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an oil-filled first zone and a second zone; an equalizing passage means,
disposed in said hous- The present invention relates generally to       ing
for transmitting said pressure from said well annulus pressure responsive
downhole tools         annulus external of said housing to said second
utilizing a liquid spring chamber.            5    zone of said second
chamber; a pressurizing One operation which is often performed on a
passage communicating said first chamber with well is to flow test the well
by lowering a tester  said first zone of said second chamber; a first value
into the well connected to a testing string,  back pressure check valve
means, disposed in with the tester valve in the closed position until it
said pressurizing passage, for allowing said oil to reaches its final
location within the well. Then the   10   flow from said first zone of said
second chamber packer is set and the tester valve is opened by    through
said pressurizing passage into said first annulus pressure to allow the
formation to pro-    chamber when a pressure in said first zone of said
duce through the test string. Quite often, these   second chamber exceeds a
pressure of nitrogen tester valves are constructed so that they are     gas
in said first chamber by a first predetermined operated in response to
changes in annulus   15   value, and for preventing liquid from flowing
pressure.                                          from said first chamber
through said pressurizing A typical annulus pressure responsive tester
passage to said first zone of said second valve of the prior art is shown,
for example, in   chamber; a depressurizing passage communicat- U.S. Patent
No. 3,856,085, and another somewhat    ing said first chamber with said
first zone of said modified example is shown at pages 3310-3311    20
second chamber; and a second back pressure of "Halliburton Services Sales
and Service         check valve means, disposed in said depressuriz-
Catalog-No. 39", and designated as "APR Ball       ing passage, for
allowing said oil to flow from Valve Tester". Both of these tester valves
utilize a  said first chamber through said depressurizing chamber
containing pressurized nitrogen gas as a   passage into said first zone of
said second spring chamber to bias the power piston in a   25   chamber
when the gas pressure in said first direction opposite the direction in
which it is    chamber exceeds the oil pressure in said first biased by
increased annulus pressure.              zone of said second chamber by a
second pre- Also, it has been proposed in connection with a  determined
value, said second predetermined circulation valve to utilize such a
compressed     value being greater than said first predetermined nitrogen
gas chamber in combination with a   30   value, and for preventing oil from
flowing from floating shoe which transmits the pressure from    said first
zone of said second chamber through the compressed nitrogen gas to a
non-compress-     said  depressurizing  passage into said first ible
liquid-filled chamber, which liquid-filled    chamber; said first chamber
being divided by a chamber is communicated with a well annulus
floating piston into an upper region containing through both a pressurizing
and a depressurizing    35   said gas and a lower region containing said
oil. passage, each of which includes a fluid flow         One significant
disadvantage of all these nitro- restriction means and a back pressure
valve, to    gen gas-filled valves, is that the nitrogen chamber trap
annulus pressure. This is known in U.S.       must be filled with
pressurized nitrogen gas Patent 4,113,012, which  discloses a valve
under extremely high pressures while the valve is apparatus comprising an
elongate housing, a   40   still located at the surface, and before it is
lowered flow passage disposed therein; flow valve means    into the well.
This creates safety problems due to disposed in said housing and movable
between a     the difficulties of containing the high pressure closed
position wherein said flow passage is       gas. closed, and an open
position wherein said flow       We have now found that a tool similar to
that in passage is open; power mandrel means, dis-   45   U.S. Patent No.
4,113,012 can be modified to posed in said housing, said power mandrel
operate with a compressible liquid in place of the means including a power
piston, said power         nitrogen gas. Liquid springs using silicone
liquid mandrel means being operatively associated with    in downhole tools
are discussed in U.S. Patent said flow valve means for moving said flow
valve   No. 4,109,724 and U.S. Patent No. 4,109,725. means from its closed
position to its open posi   50  According to the present invention, there
is tion upon movement of said power mandrel           provided a valve
apparatus comprising an elon- means in a first direction longitudinally
within   gate housing having an axial flow passage dis- said housing from a
first position to a second     posed therein; flow valve means disposed in
said position; power passage means disposed in said     housing and movable
between a closed position housing for transmitting pressure from a well  55
wherein said flow passage is closed, and an open annulus external of said
housing to a first side of  position wherein said flow passage is open;
said power piston; a first chamber disposed in     power mandrel means,
disposed in said housing, said housing and arranged to be filled with
said power mandrel means including a power nitrogen gas, a second side of
said power piston   piston, said power mandrel means being oper- being in
fluid communication with said first   60   atively associated with said
flow valve means for chamber so that pressure from said gas is trans-
moving said flow valve means from its closed mitted to said second side of
said power piston; a  position to its open position upon movement of second
chamber disposed in said housing; a         said power mandrel means in a
first direction floating piston means disposed in said second
longitudinally within said housing from a first chamber and dividing said
second chamber into   65   position to a second position; power passage 2



3               EP 0 088 550  B1                   4 means disposed in said
housing for transmitting     connected to said liquid spring chamber
connec- pressure from a well annulus external of said      tor; a lower
filler nipple connected to said liquid housing to a first side of said
power piston; a first  spring chamber housing section; a lower housing
chamber disposed in said housing, a second side     section connected to
said lower filler nipple; and of said power piston being in fluid
communica-    5    a lower housing adapter connected to said lower tion
with said first chamber so that pressure from  housing section; valve
means, disposed in said said first chamber is transmitted to said second
valve housing section, and movable between side of said power piston; a
second chamber         open and closed positions; power mandrel disposed in
said housing; a floating piston means   means, disposed in said outer
housing, and disposed in said second chamber and dividing   10   including
a power piston received within a said second chamber into a first zone and
a         cylindrical inner bore of said power housing second zone; an
equalizing passage means, dis-      section, said power mandrel means being
oper- posed in said housing for transmitting said         atively
associated with said valve means for pressure from said well annulus
external of said    movement of said valve means between its open housing
to said second zone of said second    15   and closed positions upon
movement of said chamber; a pressurizing passage communicating       power
piston within said power housing section, said first chamber with said
first zone of said     a lower end of said power mandrel means being second
chamber; a first back pressure check valve   slidably and sealingly
received within a central means, disposed in said pressurizing passage, for
bore of said liquid spring chamber connector; a allowing fluid to flow from
said first zone of said   20   power port disposed through a wall of said
power second  chamber through  said  pressurizing         housing section
and arranged to be in fluid passage into said first chamber when a pressure
communication with an upper side of said power in said first zone of said
second chamber exceeds   piston; a liquid spring chamber mandrel means a
pressure in said first chamber by a first pre-    having an upper end
connected to said liquid determined value, and for preventing fluid from
25   spring chamber connector and a lower end flowing from said first
chamber through said        received in a bore of said lower filler nipple,
said pressurizing passage to said first zone of said    liquid spring
chamber mandrel means being second chamber; a depressurizing passage com-
spaced radially inward from said liquid spring municating said first
chamber with said first zone  chamber housing section so as to define an of
said second chamber; and a second back   30   annular main spring chamber
which is in fluid pressure check valve means, disposed in said
communication with a lower side of said power depressurizing passage, for
allowing fluid to flow  piston; a lower mandrel having an upper end from
said first chamber through said depressuriz-   connected to said lower
filler nipple and a lower ing passage into said first zone of said second
end sealingly received in a bore of said lower chamber when the pressure in
said first chamber   35   housing adapter, said lower mandrel being exceeds
the pressure in said first zone of said     spaced radially inward from
said lower housing second chamber by a second predetermined
section to define an annular equalizing chamber; value, said second
predetermined value being        a metering cartridge disposed between said
lower greater than said first predetermined value, and    housing section
and said lower mandrel at an for preventing fluid from flowing from said
first   40   upper end of said equalizing chamber; pressuriz- zone of said
second chamber through said depre-    ing passage means, disposed through
said lower ssurizing passage into said first chamber; charac-  filler
nipple and said metering cartridge, for com- terised in that the flow
passage extends axially of  municating said main spring chamber with said
the housing, the valve means is a ball valve        equalizing chamber; a
pressurizing back pressure means disposed in the flow passage in the hous-
45   check valve disposed in said pressurizing passage ing; and wherein
said first chamber is divided into  means within said metering cartridge,
for allow- a first zone and a second zone by a second          ing liquid
to flow from said equalizing chamber to floating piston; said first zone of
said first      said main spring chamber; a first time delay chamber is
filled with a compressible liquid; said  liquid flow restriction disposed
in said pressuriz- second zone of said first chamber is communi-   50   ing
passage means within said metering car- cated with said pressurizing
passage and said      tridge; a depressurizing passage means, dis-
depressurizing passage; and both said second        posed through said
lower filler nipple and said zone of said first chamber and said first zone
of   metering cartridge for communicating said main said second chamber are
filled with a sub-          spring chamber with said equalizing chamber; a
stantially noncompressible liquid.            55   depressurizing back
pressure check valve, dis- In one preferred embodiment, the invention
posed in said depressurizing passage means provides a valve apparatus, as
defined above and    within said metering cartridge, for allowing liquid
comprising: an outer housing including: an upper    to flow from said main
spring chamber to said housing adapter; a valve housing section con-
equalizing chamber; a second time delay liquid nected to said upper housing
adapter; an upper   60   flow restriction disposed in said depressurizing
filler nipple connected to said valve housing       passage means within
said metering cartridge; an section; a power housing section connected to
equalizing port disposed through a wall of said said upper filler nipple; a
liquid spring chamber   lower housing section; said first floating piston
connector connected to said power housing sec-      means being disposed in
said equalizing chamber tion; a liquid spring chamber housing section    65
above said equalizing port. 3  



5               EP 0088550 B1                       6 The invention further
provides a method of flow   and a first fluid flow restriction are placed
in the testing a well, said method comprising the steps    pressurizing
passage for fluid communication of: lowering into said well a flow tester
valve     from the first zone of the second chamber to the comprising a
valve apparatus of the invention,      first chamber. A second back
pressure check wherein said compressible liquid is at sub-    5    valve
means and a second fluid flow restriction stantially atmospheric pressure
as said lowering    are placed in the depressurizing passage, in is begun;
transmitting annulus fluid pressure       reverse order of those just
described, for fluid from an annulus of said well to said compressible
communication from the first chamber to the first liquid as said flow
tester valve is lowered into said  zone of the second chamber. This
arrangement well; locating said flow tester valve with said well   ro
provides a means for trapping a portion of the at a final depth;
pressurizing said annulus an      well annulus fluid in the first chamber
so as to additional amount, above a hydrostatic pressure     provide liquid
pressure energy for returning the therein, sufficient to open said flow
tester valve;  power mandrel and the flow-valve to the closed transmitting
at least a portion of said additional  position upon depressurizing of the
well annulus. amount of annulus pressure to said compressible   15    In an
alternative embodiment of the present liquid; depressurizing said annulus
to a final      invention, the power piston includes a main annulus
pressure; as said annulus is depre-         piston and a booster piston.
The booster piston ssurized, trapping a portion of the pressure in said
aids  in  initially  overcoming  the  frictional compressible liquid in
excess of said final annulus  resistance of the ball valve to opening.
pressure sufficient to close said flow tester valve,   20  In order that
the invention may be more fully so that a trapped amount of liquid pressure
understood, reference is made to the accompany- energy trapped in said
compressible liquid in       ing drawings, wherein: excess of an amount of
liquid pressure energy         Fig. 1 is a schematic elevation view of a
repre- within said compressible liquid when said liquid    sentative
offshore installation which may be spring means was at substantially
atmospheric   25   employed for formation testing purposes, and pressure is
entirely obtained from transmittal of   illustrates a formation testing
string or tool liquid pressure energy from said well annulus to    assembly
in position in a submerged well bore said compressible liquid; and closing
said flow     and extending upwardly to the floating operating tester
valve, upon depressurizing of said annulus,  and testing station. by use of
said trapped liquid pressure energy.  30    Figs. 2A-2J comprise an
elevational section In preferred embodiments of the present inven-    view
of a tester valve of the present invention but tion, a tester valve
apparatus utilizes a silicone  without a second floating piston in the
first liquid spring chamber. Significant safety advan-    chamber; tages
are provided as compared to the nitrogen-       Fig. 3 is a view similar to
Fig. 2G but showing an filled units of the prior art since the safety   35
embodiment in accordance with the present problems of dealing with high
pressure nitrogen     invention wherein a second floating piston is are
eliminated. Additionally, the structure for, and  provided in the first
chamber. manner of operating and controlling the pressure      Fig. 4 is an
elevational section view of a locater within, the silicone liquid spring
chamber are      tool for initially positioning the lower floating improved
in numerous respects as compared to   40   piston within the equalizing
chamber. the two prior silicone liquid filled tools referred to  During the
course of drilling an oil well, the above.
borehole is filled with a fluid known as drilling The valve apparatus of
the present invention      fluid or drilling mud. One of the purposes of
this generally includes an elongate housing with a       drilling fluid is
to contain in intersected forma- flow valve means disposed therein for
opening    45   tions any fluid which may be found there. To and closing an
axial flow passage of the housing.   contain these formation fluids the
drilling mud is A power mandrel means is disposed in the hous-
weighted with various additives so that the hydro- ing and includes a power
piston. The power          static pressure of the mud at the formation
depth mandrel means is connected to the flow valve        is sufficiently
to maintain the formation fluid means. A power passage transmits well
annulus   so   within the formation without allowing it to escape pressure
to the top side of the power piston. A     into the borehole. first chamber
is disposed in the housing and filled   When it is desired to test the
production at least partially with compressible liquid. The    capabilities
of the formation, a testing string is lower side of the power piston is in
communica-     lowered into the borehole to the formation depth tion with
this first chamber. A second chamber is  s5   and the formation fluid is
allowed to flow into the also disposed in the housing and has a floating
string in a controlled testing program. Lower piston means disposed therein
dividing the          pressure is maintained in the interior of the second
chamber into a first zone and a second       testing string as it is
lowered into the borehole. zone. An equalizing passage is disposed through
This is usually done by keeping a valve in the the  housing  for
transmitting  well annulus   60   closed position near the lower end of the
testing pressure to the second zone of the second           string. When
the testing depth is reached, a chamber. Both a pressurizing passage and a
packer is set to seal the borehole thus closing in depressurizing passage
each communicate the         the formation from the hydrostatic pressure of
the first chamber with the first zone of the second     drilling fluid in
the well annulus. chamber. A first back pressure check valve means   65
The valve at the lower end of the testing string 4 



