act exceed the pressure of the inert gas in chambers     on the
compression mandrel 206 when annulus 308 and 310, and the oil piston 342
will begin to   45    pressure is released. move upward due to the pressure
differential           When the shear mandrel 192 moves down- thereacross
from annulus fluid flowing through       wardly with compression mandrel
206, annular ports 388 in metering case 340 into chamber 390.     dog slot
244 in cylindrical exterior surface 242 When the oil piston 342 moves
upwardly in oil        slides under locking dogs 182 in recess 188. filled
chamber 382, the oil flows through the    50   Garter springs 190 pull dogs
182 into dog slot 244, metering cartridge body 336 having fluid resistors
thus securing shear mandrel 192 to operating 422 therein, through chamber
380 and acts on         connector 144 and differential piston 146. How-
floating balancing piston 214 causing the piston     ever, ball valve 40
does not rotate during this 214 to compress the inert gas in chambers 310
initial downward travel of shear mandrel 192, as and 308 until the inert
gas is at the same pressure   55   operating connector 144 is unsecured to
shear as the fluid in the annulus surrounding the tester   mandrel 192
during the latter's downward travel. valve 16. In this manner, the initial
pressure given  Therefore, tester valve 16 does not cycle during to the
inert gas in chambers 308 and 310 will be     the initial annulus pressure
increase, ball valve 40 supplemented to automatically adjust for the
remaining open. increasing  hydrostatic fluid pressure in the    60    To
initially close the ball valve 40, fluid pressure annulus, and other
changes in the environment        in the annulus 13 of the wellbore 3
surrounding due to increased temperature.                       the tester
valve 16 is reduced to its hydrostatic When the packer 18 is set to seal
off the          fluid pressure level thereby allowing the higher formation
5 to be tested and the tubing seal         pressure compressed inert gas in
chambers 308 assembly 19 sealingly engages the packer 18, the    65   and
310 to act as a piston return force. The inert 7    



13              EP 0 207 785  B1                    14 gas expands, moving
balancing piston 214 and oil    motion valve actuator of the present
invention             clos piston 342 gradually downwardly in the tester
may be employed as a safety mechanism to                   resp valve 16
due to the flow restriction effected by    prevent enablement of a downhole
valve, such as             preE fluid resistors 422 while moving the
compression    a circulating valve, prior to a specified annulus or mandrel
206 and shear mandrel 192 rapidly    5    internal testing string pressure
increase sufficient          Patf upwardly in the tester valve 16, closing
the ball   to move the locking dog/dog slot components valve 40 through the
connection of shear mandrel    into engagement. Modifications may be made
to                 1. 192 via locking dogs 182 to operating connector
the embodiment illustrated, for example, the                Bot 144 and
differential piston 146, operating connec-  shear mandrel could carry a
C-ring thereon which            einm tor 144 causing arms 42 of lost-motion
actuation    10   expands into an annular cavity in the operating
dur sleeve assembly 44 to move upwardly in ball         connector when
aligned therewith; ratchet teeth             tils valve case 38, lugs 138
rotating ball valve 40 to a  could be cut on the shear mandrel to mate with
Ste closed position. To reopen ball valve 40, pressure  matching teeth on
the inside of the locking dogs;  i        gui in annulus 13 is again
increased, moving com-       locking dogs could be carried on the shear
man-             dui pression mandrel 206 and shear mandrel 192   15   drel
and biased outwardly by coil, Belleville or               guil downwardly,
thereby rotating ball valve 40 via      other spring means; and others.
sin lugs 138 on actuating arms 42 due to the connec-
be tion of shear mandrel 192 to operating connector    Claims
Be 144 via locking dogs 182 and dog slot 244. The
Dc downward movement of the compression man-   20        1. A lost motion
valve actuator for a bore                 (51 31 206 ceases when the radial
face 174 abuts the  closure valve (40) for use in a well bore, the
lul upper end of shear nipple 202. After the initial    actuator
comprising: operating connector means pressure increase/decrease cycle, the
tester valve  (144, 146) for moving said valve between open
gl 16 opens upon each annulus pressure increase        and closed positions
through longitudinal move-              Ri and closes upon a reduction of
annulus pressure.   25   ment of said operating connector means, said It
will be recognized that the initial closing of  operating connector means
comprising a first                ei the tester valve 16 employing the
lost-motion       connector (144) and second connecter (146) valve actuator
of the present invention saves       secured together and defining a recess
(188)                  9 considerable rig time by filling of testing string
14  therebetween; longitudinally movable mandrel               R with
wellbore fluid as it is run into the wellbore.   30   means (192) received
within said operating con-        n Moreover, spotting of a water or diesel
cushion or  nector means; and power section means (500)                   e
treating fluids into testing string 14 by displacing  connected to said
mandrel means for moving said             v wellbore fluid out of the
bottom of the open string  mandrel means; characterised in that the
actuator            L saves additional time and eliminates the possibil-
further includes locking dog means (182) received ity of driving large
volumes of wellbore fluid into   35   in said recess (188), spring biasing
means the formation ahead of the treating fluids. After   adapted to urge
said locking dog means radially the testing string 14 is stung into packer
18,      inwardly, and wherein said mandrel means is annulus pressure may
be increased to pressure       slidable in the operating connector means
and test the packer 18 without cycling the tester valve  includes dog slot
means comprising an annular 16. Moreover, since testing string 14 is open
when    40   slot (244) on the exterior of said mandrel means it stings
into packer 18, the formation pressure    to receive said inwardly biased
locking dog does not build up below a closed tool bore          means when
proximate thereto whereby longi- [err] valve as is the case with prior art
tester  tudinal movement of the mandrel means is trans- valves. If a packer
is employed as an integral part   mitted to the operating connector means.