7               EP 0088550 BI                       8 is then opened and
the formation fluid, free from     The testing string 34 may also include
numer- the restraining pressure of the drilling fluid, can  ous other items
of related equipment, as is known flow into the interior of the testing
string.       to those skilled in the art. A typical arrangement for
conducting a drill        Figs. 2A-2J show a cross-section elevation string
test offshore is shown in Fig. 1. Such an    5    view of a preferred
embodiment of downhole arrangement would include a floating, work
tester valve apparatus 58 of the present invention station 10 stationed
over a submerged well site     (except that it has no second floating
piston in the 12. The well comprises a well bore 14 typically     first
chamber). lined with a casing string 16 extending from the      The valve
apparatus 58 includes an outer hous- work site 12 to a submerged formation
18. The    10   ing 62. The outer housing 62 itself includes an casing
string 16 includes a plurality of perfora-   upper housing adapter 64, a
valve housing sec- tions 20 at its lower end which provide communi-    tion
66, an upper filler nipple 68, a power housing cation between the formation
18 and the interior    section 70, a liquid spring chamber connector 72, 22
of the well bore 14.                             a liquid spring chamber
housing section 74, a At the submerged well site is located a well-   15
lower filler nipple 76, a lower housing section 78, head installation 23
which includes blowout pre-    and a lower housing adapter 80. venter
mechanisms. A marine conductor 24              A holder mandrel 82 has an
externally threaded extends from the wellhead installation to the
upper end 84 threadedly connected to internally floating work station 10.
The floating work station  threaded surface 86 of a lower end of upper 10
includes a work deck 27 which supports a   20   housing adapter 64. derrick
28. The derrick 28 supports a hoisting        The valve housing section 66
has an upper means 30. A wellhead closure 32 is provided at      inner
cylindrical surface 88 in which is closely the upper end of the marine
conductor 24. The       received a lower outer cylindrical surface 90 of
wellhead closure 32 allows for lowering into the    upper housing adapter
64. A resilient seal 92 is marine conductor and into the well bore 14 of a
25   provided between surfaces 88 and 90, and a formation testing string 34
which is raised and     resilient seal 94 is provided between upper lowered
in the well by the hoisting means 30.       adapter 64 and holder mandrel
82. A supply pump conduit 36 is provided which          The valve housing
section 66 includes a plu- extends from a hydraulic pump 38 on the work
rality of radially inward extending splines 96 deck 26 of the floating
station 10 and extends to   30   which are meshed with a plurality of
radially the wellhead installation 23 at a point below the   outward
extending splines 98 of holder mandrel blowout preventers to allow the
pressurizing of a   82. well annulus 40 surrounding the testing string 34.
Holder mandrel 82 includes a radially outward The testing string 34
includes an upper conduit   extending upward facing ledge 100 which is
string portion 42 extending from the work deck 26   35   located below the
radially outward extending to the wellhead installation 23. A hydraulically
splines 98 and engages lower ends 102 of the operated conduit string test
tree 44 is located at  radially inward extending splines 96 so that the the
lower end of the upper conduit string 42 and is  valve housing section 66
is held longitudinally landed in the wellhead installation 23 to thus
and rotationally fixed relative to the upper hous- support the lower
portion of the formation testing    40   ing adapter 64 by means of the
holder mandrel string 34.                                          82. The
lower portion of the formation testing          An upper seat holder 104
has an upper cylindri- string 34 extends from the test tree 44 to the
cal outer surface 106 closely received in a lower formation 18. A packer
mechanism 46 isolates the    bore 108 of holder mandrel 82. A resilient
seal 110 formation 18 from fluids in the well annulus 40. A    45   is
provided between upper seat holder 104 and perforated tail piece 48 is
provided at the lower   the bore 108. end of the formation testing string
34 to allow       Upper seat holder 104 includes a first annular fluid
communication between the formation 18        groove 112 in a lower end
thereof, within which is and the interior of the tubular formation testing
received an upper annular resilient seat 114. An string 34.
50   upper seat retainer 116 is threadedly attached to The lower portion of
the formation testing        upper seat holder 104 to hold the upper seat
114 string 34 includes intermediate conduit portion 50  in the groove 112.
-and torque transmitting pressure and volume           A cylindrical collar
118 has an  internally balance slip joint means 52. An intermediate
threaded upper end 120 attached to an outer conduit: portion 54 is provided
for imparting    55   threaded surface 122 of holder mandrel 82. Collar
packer setting weight to the packer mechanism 46    118 has a radially
inward extending lip 124 at a at the lower end of the formation testing
string 34.  lower .end thereof. A circulation valve 56 is located near the
lower    A lower seat holder 126 has a radially outward end of the
formation testing string 34. Also near    extending downward facing surface
128 engaging the lower end of the formation testing string 34   60   an
upper side of the lip 124 of collar 118. below the circulation valve 56 is
located a tester    A second annular seat receiving groove 130 is valve 58
of the present invention which is          disposed in the upper end of
lower seat holder described in more detail below.                     126
and has a lower annular resilient seat 132 A pressure recording device 60
is located below    received therein. A lower seat retainer 134 is the
tester valve 58.                           65   threadedly attached to the
lower seat holder 126 



5    EP 0088550 B1                     10 to hold the lower seat 132 in the
groove 130.     148, the connector assembly 170 moves longi- A ball valve
136, which may also be referred to  tudinally therewith which also moves
the oper- :  as a full opening ball flow valve means, is spheri-  ating
means 142 longitudinally therewith so as to cal in shape and has a central
bore 138 there-    operate the closure valve means 136. through. The flow
valve means 136 is shown in    5  A lower end of bottom power mandrel
section Fig. 2B in its closed position wherein its bore 138  152 is closely
slidably and sealingly received is isolated from a longitudinal axial flow
passage  within a central bore 186 of liquid spring chamber 140 of the
tester valve apparatus 58 by the upper  connector 72. The seal therebetween
is provided and lower seats 114 and 132. The flow valve       by seals 188
and 190. means 136 sealingly engages the upper and lower   10  A power port
192 is disposed through a wall of resilient seats 114 and 132.
power housing section 70 and arranged to be in An operating means 142
includes a pin 144      fluid communication with an upper side 194 of which
extends through a longitudinal opening in   power piston 156. the collar
118 into an eccentric hole 146 of the   A seal is provided between piston
156 and bore flow valve means 136. Although only two small  15   158 at
seal 196. portions of the collar 118 are shown in Figs. 2A   A releasable
holding means 198 includes a and 2B, the collar 118 is generally an
elongated  radially resilient collet sleeve 200 held in place cylinder in
shape having a continuous upper end   within the housing 62 by upper and
lower collet which shows in cross section like the upper end   retainer
pieces 202 and 204 which are threadedly 120 and having a continuous lower
end which   20   connected together at 206. The assembled upper shows in
cross section like the lip 124 with those  and lower collet retainer pieces
202 and 204 are upper and lower ends being connected by a thin    held
between a downward facing ledge 208 of cylinder which has two longitudinal
openings      power housing section 70 and an upper end 210 therein.
of liquid spring chamber connector 72. Actually, there are two pins such as
144 which   25  Releasable holding means 198 also includes a are
eccentrically located on opposite sides of the  shoulder piece 212
threadedly connected to bore138 in a manner known to those skilled in the
bottom power mandrel section 152 at threaded art. When the operating means
142 is moved        connection 214. Shoulder piece 212 includes
longitudinally downward relative to the housing  thereon a plurality of
radially outward extending 62 from the position shown in Fig. 2B, the flow
30   shoulders 216. valve means 136 is rotated within the seats 114
Collet sleeve 200 includes upper and lower and 132 to an open position
wherein the bore 138  tapered surfaces 218 and 220, and shoulder 216
thereof is aligned with the axial flow passage 140  includes upper and
lower tapered surfaces 222 of the tester valve apparatus 58.
and 224 arranged so that when shoulder 216 A power mandrel means 148
includes a top   35   moves past sleeve 200 one of said tapered sur- power
mandrel section 150 and a bottom power     faces of the shoulder 216
engages one of the mandrel section 152 which are threadedly con-    tapered
surfaces of the sleeve 200 and causes the nected together at 154. Formed on
the bottom     sleeve 200 to expand radially to allow the power mandrel
section 152 is a power piston 156  shoulder 216 to pass therethrough. which
is received within a cylindrical inner bore   40  A liquid spring chamber
mandrel means 226 158 of power housing section 70.
includes an upper spring chamber mandrel piece Top power mandrel section
150 includes          228 and a lower spring chamber mandrel piece radially
outward extending splines 160 which      230 connected together at threaded
connection mesh with radially inward extending splines 162   232. of the
lower end of upper filler nipple 68 to   45  An upper end of upper spring
chamber mandrel prevent relative rotation therebetween.           piece 228
is threadedly connected to liquid spring An intermediate portion of top
power mandrel    chamber connector 72 at threaded connection section 150 is
closely and sealingly received     234. within a bore 164 of upper filler
nipple 68 and a  A lower end 236 of lower spring chamber seal therebetween
is provided by seals 166.  50   mandrel piece 230 is closely received
within a A power mandrel cap 168 is threadedly           bore 238 of lower
filler nipple 76 and a seal attached to the upper end of top power mandrel
therebetween is provided by seal 240. section 150.
Liquid spring chamber mandrel means 226 is A connector assembly 170
includes an upper      spaced  radially inward from  liquid spring
connector piece 172 and a lower connector piece   55   chamber housing
section 74 so as to define an 174 threadedly connected together at 176.
annular main spring chamber 242. Main spring The upper connector piece 172
includes a        chamber 242 communicates with a lower side 244 groove 178
within which is received a lip 180 of  of power piston 156 through a
connecting bore operating means 142 so that operating means 142   246
disposed through liquid spring chamber con- and upper connector piece 172
move together   60   nector 72 and an annular space 248 between
longitudinally within the housing 62.             power housing section 70
and bottom power The power mandrel cap 168 is held between       mandrel
section 152. upward and downward facing surfaces 182 and        A lower
mandrel 250 has an upper end con- 184 of connector assembly 170 so that
upon       nected to lower filler nipple 76 at threaded con- 



longitudinal movement of power mandrel means   es   nection 252 and a lower
end sealingly received in    11              EP 0 088 550 B1
12 a bore 254 of lower housing adapter 80. A seal is  138 of flow valve
means 136 is aligned with flow provided between lower mandrel 250 and bore
passage 140 so that the flow passage 140 is open. 254 by seal 256.
The power mandrel means 148 is disposed in The lower mandrel 250 is spaced
radially         the housing 62 and includes the power piston 156. inward
from lower housing section 78 to define    5    THe power mandrel means 148
is operatively an annular equalizing chamber 258.
associated with the flow valve means 136 for A cylindrical metering
cartridge 260 is disposed  moving the flow valve means 136 from its closed
between lower housing section 78 and lower         position to its open
position in one continuous mandrel 250 at an upper end of equalizing
movement simultaneous with movement of the chamber 258.
10   power mandrel means 148 longitudinally down- A pressurizing passage
means 262 includes an     wardly within the housing 62 in one continuous
upper portion 264 disposed in lower filler nipple   motion from the first
position illustration in Figs. 76 and a lower portion 266 disposed in
metering    2B-2E to a second position whereupon a lower cartridge 260.
Pressurizing passage means 266      end 310 of lower connector piece 174
engages an communicates main spring chamber 242 with   15   upper end 312
of upper filler nipple 68. The valve equalizing chamber 258.
means 136 thus snaps open, rather than opening Pressurizing back pressure
check valve 268 is    slowly or in incremental steps, and this minimizes
disposed in lower portion 266 of pressurizing       fluid erosion problems.
passage means 262 for allowing liquid to flow        The power port 192 may
be described as a from equalizing chamber 258 to the main spring   20
power passage means 192 disposed in the hous- chamber 242.
ing 62 for transmitting pressure from the well A first time delay liquid
flow restriction 270 is  annulus 40 external of the housing 62 to the upper
disposed in lower portion 266 of pressurizing      or first side 192 of
power piston 156. passage means 262. Also, a filter 271 is disposed    A
liquid spring chamber, which may also be in lower portion 266 of
pressurizing passage   25   generally referred to as a first chamber
disposed means 262.                                        in the housing
62, includes the entire space A depressurizing passage means 272 includes
communicating the bottom or second side 244 of an upper portion 274
disposed in lower filler      power piston 156 with the fluid flow
restrictors nipple 76 and a lower portion 276 disposed in      270 and 280
disposed in the metering cartridge metering cartridge 260. Depressurizing
passage   30   260. This first chamber includes a number of means 272 also
communicates main spring            spaces previously defined such as the
annular chamber 242 with equalizing chamber 258.           space 248, the
bore 246, the main spring chamber A depressurizing back pressure check
valve 278   242, and the upper portion 264 of equalizing is disposed in
lower portion 276 of depressurizing  passage 262 as well as all the other
liquid spaces passage means 272. A second time delay liquid   35
communicated therewith. flow restriction 280 is disposed in lower portion
In the apparatus shown in Figs. 2A-2E, this 276 of depressurizing passage
means 272. Also, a   entire first chamber is filled with a compressible
filter 281 is disposed in lower portion 276 of     liquid such as a
silicone oil such as that sold depressurizing passage means 272.
under the trademark DOW CORNING 200. The A floating piston means 282 is
disposed in   40   basic properties of that compressible fluid and its
equalizing chamber 258 between lower housing       changing compressibility
characteristics with section 78 and lower mandrel 250. Seals 284 and
changes in  pressure  and  temperature are 286 are provided between piston
282 and lower      described in detail in U.S. Patent No. 4,109,724 housing
section 78. Seals 288 and 290 are pro-     and U.S. Patent No. 4,109,725.
vided between floating piston 282 and lower   45     Also disposed in the
housing 62 is the equaliz- mandrel 250.
ing chamber 258 which may also generally be An equalizing port 292 is
disposed through a     referred to as a second chamber. The equalizing wall
of lower housing section 78 near a lower end  chamber'258 is divided into a
first zone 314 and a thereof.
second zone 316 by the floating piston means 282 Upper filler nipple 68 has
a fill port 294 dis-   50   seen in Fig. 21. The equalizing port 292 may
posed therethrough which is closed by a threaded   generally be described
as an equalizing passage plug 296.
means disposed in the housing 62 for transmit- Lower filler nipple 76
includes a fill port 298  ting pressure from the well annulus 40 external
of closed by a plug 300. Lower filler nipple 76 also  the housing 62 to the
second zone 316 of the includes a second filler port 302 closed by a plug
55   equalizing chamber 258. 304.
The pressurizing passage means 262 and the Lower housing section 78
includes a filler port  depressurizing passage means 272 both com- 306
closed by a plug 308.                          municate the main spring
chamber portion 242 of Thus, the valve apparatus 58 may generally be    the
first chamber with the first zone 314 of the said to include the housing 62
having the flow    60   second or equalizing chamber 258. passage 140
disposed therethrough.                   The pressurizing back pressure
check valve Flow valve means 136 is disposed in the hous-    means 268
allows liquid to flow from the first ing 62 and is movable between a closed
position    zone 314 of the equalizing chamber 258 through as shown in Fig.
2B wherein the flow pasaage 140   the pressurizing passage 262 into the
main spring 



is closed, and an open position wherein the bore   65   chamber portion 242
when a pressure in the first    13              EP 0088550  B`
14 zone 314 of equalizing chamber 258 exceeds a       temperatures involved
during the operation of the pressure of the compressible liquid in the main
tester valve apparatus 58 that it can be corn- spring chamber 242 by a
first predetermined        pressed by a volume at least as great as the
value. The pressurizing back pressure check valve  volume displaced by the
power piston 156 when it means 268 prevents liquid from flowing from the
5    moves from  its first position 'shown in Figs. main spring chamber 242
through the pressuriz-     2C-2E to its second position wherein the sur-
ing passage 262 to the first zone 314 of equalizing  faces 310 and  312
engage as previously chamber 258.
described. The depressurizing back pressure check valve       A specific
detailed example of such a construc- means 278 allows liquid to flow from
the main   10  tion is given in U.S. Patent No. 4,109,724, at spring
chamber 242 through the depressurizing      column 10, line 52-column 11,
line 13 thereof, to passage 272 into the first zone 314 of equalizing
which reference should be made for further chamber 258 when the pressure in
the main          details. spring chamber 242 exceeds the pressure in the
The back pressure check valves 268 and 278 are first zone 314 of equalizing
chamber 258 by a    15   constructed such that the second predetermined
second predetermined value. This second pre-       value of the
depressurizing back pressure check determined value is greater than the
first pre-    valve 278 exceeds the first predetermined value determined
value. The depressurizing  back        of the pressurizing back pressure
check valve 268 pressure check valve means 218 prevents liquid     by an
amount sufficient that when a pressure from flowing from the first zone 314
of equalizing    20   differential of such amount is applied across chamber
258 through the depressurizing passage     power piston 156 from the second
side 244 means 272 into the main spring chamber 242.        toward the
first side 194 thereof, when the power As shown in Figs. 2A-2E, the entire
first         mandrel means 148 is in its second position with' chamber,
including all of the main spring          the surfaces 310 and 312 engaged,
a sufficient chamber 242, is completely filled with the corn-   25   force
is exerted on the power piston 156 to move pressible liquid and also the
first zone 314 of    the power mandrel means 148 back to its first
equalizing chamber 258 is completely filled with   position illustrated in
Figs. 2C-2E. compressible liquid so that it is the compressible   The first
flow restrictor 270 which may also be liquid which flows through the
metering cartridge  referred to as a flow impedance means 270, is 260.
However, in certain installations, wherein the   30   disposed in the
pressurizing passage means 262 amount of flow back and forth through the
flow     and impedes the flow of liquid through the restricting orifices
270 and 280 is particularly   pressurizing passage 262 so that upon rapid
great, there may be a problem of foaming of a      pressurization of the
well annulus 40 an annulus compressible liquid such as silicone oil. In
that  fluid pressure in the annulus 40 will increase situation, an
alternative arrangement, in accord-   35   faster than the annulus fluid
pressure can be ance with the present invention, is preferable
transmitted through the pressurizing passage 262 wherein a second floating
piston 318 is provided   to the main spring chamber 242, thereby creating
in the main spring chamber 242 such as shown in    a pressure differential
across the power piston Fig. 3.
156 from the upper first side 194 toward the lower This second floating
piston divides the main   40   second side 244 thereof sufficient to move
the spring chamber 242 into an upper first zone 320    power mandrel means
148 from its first position and a lower second zone 322. The first zone 320
is  shown in Figs. 2C-2E to its said second position completely filled with
the compressible silicone   previously described with surfaces 310 and 312
oil liquid. The second zone 322 of the main spring  engaged to thereby open
the flow valve means chamber 242 and the first zone 314 of equalizing   45
136. chamber 258 are both filled with a substantially     The second liquid
flow restrictor 280 which may noncompressible liquid, such as hydraulic
oil,     be generally described  as a second flow which will not present
any foaming problem as it   impedance means 280, disposed in the depre-
passes back and forth through the fluid flow       ssurizing passage 272,
impedes flow of liquid restrictions.                                 50
through the depressurizing passage 272 so that With this one modification,
the embodiment of     when the power mandrel means 148 is in its said Fig.
3 (which is in accordance with the present    second position with the
surfaces 310 and 312 invention) is otherwise the same as Figs. 2A-2J.
engaged, and the well annulus 40 is rapidly Continuing with the description
of Figs. 2A-2J,   depressurized, an annulus fluid pressure in it is
necessary that an initial volume of the first   55   annulus 40 will
decrease faster than the pressure chamber when the power mandrel means is
in its     of the compressible liquid in the main spring first position, as
illustrated in Figs. 2A-2J, be  chamber 242 will decrease, thereby creating
a sufficiently large that the amount of compressible  pressure differential
across the power piston 156 silicone oil liquid in the first chamber may be
from the lower second side 244 thereof toward compressed into a final
volume of the first   60   the upper first side 194 thereof. This pressure
chamber as the power mandrel means 148 moves       differential is greater
than an amount by which rapidly downward from its first position to its
the second predetermined value of the depre- second position wherein the
surfaces 310 and 312   ssurizing back pressure check valve 278 exceeds
engage. This requires that the silicon oil have    the first predetermined
value of the pressurizing 