of testing string 14 rather than utilizing a pre-   45  2. An actuator
according to claim 1, wherein viously set production packer, the same
advan-      said locking dog means (182) comprises a plu- tage of
pressure-testing the packer obtains.        rality of springbiased locking
dogs. Finally, when annulus pressure is released to         3. An actuator
according to claim  1 or 2, hydrostatic after the first annulus pressure
wherein said locking dog means (182) lockingly increase, ball valve 40 in
tester valve 16 is closed    50   engages said dog slot means (244)
responsive to by the lost-motion actuator sleeve assembly 44 of
longitudinal movement of said mandrel means in the present invention, which
has locked the oper-   one direction, whereby said locking dog means ating
connector 144 into positive control by shear  and said dog slot means are
placed in proximity. mandrel 192 and compression mandrel 206.
4. A bore closure valve for use in a testing string It is thus apparent
that a novel and unobvious   55   in a wellbore, comprising: a ball valve
(40) and lost-motion valve actuator has been invented,       means for
actuating the valve to rotate the valve providing numerous advantages over
the prior        between an open position and a closed position; art. While
disclosed in the context of a tester     characterised in that said
actuating means is a valve, the present invention is equally applicable
lost motion valve actuator as claimed in any of to safety valves, sampler
valves and circulating    60   claims 1 to 3. valves. Furthermore, the
nitrogen/oil power           5. A valve according to claim 4, wherein the
mechanism as disclosed in tester valve 16 is not    power section means
(500) is responsive to required, as any annulus pressure responsive or
annulus pressure to longitudinally move said weight operated mechanism may
be employed           mandrel means in one direction responsive to an with
the present invention. In addition, the lost-   65   increase in wellbore
pressure adjacent said bore    13               EP  0 207 785  B1
14 



gas expands, moving balancing piston 214 and oil      motion valve actuator
of the present invention piston 342 gradually downwardly in the tester
may be employed as a safety mechanism  to valve 16 due to the flow
restriction effected by      prevent enablement of a downhole valve, such
as fluid resistors 422 while moving the compression      a circulating
valve, prior to a specified annulus or mandrel 206 and shear mandrel 192
rapidly    5    internal testing string pressure increase sufficient
upwardly in the tester valve 16, closing the ball    to move the locking
dog/dog slot components valve 40 through the connection of shear mandrel
into engagement. Modifications may be made to 192 via locking dogs 182 to
operating connector       the embodiment illustrated, for example, the 144
and differential piston 146, operating connec-    shear mandrel could carry
a C-ring thereon which tor 144 causing arms 42 of lost-motion actuation
10   expands into an annular cavity in the operating sleeve assembly 44 to
move upwardly in ball           connector when aligned therewith; ratchet
teeth valve case 38, lugs 138 rotating ball valve 40 to a   could be cut on
the shear mandrel to mate with closed position. To reopen ball valve 40,
pressure    matching teeth on the inside of the locking dogs; in annulus 13
is again increased, moving com-         locking dogs could be carried on
the shear man- pression mandrel 206 and shear mandrel 192    15   drel and
biased outwardly by coil, Belleville or downwardly, thereby rotating ball
valve 40 via        other spring means; and others. lugs 138 on actuating
arms 42 due to the connec- tion of shear mandrel 192 to operating connector
Claims 144 via locking dogs 182 and dog slot 244. The downward movement of
the compression man-   20         1. A lost motion valve actuator for a
bore [err] 206 ceases when the radial face 174 abuts the    closure valve
(40) for use in a well bore, the upper end of shear nipple 202. After the
initial      actuator comprising: operating connector means pressure
increase/decrease cycle, the tester valve   (144, 146) for moving said
valve between open 16 opens upon each annulus pressure increase