sufficient compressibility at the pressures and   '65   back pressure check
valve 268. In other words, 8    15              EP  9088550  BI
16 upon rapid depressurization of the well annulus,    of lower housing
section 78 the floating piston there  is for a period of time a pressure
trapped in  282 will be properly located within the equalizing the main
spring chamber 242 due to the time          chamber 258. Then the locating
tool 324 is delay provided by the liquid flow restrictor 280    unthreaded
from the piston 282 and the lower which  exceeds the  difference in
operating    5    housing section 78 thus leaving the piston 282 in
pressure between the check valves 268 and 278.      its proper place within
the equalizing chamber The releasable holding means 198 is operably
258. associated with the housing 62 and the power          The general
manner of flow testing a well mandrel means 148, for holding the power man-
utilizing the flow tester valve of the present drel means in its first
position until a pressure   10   invention with the improved silicone oil
liquid differential across the power piston 156 from the   spring is as
follows. First, a flow pressure valve upper first side 194 thereof toward
the lower       like the flow tester valve apparatus (in accordance second
side 244 thereof exceeds a third predeter-   with Fig. 3) is provided.
mined value, and for then holding the power           Prior to placing the
valve apparatus 58 in the mandrel means 148 in its said second position
15   well 14, the liquid spring means, i.e., the corn- with the surfaces
310 and 312 engaged until a       pressible fluid located in the first
chamber, is pressure differential across the power piston 156    maintained
at  substantially  atmospheric from its second side 244 toward its first
side 194   pressure. Thus, the danger encountered with thereof exceeds a
fourth predetermined value,        prior art tools wherein the compressible
fluid, which fourth predetermined value is less than the    20   namely
nitrogen gas thereof, must be initially difference between the first
predetermined value     placed under high pressures with its accompany- of
pressurizing back pressure check valve 268 and    ing safety hazards to
personnel handling the tool the second predetermined value of depressuriz-
is eliminated. ing back pressure check valve 278. In other words,     Then
the flow tester valve apparatus is lowered the pressure differential
required across the    25   into the well bore 14 with the liquid spring
means power piston 156 to force the shoulders 216          initially still
at substantially atmospheric pressure attached to the bottom power mandrel
section        as the lowering is begun. 152 through the collet sleeve 200
is less than the     As the flow tester valve apparatus 58 is lowered
minimum pressure which will be trapped within       into the well bore 14,
annulus fluid pressure from the main spring chamber 242 due to the
different   30   the annulus 40 is transmitted to the liquid spring
operating pressures of the check valves 268 and     means through the
equalizing chamber 258 and 278, thus assuring that even if the well annulus
40  the pressurizing passage 262. is depressurized very slowly, sufficient
pressure     In a preferred embodiment of the present will be trapped
within the main spring chamber       invention, the pressurizing back
pressure check 242 to move the power mandrel means back   35   valve 268 is
set to open at a pressure differential upward to its first position to
close the flow valve  of 551 kPa (80 psi) and the liquid flow restrictor
means 136.                                          270 provides a
two-minute time delay such that It will be appreciated that the floating
piston    any liquid pressure differential takes two minutes means 282 in
the equalizing chamber 258 may          to be completely transmitted
therethrough. Thus, move in either of two opposite directions relative   40
as the flow tester valve 58 is lowered into the well to the housing 62,
i.e., either upward or down-      bore 14, the pressure in the main spring
chamber ward, to either increase or decrease a volume of     242 lags
behind the pressure in the equalizing the first zone 314 of equalizing
chamber 258 to      chamber 258 by 551 kPa (80 psi) plus an amount allow
for either expansion or contraction of the     corresponding to a time lag
of two minutes. compressible silicone oil liquid due to pressure   45  This
time lag is set to be long enough so that and temperature changes as the
tester valve         the pressure in main spring chamber 242 will not
apparatus 58 is lowered into the well bore 14.      be affected by rapid
changes in annulus pressure, It is important that the floating shoe 282 be
and short enough so that with normal rates of initially located at the
proper position within      lowering a stand of drill pipe into the well
the equalizing chamber 258 to allow sufficient move-   50   increase in
hydrostatic head as the tester valve 58 ment both upward and downward to
accommo-            is lowered into the well will not occur sufficiently
date all possible volume changes of the com-         fast to prematurely
actuate the flow valve means pressible liquid encountered during the
lowering     136. bf the tester valve apparatus 58 into any particular  The
flow tester valve is lowered until it is well 14. Accurate positioning of
the floating pis-   55   located within the well bore 14 at a final depth
ton 282 is accomplished by means of a position-      wherein the packer 46
is set against the casing 16. ing tool 324 shown in Fig. 4.
Then the annulus 40 is rapidly pressurized an Positioning tool 324 includes
an upper threaded    additional amount above the hydrostatic pressure
portion 326 which threadedly engages an internal     which is already
present therein sufficient to open lower threaded portion 328 of floating
piston 282.   60   the flow valve means 136 of the apparatus 58. The
positioning tool 324 also includes a second      When the annulus 40 is
rapidly pressurized this threaded portion 330 which threadedly engages
increased pressure is communicated to the upper the threads 332 of the
lower end of lower housing    end 194 of power piston 156 through the power



section 78. When the upward facing shoulder 334      port 192, but is not
initially transmitted to the of positioning tool 324 engages the lower end
336   65   main spring chamber 242 because of the two-    17
EP  0 088 550 B1                    18 minute time delay provided by flow
restrictor 270   structed to be overcome by a pressure differential in the
pressurizing  passage 262. Thus the          of only 3.1 MPa (450 psi) so
that this minimum pressure on the top of power piston 156 exceeds
trapped pressure, namely, 3.58 MPa (520 psi), the pressure communicated
with the lower side       provides sufficient force to move the power pis-
244 of power piston 156 and the power piston 156    5    ton 156 and the
power mandrel means 148 back is moved downward compressing the compress-
upward to the first position of the power mandrel ible liquid located
within the first chamber and    means 148. particularly within the main
spring chamber 242.      Also, it is has been determined that in some This
pressure differential must be sufficient to  circumstances it is not
necessary to provide a push the shoulder 216 through the collet sleeve   10
releasable holding means such as 198, but rather 200 and to compress the
compressible silicon        the inherent frictional forces opposing
movement liquid located in the first chamber. This opens the  of the valve
means 136 and the attached structure flow valve means 136 so that its bore
138 is        may be relied upon to prevent premature oper- aligned with
the flow  passage 140 of the           ation of the valve means 136.
apparatus 58. In a preferred embodiment of the   15   This may be described
in terms of the liquid present invention, a pressure differential of 3.1
pressure energy which is trapped within the first MPa (450 psi) across the
power piston 156 is        chamber by means of compression of the com-
required to force shoulder 216 through collet       pressible fluid
therein. It may generally be said sleeve 200, thus the third and fourth
predeter-    that a trapped amount of liquid pressure energy mined values
mentioned above are each equal to   20   trapped in the liquid spring
means, in excess of 3.1 MPa (450 psi).                                 the
liquid pressure energy which was present in The well annulus pressure is
maintained at this   the liquid spring means when the liquid spring high
level while the flow test is performed. After a  means was at substantially
atmospheric pressure, period of two minutes, the pressure within the
is entirely obtained from transmittal of liquid main spring chamber 242
will reach a value 550   25   pressure energy from the well annulus 40 to
the kPa (80 psi) less than the well annulus pressure.   liquid spring means
while the apparatus 58 is Thus, at least a portion of the additional amount
being lowered into the well bore 14. This means of annulus pressure
provided to the well annulus    that all of the liquid pressure energy
present to 40 when it was rapidly pressurized is transmitted   reclose the
flow valve means 136 was provided to the liquid spring means in the first
chamber.    30   from the annulus 40 and none of it was initially When it
is desired to close the flow valve means  provided by any initial
pressurization of the com- 136, the well annulus 40 is rapidly
depressurized   pressible liquid prior to placing the tool in the to a
final annulus pressure much less than the      well. This is in contrast to
prior art wherein much prior high annulus pressure.
of the fluid pressure energy contained in a nitro- As the annulus 40 is
depressurized rapidly, this   35   gen-filled tool is placed in the
nitrogen chamber pressure change is not immediately seen in the      prior
to the time that the tool is placed in the well main spring chamber 242
because the liquid flow     bore. restrictor 280 in the depressurizing
passage          This trapped liquid pressure energy is utilized means 272
prevents the rapid flow of liquid from    to close the flow valve means 136
upon depre- the main spring chamber 242 into the first zone   40
ssurizing of the well annulus 40 as previously 314 of the equalizing
chamber 258, thus trapping    described. the pressure in the liquid spring
means for a period of time after the annulus 40 is depre-       Claims
ssurized. Thus, upon initial depressurization, the pressure trapped within
the main spring chamber   45  1. A valve apparatus comprising: an elongate
242 greatly exceeds the pressure in the well        housing (62) having an
axial flow passage (140) annulus 40 and thus a pressure differential is
disposed therein; flow valve means (136) dis- directed upward against the
power piston 156        posed in said housing and movable between a thus
moving the power mandrel means 148             closed position wherein said
flow passage is upward to its first position and moving the flow    50
closed, and an open position wherein said flow valve means 136 to its
closed position.             passage is open; power mandrel means (148),
The value of the pressure differential at which   disposed in said housing,
said power mandrel the depressurizing back pressure check valve 278
means including a power piston (156, 156A), said operates is higher than
the first predetermined     power mandrel means being operatively asso-
value of the pressurizing back pressure check   55   ciated with said flow
valve means for moving said valve 268, and in a preferred embodiment is
4.13    flow valve means from its closed position to its MPa (600 psi), so
that even after more than two     open position upon movement of said power
minutes have passed since the depressurization      mandrel means in a
first direction longitudinally of the annulus 40, a minimum portion of the
within said housing from a first position to a pressure in the main spring
chamber 242 which   60   second position; power passage means (192) has
remained trapped is at least 4.13 MPa minus     disposed -in said  housing
for transmitting 0.55 MPa or a total of 3.58 MPa (600 psi minus 80
pressure from a well annulus external of said psi or a total of 520 psi)
which will always remain  housing to a first side of said power piston; a
first 



trapped in the main spring chamber 242.             chamber (242) disposed
in said housing, a second The releasable holding means 198 is con-   65
side of said power piston being in fluid communi- 10    17              EP
0 088 550 B1                   18 minute time delay provided by flow
restrictor 270  structed to be overcome by a pressure differential in the
pressurizing passage 262. Thus the          of only 3.1 MPa (450 psi) so
that this minimum pressure on the top of power piston 156 exceeds
trapped pressure, namely, 3.58 MPa (520 psi), the pressure communicated
with the lower side      provides sufficient force to move the power pis-
244 of power piston 156 and the power piston 156    5    ton 156 and the
power mandrel means 148 back is moved downward compressing the compress-
upward to the first position of the power mandrel ible liquid located
within the first chamber and   means 148. particularly within the main
spring chamber 242.     Also, it is has been determined that in some This
pressure differential must be sufficient to  circumstances it is not
necessary to provide a push the shoulder 216 through the collet sleeve   10
releasable holding means such as 198, but rather 200 and to compress the
compressible silicon       the inherent frictional forces opposing movement
liquid located in the first chamber. This opens the  of the valve means 136
and the attached structure flow valve means 136 so that its bore 138 is
may be relied upon to prevent premature oper- aligned  with the flow
passage 140 of the         ation of the valve means 136. apparatus 58. In a
preferred embodiment of the   is  This may be described in terms of the
liquid present invention, a pressure differential of 3.1  pressure energy
which is trapped within the first MPa (450 psi) across the power piston 156
is       chamber by means of compression of the com- required to force
shoulder 216 through collet      pressible fluid therein. It may generally
be said sleeve 200, thus the third and fourth predeter-    that a trapped
amount of liquid pressure energy mined values mentioned above are each
equal to   20   trapped in the liquid spring means, in excess of 3.1 MPa
(450 psi).                                 the liquid pressure energy which
was present in The well annulus pressure is maintained at this  the liquid
spring means when the liquid spring high level while the flow test is
performed. After a  means was at substantially atmospheric pressure, period
of two minutes, the pressure within the     is entirely obtained from
transmittal of liquid main spring chamber 242 will reach a value 550   25
pressure energy from the well annulus 40 to the kPa (80 psi) less than the
well annulus pressure.  liquid spring means while the apparatus 58 is Thus,
at least a portion of the additional amount  being lowered into the well
bore 14. This means of annulus pressure provided to the well annulus   that
all of the liquid pressure energy present to 40 when it was rapidly
pressurized is transmitted   reclose the flow valve means 136 was provided
to the liquid spring means in the first chamber.    30   from the annulus
40 and none of it was initially When it is desired to close the flow valve
means  provided by any initial pressurization of the com- 136, the well
annulus 40 is rapidly depressurized  pressible liquid prior to placing the
tool in the to a final annulus pressure much less than the     well. This
is in contrast to prior art wherein much prior high annulus pressure.
of the fluid pressure energy contained in a nitro- As the annulus 40 is
depressurized rapidly, this   35   gen-filled tool is placed in the
nitrogen chamber pressure change is not immediately seen in the     prior
to the time that the tool is placed in the well main spring chamber 242
because the liquid flow    bore. restrictor 280 in the depressurizing
passage         This trapped liquid pressure energy is utilized means 272
prevents the rapid flow of liquid from   to close the flow valve means 136
upon depre- the main spring chamber 242 into the first zone   40
ssurizing of the well -annulus 40 as previously 314 of the equalizing
chamber 258, thus trapping   described. the. pressure in the liquid spring
means for a period of time after the annulus 40 is depre-      Claims
ssurized. Thus, upon initial depressurization, the pressure trapped within
the main spring chamber   45  1. A valve apparatus comprising: an elongate
242 greatly exceeds the pressure in the well       housing (62) having an
axial flow passage (140) annulus 40 and thus a pressure differential is
disposed therein; flow valve means (136) dis- directed upward against the
power piston 156       posed in said housing and movable between a thus
moving the power mandrel means 148            closed position wherein said
flow passage is upward to its first position and moving the flow    so
closed, and an open position wherein said flow valve means 136 to its
closed position.             passage is open; power mandrel means (148),
The value of the pressure differential at which   disposed in said housing,
said power mandrel the depressurizing back pressure check valve 278
means including a power piston (156, 156A), said operates is higher than
the first predetermined    power mandrel means being operatively asso-
value of the pressurizing back pressure check   55   ciated with said flow
valve means for moving said valve 268, and in a preferred embodiment is
4.13   flow valve means from its closed position to its MPa (600 psi), so
that even after more than two    open position upon movement of said power
minutes have passed since the depressurization     mandrel means in a first
direction longitudinally of the annulus 40, a minimum portion of the
within said housing from a first position to a pressure in the main spring
chamber 242 which   60   second position; power passage means (192) has
remained trapped is at least 4.13 MPa minus    disposed  in said  housing
for transmitting 0.55 MPa or a total of 3.58 MPa (600 psi minus 80
pressure from a well annulus external of said 



psi or a total of 520 psi) which will always remain  housing to a first
side of said power piston; a first trapped in the main spring chamber 242.
chamber (242) disposed in said housing, a second The releasable holding
means 198 is con-   65   side of said power piston being in fluid communi-
10    19               EP 0088550 B1                       20 cation with
said first chamber so that pressure       position, a sufficient force is
exerted on said from. said first chamber is transmitted to said       power
piston to move said power mandrel means second side of said power piston; a
second            back to its said first position. chamber (258) disposed
in said housing; a float-        4. Apparatus according to any of claims 1
to 3, ing piston means (282) disposed in said second    5    further
comprising: a flow impedance means chamber and dividing said second chamber
into a       (270), disposed in said pressurizing passage, for first zone
(314) and a second zone (316); an         impeding flow of liquid through
said pressurizing equalizing passage means (292), disposed in said
passage so that upon rapid pressurization of said housing for transmitting
said pressure from said      well annulus an annulus fluid pressure in said
well annulus external of said housing to said   10   annulus will increase
faster than said annulus second zone of said second chamber; a pressuriz-
fluid pressure can be transmitted through said ing passage (262)
communicating said first             pressurizing  passage to said first
chamber, chamber with said first zone of said second          thereby
creating a differential pressure across chamber; a first back pressure
check valve means      said power piston from said first side toward said
(268), disposed in said pressurizing passage, for   15   second side
thereof sufficient to move said power allowing fluid to flow from said
first zone of said   mandrel means from its said first position to its
second  chamber through  said  pressurizing           said second position
to thereby open said flow passage into said first chamber when a pressure
valve means. a pressure in said first chamber by a first pre-   20
further comprising: a flow  impedance means determined value, and for
preventing fluid from       (280), disposed in said depressurizing passage,
flowing from  said first chamber through said         for impeding flow of
liquid through said depre- pressurizing passage to said first zone of said
ssurizing passage so that when said power man- second chamber; a
depressurizing passage (272)        drel means is in it said second
position and said communicating said first chamber with said first   25
well annulus is rapidly depressurized, an annulus zone of said second
chamber; and a second back       fluid pressure in said annulus will
decrease faster pressure check valve means (278), disposed in        than
the pressure of the compressible liquid in said depressurizing passage, for
allowing fluid to    said first chamber will decrease, thereby creating
flow from said first chamber through said depre-       a pressure
differential across said power piston ssurizing passage into said first
zone of said   30   from  said second side toward said first side second
chamber when the pressure in said first        thereof greater than an
amount by which said chamber exceeds the pressure in said first zone of
second predetermined value exceeds said first said second chamber by a
second predetermined         predetermined value. value, said second
predetermined value being            6. Apparatus according to any of
claims 1 to 5, greater than said first predetermined value, and    35
wherein: said floating piston means (282) is for preventing fluid from
flowing from said first     arranged within said second chamber so that
said zone of said second chamber through said depre-       floating piston
means may move in either of two ssurizing passage into said first chamber;
charac-    opposite directions relative to said housing to terised in that
the flow passage extends axially of    either increase or decrease a volume
of said first the housing, the valve means is a ball valve    40   zone of
said second chamber to allow for both means disposed in the flow passage in
the hous-       expansion and contraction of said compressible ing, and
wherein said first chamber is divided into  liquid due to pressure and
temperature changes a first zone (320) and a second zone (322) by a
as said valve apparatus is lowered into a well. second floating piston
(318); said first zone of said  7. Apparatus according to any of claims 1
to 6, first chamber is filled with a compressible liquid;   45   further
comprising: releasable holding means said second zone of said first chamber
is corn-       (198), operably associated with said housing sand municated
with said pressurizing passage and          said power mandrel means, for
holding said said depressurizing  passage; and both said            power
mandrel means in its said first position second zone of said first chamber
and said first      until a pressure differential across said power zone of
said second chamber are filled with a    50    piston from said first side
toward said second side substantially noncompressible liquid.
thereof exceeds a third predetermined value, and 2. Apparatus according to
claim 1, wherein:        for holding said power mandrel means in its said
said first chamber when said power mandrel            second position until
a pressure differential means is in its first position is sufficiently
large  across said power piston from said second side that said
compressible liquid in said first zone    55   towards said first side
thereof exceeeds a fourth may be compressed into a final volume as said
predetermined value, said fourth predetermined power mandrel means moves
rapidly from its first      value being less than a difference between said
position to its second position.                      first predetermined
value and said second pre- 3. Apparatus according to claim 1 or 2, wherein:
determined value. said second predetermined value exceeds said   60
8. Apparatus according to claim 7, wherein: first predetermined value by an
amount sufficient     said releasable holding means includes a radially
that, when a pressure differential of said amount     resilient collet
sleeve (200) connected to said 



is applied across said power piston from said         housing and a
shoulder (216) extending radially second side toward said first side
thereof, when      outward from said power mandrel means, said said power
mandrel means is in its said second    65   sleeve and said shoulder each
having upper (218) 11    21              EP 0088550  B1
22 and lower (220) tapered surfaces arranged so that  ing said main piston,
and for transferring to said when said shoulder moves past said sleeve one
of   main piston a force resulting from a pressure said tapered surfaces of
said shoulder engages     differential between said well annulus and said
one of said tapered surfaces of said sleeve and    first chamber acting
across said additional dif- causes said sleeve to expand radially to allow
said    5    ferential area of said annular booster piston shoulder to pass
therethrough.                     means when a pressure of said well
annulus 9. Apparatus according to any preceding claim,    exceeds a
pressure in said first chamber and which contains a compressible liquid
which is      when said power mandrel means is in it said first silicone
oil.                                      position. 10. Apparatus according
to any preceding    10     17. A valve apparatus according to claim 1,
claim, wherein said flow passage is a central axial  comprising: an outer
housing (62) including: an flow passage; and said flow valve means is a
full   outer housing adapter (64); a valve housing sec- opening ball valve.
tion (66) connected to said upper housing 11. Apparatus according to any
preceding         adapter; an upper filler nipple (68) connected to claim,
wherein: said power mandrel means and    15   said valve housing section; a
power housing said flow valve means are so arranged and          section
(70) connected to said upper filler nipple; constructed that said flow
valve means is moved     a liquid spring chamber connector (72) connected
from its closed position to its open position in one  to said power housing
section; a liquid spring continuous movement simultaneous with move-
chamber housing section (74) connected to said ment of said power mandrel
means from its first   20   liquid spring chamber connector; a lower filer
position to its second position in one continuous  nipple (76) connected to
said liquid spring movement.
chamber housing section; a lower housing sec- 12. Apparatus according to
any preceding         tion (78) connected to said lower filler nipple; and
claim, wherein: said power piston (156A) of said    a lower housing adapter
(80) connected to said power mandrel means includes: a main piston    25
lower housing section; the valve means (136) (400) having a first
differential area; and a booster  being disposed in said valve housing
section and piston means (402), operably associated with said  movable
between open and closed positions; the main piston, for initially providing
an additional  power mandrel means (148) being disposed in differential
area to said first differential area of  said outer housing, the power
piston (156, 156A) said main piston, and for thereby providing an   30
being received within a cylindrical inner bore additional initial force for
moving said flow valve  (158) of said power housing section, a lower end
means from its closed position to a partially open  of said power mandrel
means being slidably and position.
sealingly  received within a central bore (186) of 13. Apparatus according
to claim 12, further      said liquid spring chamber connector; a power
comprising: limit means (416), operably asso-   35   port (192) disposed
through a wall of said power ciated with said booster piston means, for
limiting  housing section and arranged to be in fluid movement of said
booster piston means in said      communication with an upper side of said
power first direction when said flow valve has been      piston; a liquid
spring chamber mandrel means moved to said partially open position and for
(226) having an upper end (228) connected to said allowing said main piston
to continue moving in   40   liquid spring chamber connector and a lower
end said first direction.                              (236) received in a
bore (238) of said lower filler 14. Apparatus according to claim 13,
further      nipple, said liquid spring chamber mandrel comprising: second
limit piston means (418),       means being spaced radially inward from
said operably associated with said booster piston       liquid spring
chamber housing section so as to means, for limiting movement of said
booster   45   define said first chamber (242) which is in fluid piston
means in a second direction opposite said   communication with a lower side
(244) of said first direction, when said booster piston means    power
piston; a lower mandrel (250) having an returns to an initial position
thereof.            upper end'connected to said lower filler nipple 15.
Apparatus according to claim 13 or 14,        and a lower end sealingly
received in a bore (254) wherein: said limit means (416) is a stop lug   so
of said lower housing adapter, said lower man- extending radially inward
from said housing for    drel being spaced radially inward from said lower
engaging said booster piston means and prevent-    housing section to
define the second chamber ing further movement thereof in said first direc-
(258); a metering cartridge (260) disposed tion.
between said lower housing section and said 16. Apparatus according to
claim 12, 13, 14 or   55   lower mandrel at an upper end of said second 15,
wherein: said booster piston means is an       chamber; the pressurizing
passage (262), being annular booster piston means disposed concen-
disposed through said lower filler nipple and said trically about said main
piston; said power piston  metering cartridge, for communicating said first
includes a first annular resilient sliding seal    chamber with said second
chamber; the first back means (408) between said main piston and said   60
pressure check valve means (268) being disposed booster piston means, :and
a second annular         in said pressurizing passage within said metering 