and closed positions through longitudinal move- and closes upon a reduction
of annulus pressure.   25    ment of said operating connector means, said
It will be recognized that the initial closing of   operating connector
means comprising a first the tester valve 16 employing the lost-motion
connector (144) and second connecter (146) valve actuator of the present
invention saves         secured together and defining a recess (188)
considerable rig time by filling of testing string 14  therebetween;
longitudinally movable mandrel with wellbore fluid as it is run into the
wellbore.   30    means (192) received within said operating con- Moreover,
spotting of a water or diesel cushion or    nector means; and power section
means (500) treating fluids into testing string 14 by displacing  connected
to said mandrel means for moving said wellbore fluid out of the bottom of
the open string   mandrel means; characterised in that the actuator saves
additional time and eliminates the possibil-    further includes locking
dog means (182) received ity of driving large volumes of wellbore fluid
into   35   in said recess (188), spring biasing  means the formation ahead
of the treating fluids. After     adapted to urge said locking dog means
radially the testing string 14 is stung into packer 18,        inwardly,
and wherein said mandrel means is annulus pressure may be increased to
pressure        slidable in the operating connector means and test the
packer 18 without cycling the tester valve  includes dog slot means
comprising an annular 16. Moreover, since testing string 14 is open when
40   slot (244) on the exterior of said mandrel means it stings into packer
18, the formation pressure     to receive said inwardly biased locking dog
does not build up below a closed tool bore            means when proximate
thereto whereby longi- [err] valve as is the case with prior art tester
tudinal movement of the mandrel means is trans- valves. If a packer is
employed as an integral part   mitted to the operating connector means. of
testing string 14 rather than utilizing a pre-   45  2. An actuator
according to claim 1, wherein viously set production packer, the same
advan-        said locking dog means (182) comprises a plu- tage of
pressure-testing the packer obtains.          rality of springbiased
locking dogs. Finally, when annulus pressure is released to          3. An
actuator according to claim  1 or 2, hydrostatic after the first annulus
pressure          wherein said locking dog means (182) lockingly increase,
ball valve 40 in tester valve 16 is closed    50   engages said dog slot
means (244) responsive to by the lost-motion actuator sleeve assembly 44 of
longitudinal movement of said mandrel means in the present invention, which
has locked the oper-     one direction, whereby said locking dog means
ating connector 144 into positive control by shear    and said dog slot
means are placed in proximity. mandrel 192 and compression mandrel 206.
4. A bore closure valve for use in a testing string It is thus apparent
that a novel and unobvious    56   in a wellbore, comprising: a ball valve
(40) and lost-motion valve actuator has been invented,         means for
actuating the valve to rotate the valve providing numerous advantages over
the prior          between an open position and a closed position; art.
While disclosed in the context of a tester       characterised in that said
actuating means is a valve, the present invention is equally applicable
lost motion valve actuator as claimed in any of to safety valves, sampler
valves and circulating    60   claims 1 to 3. valves. Furthermore, the
nitrogen/oil power            5. A valve according to claim 4, wherein the
mechanism as disclosed in tester valve 16 is not      power section means
(500) is responsive to required, as any annulus pressure responsive or
annulus pressure to longitudinally move said weight operated mechanism may
be employed             mandrel means in one direction responsive to an
with the present invention. In addition, the lost-   65   increase in
wellbore pressure adjacent said bore 8    15              EP  0 207 785  B1
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closure valve, and in the opposite direction         Revendications
responsive to a decrease in said wellbore pressure.