4    resilient sliding seal means (410) between said    cartridge, for
allowing liquid to flow from said booster piston means and an internal bore
of said  second chamber to said first chamber; a first time housing; and
said annular booster piston means     delay liquid flow restriction (270)
disposed in said includes an engagement means (412) for engag-   65
pressurizing passage within said metering car- 12    23              EP
Q088 550 B1                     24 tridge; the depressurizing passage (272)
being     zweite Lage bewegt werden; in dem besagten disposed through said
lower filler nipple and said  Gehause angeordnete Antriebskanalmittel (192)
metering cartridge for communicating said first    zur Ubertragung von
Druck aus einem auBerhalb chamber with said second chamber; the second
des besagten Gehauses liegendem Bohrlochring- depressurizing back pressure
check valve (278)    5    raum zu einer ersten Seite des besagten Antribe-
being disposed in said depressurizing passage      skolben; eine in dem
besagten Gehause ange^ means within said metering cartridge, for allow-
ordnete erste Kammer (242), wobei esine zweite ing liquid to flow from said
first chamber to said  Seite des besagten Abtriebskolbens mit der second
chamber; a second time delay liquid flow    besagten ersten Kammer in
Druckmittelverbin- restrictiQn (280) disposed in said depressurizing    10
dung steht, so dal Druck aus der besagten ersten passage means within said
metering cartridge; an   Kammer zu der besagten zweiten Seits des.
equalizing port (292) disposed through a wall of   besagten Antriebskolben
ubertragen wird; sine in said lower housing section; said first floating
dem besagten Gehause angeordnete zweite Kam- piston means (282) being
disposed in said second   mer (258); in der besagten zweiten Kammer chamber
above said equalizing port.          15   angeordnete schwimmende
Kolbenmittel (282), 18. A method of flow testing a well, said        welche
die besagte zweite Kammer in eine erste method comprising the steps of:
lowering into      Zone(314)undeinezweiteZone(316)unterteilen; said well a
flow tester valve comprising a valve   in dem  besagten Gehause angeordnete
Aus- apparatus as claimed in claim 1, wherein said      gleichskanalmittel
(292) zur Ubertragung des compressible liquid is at substantially atmos-
20   besagten Drucks aus dem besagten Bohrlochring- r
pheric pressure as said lowering is begun; trans-  raum auBerhalb des
besagten Gehauses zu der mitting annulus fluid pressure from an annulus of
besagten zweiten Zone der besagten zweiten said well to said compressible
liquid as said flow  Kammer; ein  Druckubertragungskanal (262), d
tester valve is lowered into said well; locating    welcher eine Verbindung
zwischen der besagten said flow tester valve with said well at a final   25
ersten Kammer mit der besagten ersten Zone der depth; pressurizing said
annulus an additional     besagten zweiten Kammer herstellt; erste in dem d
amount, above a hydrostatic pressure therein,       besagten
Druckubertragungskanal angeordnete e                 sufficient to open
said flow tester valve; transmit-  Ruckschlagventilmittel (268), welche
ermogli- n                 ting at least a portion of said additional
amount of  chen, daB die Flussigkeit aus der besagten ersten M)
annulus pressure to said compressible liquid;   30   Zone der besagten
zweiten Kammer durch den -e                 depressurizing said annulus to
a final annulus     besagten Druckubertragungskanal in die besagte id
pressure; as said annulus is depressurized, trap-   erste Kammer flieBt,
wenn ein Druck in der ping a portion of the pressure in said compress-
besagten ersten Zone der besagten zweiten Kam- Of                ible
liquid in excess of said final annulus pressure  mer einen Druck in der
besagten ersten Kammer sr                 sufficient to close said flow
tester valve, so that a   35   uber einen ersten vorbestimmten Wert Ober-
edr               trapped amount of liquid pressure energy trapped
steigt, und welche verhindern, daB FlOssigkeit aus id                in
said compressible liquid in excess of an         der besagten ersten Kammer
durch den besagten er                 amount of liquid pressure energy
within said       Druckubertragungskanal in die besagte erste iid
compressible liquid when said liquid spring        Zone der besagten
zweiten Kammer flieBt; einen means was at substantially atmospheric
pressure   40   Druckabbaukanal (272), der sine Verbindung id
is entirely obtained from transmittal of liquid    zwischen der besagten
ersten Kammer und der .er                pressure energy from said well
annulus to said     besagten ersten Zone der besagten zweiten Kam- rel
compressible liquid; and closing said flow tester   mer herstellt; zweite
in dem besagten Druckab- tid                valve, upon depressurizing of
said annulus, by      baukanal angeordnete  Ruckschlagventilmittel use of
said trapped liquid pressure energy.  45   (278), welche ermoglichen, dal
FlOssigkeit der besagten ersten Kammer durch den besagten 3ik$.
Patentanspruche                                     Druckabbaukanal in die
besagte erste Zone der an
besagten'zweiten kammer flieBt, wenn der Druck pie                  1.
Ventilgerat enthaltend: ein  langliches       in der besagten ersten Kammer
den Druck in der 34)                 Gehause. (62) mit einem  darin
angeordnetem    50   besagten ersten Zone der besagten zweiten Kam- an-
axialen Stromungskanal (140); in besagtem          mer um einen zweiten
vorbestimmten Wert Ober- ver                 Gehause  angeordnete
Stromungsventilmittel        steigt, wobei der besagte zweite vorbestimmte
oer                (136), welche zwischen einer geschlossenen Lage,    Wert
groBe ist als der besagte erste vorbestimmte aid                in welcher
besagter Stromungskanal geschlossen      Wert, und welche verhindern, daB
FlOssigkeit aus aid                ist, und einer offenen Lage, in welcher
besagter   S5   der besagten ersten Zone der besagten zweiten ind
Stromungskanal geoffnet ist, beweglich sind;       Kammer durch den
besagten Druckabbaukanal in ing                 Antriebsinnenteilmittel
enthaltend    einen      die besagte erste Kammer flieBt; dadurch .aid
Antriebskolben  (156, 156A), wobei besagte         gekennzeichnet, daB der
Stromungskanal sich irst                Antriebsinnenteilmittel mit
besagten Stromungs-    axial zum Gehause erstreckt, die Ventilmittel in ack
ventilmitteln  in Wirkverbindung stehen, um    60   dem  Str6mungskanal in
dem  Gehause ange- 



sed                 besagte  Stromungsventilmittel  aus  ihrer
ordnete Kugelventilmittel sind, und bei welchem -ing
geschlossenen Lage in ihre offenen Lage zu         die besagte erste Kammer
in einer erste Zone maid                bewegen, wenn besagte
Antriebsinnenteilmittel      (320) und sine zweite Zone (322) durch einen
imed                in einer ersten Richtung langs innerhlalb des
zweiten schwimmenden Kolben (318) unterteilt 3aid                besagten
Gehauses aus einer ersten Lage in sine   65   ist; die besagte erste Zone
der besagten ersten car- 13    25              EP 0088550  B1
26 Kammer mit einer kompressiblen Flussigkeit         erzeugt wird, die
groger ist als der Betrag, um gefOllt ist, die besagte zweite Zone der
besagten  welchen der besagte zweite vorbestimmte Wert ersten Kammer mit
dem besagten Druckubertra-       den ersten vorbestimmten Wert ubersteigt.
gungskanal und dem besagtem Druckabbaukanal          6. Gerat nach einem
der Anspruche 1 bis 5, bei in Verbindung steht; und sowohl die besagte    5
welchem die besagten schwimmenden Kolben- zweite Zone der besagten ersten
kammer und die     mittel (282) innerhalb der besagten zweiten Kam- besagte
erste Zone der besagten zweiten Kammer     mer angeordnet sind, so daB die
besagten mit einer im wesentlichen inkompressiblen FlOs-    schwimmenden
Kolbenmittel sich in eine von sigkeit gefullt sind.
zwei gegenuberliegenden Richtungen relativ zu 2. Gerat nach Anspruch 1, bei
welchem die   10   dem besagten Gehause bewegen konnen, so daft besagte
erste Kammer, wenn die besagten ersten     ein Volumen der besagten ersten
Zone der besag- Antriebsinnenteilmittel sich in ihrer ersten Lage  ten
zweiten  Kammer entweder steigt oder befinden, groB genug ist, daB die
besagte kom-     abnimmt, so dal sowohl Ausdehnung als auch pressible
Flussigkeit in der besagten ersten Zone  Kontraktion der besagten
kompressiblen Flussig- zu einem  endgiltigen Volumen komprimiert   15
keit aufgrund der Druck- und Temperaturverande- werden kann, wenn die
besagten Antriebsinnent-     rungen ermoglicht werden, wenn des besagte
eilmittel sich schnell aus ihrer ersten Lage in ihre  Ventilgerat in das
Bohrloch hinabgelassen wird. zweite Lage bewegen.       .
7. Gerat nach einem der Anspruche 1 bis 6, 3. Gerat nach Anspruch 1 oder 2,
bei welchem     weiterhin enthaltend: losbare Haltemittel (198) in der
besagte zweite vorbestimmte Wert den   20   Wirkverbindung mit dem besagten
Gehause un besagten ersten vorbestimmten Wert um einen        den besagten
Antriebsinnenteilmitteln zum Hal- Betrag Obersteigt, der groB genug ist,
daB, wenn   ten der besagten Antriebsinnenteilmittel in ihrer eine
Druckdifferenz uber den besagten Betrag       besagten ersten Lage bis eine
Druckdifferenz an uber den besagten Antriebskolben von der besag-    dem
besagten Antriebskolben von dessen besag- ten ersten Seite zu dessen
besagter zweiten Seite   25   ten ersten Seite zu dessen besagten zweiten
Seite gegeben wird, wenn die besagten Antriebsinnent-    einen
vorbestimmten dritten Wert ubersteigt, und eilmittel sich in ihrer besagten
zweiten Lage      zum Halten der besagten Antriebsinnenteilmittel befinden,
eine ausreichende Kraft auf den besag-  in ihrer besagten zweiten Lage bis
eine Druckdif- ten Abtriebskolben ausgeubt wird, so daB die      ferenz an
dem besagten Antriebskolben von des- besagten Abtriebsinnenteilmittel sich
zuruck in   30   sen besagter zweiter Seite zu dessen besagten ihre besagte
erste Lage bewegen.                   ersten Seite einen vorbestimmten
vierten Wert 4. Gerat nach einem der Anspruche 1 bis 3,       ubersteigt,
wobei der besagte vierte vorbe- weiterhin enthaltend: in dem besagten
Druck-       stimmte Wert geringer ist als eine Differenz ubertragungskanal
angeordnete Stromungswi-         zwischen dem  besagten ersten vorbestimmte
derstandsmittel (270) zum Behindern der FlOssig-   35   Wert und dem
besagten zweiten vorbestimmten keitsstromung durch den besagten
Druckubertra-     Wert. gungskanal, so daB bei schneller Druckubertra-
8. Gerat nach Anspruch 7, bei welchem die gung in dem  besagten
Bohrlochringraum  ein        besagten losbaren Haltemittel eine mit dem
Ringraumdruckmitteldruck in dem besagten Ring-     besagten Gehause
verbundene, radial elastische raum schneller ansteigt als der besagte Ring-
40   Manteilhulse (200) und eine Schulter (216) raumdruckmitteldruck durch
den besagten Druck-     enthalten, welche sich von den besagten Antrieb-
ubertragungskanal zu der besagten ersten Kam-      sinnenteilmittein radial
nach augen erstrecken, mer Obertragen werden kann, wodurch ein Diffe-
wobei die besagte HOlse und die besagte Schulter renzdruck an dem besagten
Antriebskolben von       jeweils eine obere (218) und eine untere (220) der
besagten ersten Seite zu der besagten zweiten   45   kegelformige Flache
aufweisen, die so ange- Seite ubertragen wird, der ausreicht, um die
ordnet sind, daB, wenn sich die besagte Schulter besagten
Antriebsinnenteilmittel aus ihrer besag-  hinter die besagte Hulse bewegt,
eine der besag- ten ersten Lage in ihre besagte zweiten Lage zu   ten
kegelfbrmigen FlIchen der besagten Schulter bewegen, so daB  dadurch die
Flussigikeitsventil-  an einer der besagten kegelformigen Flachen der
mittel geoffnet werden.                      50   besagten Hulse anliegt
und bewirkt, dalB die 5. Gernt nach einem der Anspruche 1 bis 4,
besagte Hulse sich radial ausdehnt, so daB ein weiterhin enthaltend: in dem
besagten Druckab-     Durchtritt der besagten Schulter dort hindurch
baukanal angeordnete Flussigkeitswiderstands-      ermoglicht wird. mittel
(280) zum Behindern von Flussigkeitsstro-    9. Gerat nach einem der
vorstehenden Anspru- mung durch den besagten Druckabbaukanal, so   55
che, welches eine komprimierbare FlOssigkeit ent- daB, wenn die besagten
Abtriebsinnenteilmittel     halt, die Siliziumol ist. sich in ihrer
besagten zweiten Lage befinden und     10. Gerat nach einem  der
vorstehenden der Druck in dem besagten Bohrlochringraum         Anspruche,
bei welchem der besagte Flussigkeits- 



schnell abgebaut wird, ein Ringraumdruckmittel-    kanal ein zentraler
axialer Fluissigkeitskanal ist; druck in dem  besagten Ringraum  schneller
60   und die besagten Flussigkeitsventilmittel ein voll- abnimmt als der
Druck der besagten kompressi-      standig offnendes Kugelventil sind. blen
Flussigkeit in der besagten ersten Kammer      11. Gerat nach einem  der
vorstehenden abnimmt, wodurch eine Druckdifferenz an dem        Anspruche,
bei welchem die besagten Antrieb- besagten Antriebskolben von dessen
besagipr        sinnenteilmittel und die besagten Flussigkeits- zweiten
Seite zu dessen besagter ersten Seite   65   ventilmittel so angeordnet und
aufgebaut sind, 14    27              EP 0,088550 B1                     28
43aB die besagten FlOssigkeitsventilmittel in einer  Kammer ubersteigt und
wenn die besagten durchgehenden Bewegung gleichzeitig mit der
Antriebsinnenteilmittel sich in ihrer besagten Bewegung der besagten
Antriebsinnenteilmittel      ersten Lage befinden. aus ihrer ersten Lags in
ihre zweite Lage in einer    17. Ventilgerat nach Anspruch 1, enthaltendj
durchgehenden Bewegung aus ihrer geschlosse-    5    ein AuBengehause (62)
mit: einem  auBeren nen Lags in ihre geoffnete Lags bewegt werden.
Gehausezwischenstuck  (64); einen  mit dem 12. Gerat nach  einem  der
vorstehenden           besagten oberen Gehausezwischenstuck verbun-
Anspruche, bei welchem der besagte Antriebskol-     denen
Ventilgehauseabschnitt (66); ein mit dem ben (156A) der-besagten
Antriebsinnenteilmittel     besagten Ventilgehauseabschnitt verbundener
enthalt; einen Hauptkolben (400) mit einem    w0   oberer Einfullstutzen
(68); einen mit dem besag- ersten Differenzbereich; Hilfskolbenmittel (402)
in  ten oberen Einfullstutzen verbundenen Antriebs- Wirkverbindung mit dem
besagten Hauptkolben,        gehauseabschnitt (70); ein mit dem  besagten
so daf& sie zunachst sine zusatzliche Differenzfla-
Antriebsgehauseabschnitt verbundenes Flussig- che zu der besagten ersten
Differenzflache des      keitsfederkammer-Verbindungsstuck (72); einen
besagten Hauptkolbens schaffen und dadurch    15   mit dem besagten
Flussigkeitsfederkammer-Ver- sine zusatzliche Anfangskraft zur Bewegung der
bindungsstuck verbundenen Gehauseabschnitt besagten
Flussigkeitsventilmittel  aus  ihrer      mit der Flussigkeitsfederkammer
(74); einen mit geschlossenen Lage in eirie teilweise geoffnete     dem
besagten Gehauseabschnitt mit der Flussig- Lage hervorrufen.
keitsfederkammer verbundenen unteren EinfliI- 13. Gerat nach  Anspruch  12,
weiterhin   20   stutzen (76); einen mit dem besagten unteren enthaltend
Begrenzungsmittel (416) in Wirkver-      EinfOllstutzen verbundenen unteren
Gehauseab- bindung mit den besagten Hilfskolbenmitteln zur     schnitt
(78); und ein mit dem besagten unteren Begrenzung der Bewegung der besagten
Hilfskol-      Gehauseabschnitt verbundenes unteres Gehau- benmittel in der
besagten ersten Richtung, wenn     sezwischenstuck (80); wobei die
Ventilmittel (136) das besagte Flussigkeitsventil in die besagte teil-   25
in dem besagten Ventilgehauseabschnitt ange- weise geoffnete Lags bewegt
worden ist, und zur     ordnet sind und zwischen einer offenen und einer
Ermoglichung einer Bewegung des besagten            geschlossenen Lags
bewegbar sind; die Antrieb- Hauptkolbens weiter in der besagten ersten
Rich-    sinnenteilmittel in dem besagten AuBengehause tung.
angeordnet sind; der Antriebskolben (156, 156A) 14. Gerat nach  Anspruch
13, weiterhin   30   innerhalb einer zylindrischen lnnenbohrung (158)
enthaltend: zweite Betrenzungsmittel (418) in       des besagten
Antriebsgehauseabschnitts aufge- Wirkverbindung mit den besagten
Hilfskolbenmit-     nommen ist, sin unteres Ends der besagten teln zur
Begrenzung der Bewegung der besagten       Antriebsinnenteilmittel gleitbar
und abdichtend in Hilfskolbenmittel in sine zweite, der'ersten Rich-  einer
zentralen Bohrung (186) des besagten Flus- tung entgegengesetzte Richtung,
wenn die besag-   35   sigkeitsfederkammer-Verbindungsstucks  aufge- ten
Hilfskolbenmittel in ihre Ausgangsposition      nommen ist; einen
AntriebsanschluB (192), der in zuruckkehren.
einer Wand des besagten Antriebsgehauseab- 15. Gerat nach Anspruch 13 oder
14, bei           schnitts angeordnet ist und mit einer Oberseite welchem
die besagten Begrenzungsmittel (416)         des besagten Antriebskolbens
in Verbindung ste- sine sich radial von dem besagten Gehause nach   40
hen kann; Innenteilmittel mit der Flussigkeitsfe- innen erstreckende
Sperrnase ist zur Analge an       derkammer (226) mit einem oberen, mit dem
die besagen Hilfskolbenmittel und zur Verhinde-     besagten
Flussigkeitsfederkammer-Verbindungs- rung weiterer Bewegung
dieser'Kolbenmittel in        stuck verbundenen Ends (228) und einem unte-
die besagte erste Richtung.                        rem in einer Bohrung
(238) des besagten unteren 16. Gerat nach Anspruch 12, 13, 14 oder 15, bei
45   Einfullstutzens aufgenommenem  Ends (236), welchem: die besagten
Hilfskolbenmittel ringfor-    wobei die besagten Innenteilmittel mit der
Flus- mige Hilfskolbenmittel sind, die konzentrisch um
sigkeitsfederkammer im Abstand radial einwirts den besagten Hauptkolben
angeordnet sind; der       von dern besagten Gehauseabschnitt mit der
besagte Antriebskolben erste ringformige elas-      Flussigkeitsfederkammer
angeordnet sind, so tische Gleitdichtmittel (408) zwischen dem besag-   50
daB sie die besagte erste Kammer (242) begren- ten Hauptkolben und den
besagten Hilfskolben-       zen, die in Druckmittelverbindung mit einer
unte- mitteln und zweite ringformige elastische Gleit-    ren Seite (244)
des besagten Antriebskolbens dichtmittel (410) zwischen den besagten
Hilfskol-  steht; ein unteres Innenteil (250) mit einem mit benmittel un
einer Innenbohrung des besagten        dem unteren Einfullstutzen
verbundenen oberen Gehauses enthalt; und die besagten ringformigen    55
Ends und einem abdichtend in einer Bohrung Hilfskolbenmittel Anlagemittel
(412) enthalten zur  (254) des besagten unteren Gehausezwischen- Anlage an
dem besagten Hauptkolben und zum          stocks aufgenommenem  unteren
Ends, wobei 



Ubertragen  einer aus  einer Druckdifferenz         das besagte untere
Innenteil im Abstand radiaL zwischen dam  besagten Bohrlochringaum  und
einwarts von dem besagten unterem Gehauseab- der besagten ersten Kammer
resultierenden Kraft   60   schnitt angeordnet ist, so daB es die zweite
auf den besagten Hauptkolben, wobei diese           Kammer (258) begrenzt;
sine Dosierpatrone (260), Druckdifferenz auf die besagte zursitzliche
Diffe-  welche zwischen dem besagten unterem Gehau- renzflache der besagten
ringformigen Hilfskol-     seabschnitt und dem besagten unterem Innenteil
benmittel wirkt, wenn ein Druck des btsagten        an einem  oberen Ends
der besagten zweiten Bohrlochringraums einen Druck in der besagten    65
Kammer angeordnet ist; wobei der Druckubertra- 15 li 111111 11111
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gungskanal (262) in dem besagten unteren Ein-      Flussigkeit
eingeschlossen ist Ober einen Betrag fullstutzen und der besagten
Dosierpatrone ange-   an Flussigkeitsdruckenergie innerhalb der besag-
ordnet ist, so dag er eine Verbindung zwischen     ten kompressiblen
Flussigkeit hinaus, wenn die der besagten ersten Kammer und der besagten
besagten Flussigkeitsfedermittel im wesentlichen zweiten Kammer herstellt;
die ersten Ruckschlag-    5    auf Atomospharendruck waren, ganz aus der
ventilmittel (268) in dem besagten Druckubertra-   Ubertragung von
Flussigkeitsdruckenergie aus gungskanal innerhalb der besagten Dosierpa-
dem besagten Bohrlochringraum zu der besagten trone angeordnet sind, so daB
er Flussigkeits-     komprimierbaren Flussigkeit gewonnen wird; strom aus
der besagten zweiten Kammer zu der       und SchlieBen des besagten
Stromungsprufungs- besagten ersten Kammer ermoglicht; sine erste   to
ventils bei Druckabbau im besagten Ringraum, FlOssigkeitsstromungsdrossel
zur Zeitverzoge-      unter Verwendung der besagten eingeschlosse- rung
(270), welche in dem besagten Druckubertra-   nen Flussigkeitsdruckenergie.
gungskanal innerhalb der besagten Dosierpa- trone angeordnet ist; wobei der
Druckabbaukanal    Revendications (272) in dem besagten.unteren
Einfullstutzen und   t5 der besagten Dosierpatrone angeordnet ist, so
1. Soupape comprenant: un enveloppe de dao  er eine Verbindung zwischen der
besagten      grande longueur (62) dans laquelle est menage ersten Kammer
und der besagter zweiten Kam-        un passage axial d'ecoulement (140);
un obtura- mer herstellt; das zweite druckabbauende Hinter-  tour
d'ecoulement (136) dispos6 dans cette enve- druck-Ruckschlagventil (278) in
den besagten   20   loppe et mobile entre une position ferm6e, dans
Druckabbaukanalmitteln innerhalb der besagten      laquelle le passage
d'6coulement est ferm6, et Dosierpatrone angeordnet ist, so daB er FlOssig-
une position ouverte, dans laquelle ce passage keitsstrom aus der besagten
ersten Kammer in       d'6coulement est ouvert; un mandrin de corn- die
besagte zweite Kammer ermoglicht; eine         mande (148) dispos6 dans
l'enveloppe, ce man- zweite Flussigkeitsstromungsdrossel zur Zeitver-   25
drin de commande comprenant un piston de zogerung (280), welche in den
besagten Druckab-    commande (156, 156A), ce mime mandrin de
baukanalmitteln innerhalb der besagten Dosier-     commande 6tant associe
fonctionnellement a patrons angeordnet ist; ein Ausgleichsanschlug
l'obturateur d'ecoulement en vue de deplacer cet (292), welcher in einer
Wand des besagten unte-    obturateur d'ecoulement de sa position fermee a
ren Gehauseabschnitts angeordnet ist; wobei die   30   sa position ouverte
lors d'un deplacement du besagten ersten schwimmenden Kolbenmittel
mandrin de commande, d'une premiere position (282) in der besagten zweiten
Kammer oberhalb      a une seconde position, dans un premier sens des
besagten AusgleichsanschluBes angeordnet       suivant la direction
longitudinale; un passage de sind.
commando (192) m6nag6 dans l'enveloppe de 18. Verfahren zur
StromungsprOfung sines   35   fagon a transmettre une pression provenant
d'un Bohrlochs, wobei das besagte Verfahren folgende    annulus de puits,
situe a l'exterieure de l'enve- Schritte aufweist: Hinablassen sines
Stromungs-   loppe, sur une premiere face du piston de corn-
prufungsventils in ein Bohrloch, bei welchem das   mande; une premiere
chambre (242) m6nagde Stromungsprufungventil ein Ventilgerat nach
dans l'enveloppe, une seconds face du piston de Anspruch 1 aufweist, in
welchem die besagte   40   commands etant en liaison de communication de
kompressible Flussigkeit auf im wesentlichen       fluids avec la premiere
chambre de fagon qu'une Atmospharendruck ist, als mit dem  bssagten
pression provenant de cette premiere chambre Hinablassen begonnen wurde;
Ubertragen des         soit transmise sur la seconds face du piston de
Ringraumflussigkeitsdrucks aus einem Ringraum      commands; une seconde
chambre (258) mena- des besagten Bohrlochs auf die besagte kompres-   45
gee dans l'enveloppe; un piston flottant (282) sible FlOssigkeit, wenn das
besagte Stromungs-     dispose dans la seconds chambre et divisant cette
prufungsventil in das besagte Bohrloch hinabge-    seconde chambre en une
premibre zone (314) et lassen wird; Ablegen des besagten Str6mungs-
une seconds zone (316); un passage d'egalisation prufungsventils mit dem
besagten Bohrloch in      (292) menage dans l'enveloppe de fagon a trans-
einer endgultigen Tiefe; Erzeugen sines zusAtzli-  50   mettre ladite
pression de l'annulus de puits, situ6 chen Druckbetrages in dem Ringraum
uber einen      A I'exterieur de l'enveloppe, a la seconds zone de
hydrostatischen Druck darin, der ausreicht, um    la seconds chambre; un
passage de miss sous das besagte Stromungsprufungsventil zu offnen;
pression (262) faisant communiquer la premiere Ubertragen von zumindest
einem Toil des zusatz-    chambre avec la premiere zone de la seconds :
lichen Betrags an Ringraumdruck auf die kom-   55   chambre, un premier
clapet antiretour (268) dis- 