1. Organe de  manoeuvre d'obturateur A deplacement libre limite destine A
un obtura- Patentansprfuche                               5    teur (40) de
fermeture d'un trou destine a 8tre utilis6 dans un sondage, I'organe de
manoeu- 1. Ventilsteliglied mit totem  Gang fKr ein        vre comprenant
un connecteur de manoeuvre Bohrlochschliel3ventil (40) zur Verwendung in
(144, 146) destine A deplacer l'obturateur entre einem Bohrloch enthaltend:
Betitigungsverbin-        ses positions d'ouverture et de fermeture par
dungsmittel (144, 146) zur Verstellung des Ven-   10   d6placement
longitudinal du  connecteur de tils zwischen der offenen und geschlossenen
manoeuvre, le connecteur de manoeuvre ayant Stellung  durch
Lingsverstellung  der Betati-       un premier connecteur (144) et un
second con- gungsverbindungsmittel, die ein erstes Verbin-       necteur
(146) fixes l'un a l'autre et delimitant dungsglied (144) und ein zweites
Verbindungs-        une cavite (188) entre eux, un mandrin mobile glied
(146) enthalten, die aneinander befestigt   15   longitudinalement (192)
loge dans le connec- sind und zwischen sich eine Aussparung (188)
teur de manoeuvre, et une section motrice bestimmen, Iangsbewegliche,
innerhalb  der           (500) raccordee au mandrin et destin6e a depla-
Betatigungsverbindungsmittel  aufgenommene           cer le mandrin,
caracterise en ce que l'organe Dornmittel (192) und
Antriebsabschnittsmittel        de manoeuvre comporte en outre des taquets
(500), die mit den Dornmitteln zu deren Verstel-   20   de blocage (182)
loges dans ladite cavit6 (188), lung verbunden sind,
et un dispositif de rappel a ressort destine A dadurch gekennzeichnet, daR
das Ventilstell-       rappeler les taquets de blocage radialement glied in
der Aussparung (188) aufgenommene           vers l'interieur, et le mandrin
peut coulisser Riegelmittel (182) aufweist, sowie Federvor-         dans le
connecteur de manoeuvre et comporte spannmittel, mittels derer die
Riegelmittel radial   25    une fente pour taquets comprenant une fente
einwarts gedrOckt werden, und daB die Dorn-          annulaire (244) formee
a 1'extirieur du mandrin mittel in den  Betatigungsverbindungsmitteln
afin qu'elle loge les taquets de blocage rap- gleitbeweglich sind und
Vertiefungsmitt fur die      peles vers l'int6rieur lorsqu'elle est a
proximite Riegelmittel enthalten, die aulen an den Dorn-       de ceux-ci,
si bien que le deplacement longitu- mitteln eine Ringnut (244) zur Aufnahme
der   30   dinal du mandrin est transmis au connecteur einwarts
vorgespannten Riegelmittel aufweisen,       de manoeuvre. wenn diese dazu
benachbart sind, wodurch die           2. Organe de manoeuvre selon la
revendica- Lingsverstellung der Dornmittel auf die Betati-     tion 1, dans
lequel les taquets de blocage (182) gungsverbindungsmittel Obertragen wird.
comprennent plusieurs taquets de blocage rap- 2. Ventilstellglied nach
Anspruch 1, dadurch    3S   peles par des ressorts. gekennzeichnet, daB die
Riegelmittel (182) eine        3. Organe de manoeuvre selon la revendica-
Vielzahl federnd  vorgespannten  Riegelnasen        tion 1 ou 2, dans
lequel les taquets de blocage enthalten.
(182) cooperent avec la fente (244) A la suite du 3. Ventilstellglied nach
Anspruch 1 oder 2,        deplacement longitudinal du mandrin dans un
dadurch gekennzeichnet, daB die Riegelmittel   40   premier sens, d'une
maniere telle que les (182) beim  Ansprechen auf die Langsverstel-
taquets et la fente sont places a proximite. lung der Dornmittel in einer
Richtung verrie-          4. Obturateur de fermeture d'un trou destine
gelnd in die Vertiefungsmittel (244) eingreifen,     a 8tre utilise dans un
train de tiges d'essai wobei die Riegelmittel und die Vertiefungsmit-
dans un sondage, comprenant un obturateur tel nahe beieinander angeordnet
sind.          45   spherique (40) et un dispositif de manoeuvre 4.
BohrlochschlieBventil zur Verwendung in         de l'obturateur, destine a
faire tourner l'obtura- einem    Teststrang   in  einem    Bohrloch,
teur entre une position d'ouverture et une posi- enthaltend: ein
Kugelventil (40) und Betiti-        tion de fermeture, caracteris6 en ce
que le dis- gungsmittel zur Verdrehung des Kugelventils          positif de
manoeuvre  est un  organe  de zwischen  einer offenen  Stellung  und einer
50    manoeuvre d'obturateur A deplacement libre geschlossenen Stellung,
dadurch gokennzeich-         limite selon l'une quelconque des revendica-
net, daB die Betatigungsmittel ein Ventilstell-     tions 1 A 3. glied mit
totem Gang nach einem der Anspru-            5. Obturateur selon la
revendication 4, dans che 1 bis 3 ist.
lequel la section motrice (500) est commandie 5. Bohrlochschlielventil nach
Anspruch 4,   65   par la pression  dans l'anneau  afin qu'elle dadurch
gekennzeichnet daB die Antriebsab-           deplace longitudinalement le
mandrin dans un schnittsmittel (500) auf den  Ringraumdruck          sens A
la suite d'une augmentation de la pres- ansprechen, und zwar zur
Lingsverstellung der        sion dans le sondage a proximite de l'obtura-
Dornmittel in einer Richtung auf eine Zunahme        teur de fermeture, et
en sens oppose A la suite des Bohrlochdruckes an dem  Bohrlochschliel-   60
d'une reduction de la pression dans le son- ventil und  in der
Gegenrichtung  auf eine           dage. Abnahme des Bohrlochdruckes. 65 9
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