pressible Flussigkeit; Abbauen von Druck in dem    pose dans ce passage de
miss sous pression et besagten Ringraum bis auf einen endgultigen
destine, d'une part, A permettre A du fluids de Ringraumdruck; wenn in dem
besagten Ring-          s'ecouler de la premiere zone de la seconds raum
Druck abgebaut worden ist, EinschlieBen       chambre jusque dans la
preriiere chambre en eines Teils des Drucks in der kompressiblen Flus-   60
passant par ce passage de miss sous pression sigkeit uber den besagten
endgultigen Ringraum-    lorsque la pression regnant dans cette premiere t*
Idruck hinaus, der ausreicht, um das besagte             zone de la seconde
chambre excede, d'une pre- StromungsprOfungsventil zu schlielen, so das
mikre valeur fix6e a l'avance, la pression regnant ein eingeschlossener
Betrag an Flussigkeitsdrihk-  dans la premiere chambre, et, d'autre part, a
energie, welcher in der besagten kompressiblen   65   empecher le fluids de
s'6couler de la premiere 16    31              EP 0 088 550 B1
32 chambre vers la premiere zone de la seconde         l'annulus du puits,
une pression de fluide d'annu- chambre en passant par le passage de mise
sous      lus regnant dans cet annulus croisse plus rapide- pression; un
passage de delestage de pression       ment que cette pression de fluide
d'annulus ne (272) faisant communiquer la premiere chambre       peut etre
transmise a la premiere chambre en avec la premiere zone de la seconde
chambre; et    5    passant par le passage de mise sous pression, ce un
second clapet antiretour (278) dispose dans ce   qui cree ainsi, entre les
deux faces du piston de passage de delestage de pression et destine,
commande, de la premiere face de celui-ci vers sa d'une part, a permettre a
du fluide de s'6couler de  seconde face, une difference de pression suffi-
Ia premiere chambre jusque dans la premibre         sante pour deplacer le
mandrin de puissance de .       zone de la seconde chambre en passant par
ce   10   sa premiere position jusqu'a sa seconde position, passage de
delestage de pression lorsque la         ce qui fait ainsi s'ouvrir
lt'obturateur d'ecoule- pression regnant dans cette premiere chambre
merit. excede, d'une seconde valeur fixee a I'avance, la    5. Soupape
suivant I'une quelconque des pression regnant dans la premiere zone de la
revendications 1 A 4, comprenant en outre un seconde chambre, la seconds
valeur fixee A    15   second moyen d'entravement, ou d'6trangle- l'avance
6tant superieure A la premiere valeur       ment, d'ecoulement (280)
dispose dans le pas- fixee a l'avance, et d'autre part, a empecher le
sage de delestage de pression et servant A entra- fluide de s'6couler de
la. premiere zone de la      ver, ou etrangler, I'ecoulement du liquide a
tra- seconde chambre jusque dans la premiere chain-      vers ce passage de
d6lestage de pression, de bre en passant par le passage de delestage do
20   facon telle que, lorsque le mandrin de commande pression, caract6risee
en ce que le passage         est dans sa seconde position et lorsque la
pres- d'ecoulement s'6tend axialement dans l'enve-        sion est
rapidement delest6e dans l'annulus du loppe, en ce que l'obturateur est un
obturateur     puits, une pression de fluide d'annulus reghant spherique
dispose dans ce passage d'ecoulement      dans cot annulus d6croisse plus
rapidement que de 1'enveloppe, en ce quo la premiere chambre   25   ne
decroit la pression du liquido compressible est divisee en une premiere
zone (320) et une       dans la premiere chambre, ce quo cr6e ainsi,
seconde zone (322) par un second piston flottant    ontre les deux faces du
piston de commando, de (318), la premiere zone de la premiere chambre
la seconde face de celui-ci vers sa premiere face, 6tant remplie d'un
liquids compressible, la         une difference de pression sup6rieure A la
valeur seconde zone de la premiere chambre communi-   30   dont la seconde
valour fix6e a I'avance excede la quant avec le passage de mise sous
pression et le   premiere valour fixee a l'avance. passage de dWlastage de
pression, et cette            6. Soupape suivant l'une quelconque des
seconde zone de la premiere chambre et la          revendications 1 a 5,
dans laquelle le piston premiere zone de celle-ci etant toutes deux rem-
flottant (282) est dispose dans la seconde cham- plies d'un liquide
sensiblement non compressi-   35   bre de facon A pouvoir se d6placer dans
l'un ou ble.                                                I'autre des
deux sons oppos6s par rapport a 2. Soupape suivant la revendication 1, dans
l'enveloppe, de fagon soit a augmenter, soit A laquelle, lorsque le mandrin
de commando est         r6duire, le volume de la premiere zone de la dans
sa premiere position, la premiere chambre      secondo chambre en vue de
permettre soit une est suffisamment grande pour quo le liquide   40
dilatation, soit une contraction du liquide corn- compressible pr6sent dans
la premiere zone          pressible qui seraient dues a des variations de
puisse Atre comprime, en donnant un certain         pression et de
temperature lorsqu'on fait descen- volume final, lorsque ce mandrin de
puissance se    dre la soupape dans un puits. d6place rapidement de sa
premiere position A sa       7. Soupape suivant l'une quelconque des
seconde position.                              45   revendications 1 A 6,
comprenant en outre des 3. Soupape suivant l'une des revendications 1
moyens de support liberable (198) associ6s fonc- ou 2, dans laquelle la
seconde valeur fixee a      tionnellement a lVenveloppe et au mandrin de
l'avance excede la premiere valour fixee a          comman'de et servant a
retenir ce mandrin de I'avance d'une valour suffisante pour que, lors-
commando dans sa premiere position jusqu'a coe qu'une diff6rence de
pression ayant cette valeur   50   qu'une diff6rence de pression entre les
deux faces est appliquee entre les deux faces du piston de     du piston de
commando, de sa premiAre face vers commando, de la seconde face de celui-ci
vers sa    sa seconde face, excede une troisieme valour premiere face,
lorsque le mandrin de commando       fix6e a I'avance, et A retenir ce
mandrin de est dans sa seconde position, il s'exerce sur ce    commando
dans sa seconde position jusqu'A ce 



piston de commando une force suffisante pour   55   qu'une difference de
pression entr leso deux faces ramener le mandrin de commando A sa premiere
du piston de commando, de sa seconde face vers position.
sa prernibre face, excede une quatrieme valeur 4. Soupape suivant l'une
quelconque des           fixee a l'avance, laquelle quatrieme valeur fix6e
a revendications 1 A 3, comprenant en outre un        l'avance est
inferieure 'a la diff6rence entre la moyen  d'entravement,  ou
d'etranglement,   60   premibre valour fix6e a I'avance et la seconds
d'6coulement (270) dispose dans le passage de       valour fixee a
l'avance. miss sous pression et servant A entraver, ou          8. Soupape
suivant ia revendication 7, dans etrangler, I'ecoulement de liquids a
travers ce     laquelle les moyens de support liberable corn- passage de
mise sous pression, de fcon telle        prennent un manchondouille (200)
radialement quo, lors d'une miss sous pression rapide de    ^5   6lastique,
relie a l'enveloppe, et un 6paulement 17    33              EP ,0088 550 BI
34 (216) s'etendant radialement vers l'ext6rieur a      16. Soupape suivant
l'une quelconque des partir du mandrin de commande, ce manchon et
revendications 12 a 15, dans laquelle le piston cat epaulement comportant
chacun des surfaces      d'amplification est un piston d'amplification *
coniques superieure (218) et inf6rieure (220) dis-  annulaire dispos6 d'une
maniere concentrique *    posees de fagon que, lorsque l'6paulement se    5
autour du piston principal, le piston de com- dbplace en passant devant le
manchon, I'une des    mande comportant un premier joint glissant surfaces
coniques de l'6paulement vient au         d'etanch6ite (408), annulaire et
6lastique, entre le contact de l'une des surfaces coniques du man-
piston principal et Is piston d'amplification et un chon et fait se dilater
radialement ce dernier de  second joint glissant d'etancheite (410),
annulaire facon a permettre A I'epaulement de passer a    10   et
6lastique, entre le piston d'amplification et un travers lui.
al6sage int6rieur de l'enveloppe, et le piston 9. Soupape suivant l'une
quelconque des          d'amplification annulaire comporte un moyen de
revendications pr6c6dentes, contenant un liquide   venue en contact (412)
destin6 A venir au contact compressible qui est une huile de silicones.
du piston principal et a transferer a ce piston 10. Soupape suivant l'une
quelconque des   i5   principal une force resultant de la difference de
revendications pr6c6dentes, dans laquelle. ie pas-  pression existant entre
l'annulus du puits et la sage d'6coulement est un passage axial central
premiere chambre et agissant sur la section diff6- d'6coulement et
l'obturateur d'6coulement est un   rentielle supplementaire du piston
d'amplification obturateur spherique A passage total.
annulaire lorsque la pression de l'annulus du 11. Soupape suivant l'une
quelconque des   20   puits excede la pression regnant dans la premiere
revendications pr6cedentes, dans laquelle le       chambre et lorsque le
mandrin de commande est mandrin de commande et l'obturateur d'dcoule-
dens sa premiere position. ment sont disposes et agenc6s de facon qua
17. Soupape suivant la revendication 1, com- l'obturateur d'ecoulement soit
deplac6 de sa posi-  prenant: une enveloppe ext6rieure (62) compor- tion
ferm6e jusqu'A sa position ouverte, suivant   25   tant: un adaptateur
d'enveloppe ext6rieur (64); un mouvement continu unique qui est si multan6
une section d'enveloppe de soupape (66) reliee a au d6placement qua le
mandrin de commande          cet adaptateur superieur d'enveloppe; un
raccord execute, d'un mouvement unique continu, de sa      superieur de
remplissage (68) reli6 a cette section premiere position jusqu'A sa seconde
position.     d'enveloppe de soupape; une section d'enve- 12. Soupape
suivant l'une quelconque des   so   loppe de commando (70) reli6e A ce
raccord revendications pr6cedentes, dans laquelle le pis-  superieur de
remplissage; une connecteur de ton de commande (156A) du mandrin de corn-
chambre de ressort hydraulique (72) ralie a catte mande comporte un piston
principal (400), offrant  section d'enveloppe de commande; une section une
premiere section diff6rentielle, et un piston  d'enveloppe de chambre de
ressort hydraulique d'amplification (402) associ6 fonctionnellement   35
(74) reliee A ce connecteur de chambre de ressort au piston principal de
facon a fournir initialement  hydraulique; un raccord inferieur de
remplissage une section differentielle qui vient s'6jouter a la  (76) reli6
a cette section d'enveloppe de chambre premiere section diff6rentielle du
piston principal  de ressort; une section inf6rieure d'enveloppe et A
assurer ainsi une force initiale suppl6men-  (78) reliee A ce raccord
inf6rieur de remplissage; taire pour deplacer l'obturateur d'ecoulement de
4o   et un adaptateur inferieur d'enveloppe (80) relie a sa position fermee
jusqu'a une position partielle-  cette section inferieure d'enveloppe;
l'obturateur ment ouverte.                                      (136) 6tant
disposb dans la section d'enveloppe 13. Soupape suivant la revendication
12, corn-   de soupape et mobile entre des positions ouverte prenant en
outre un moyen de limitation (416)      et ferm6e, le mandrin de commande
(148) etant associ6 fonctionnellement au piston d'amplifica-   4s   dispose
dons l'enveloppe exterieure, lo piston de tion pour limiter le deplacement
de ce dernier     commands (156, 156A) etant loge a l'int6rieur dans ledit
premier sens lorsque l'obturateur       d'un alesage interieur cylindrique
(158) de la d'ecoulement a ete deplac6 jusqu'3 sa position     section
d'enveloppe de commande, une extre- partiellement ouverte, et pour
permettre au pis-   mite inferieure de mandrin de commande etant ton
principal de poursuivre son deplacement   50   logee de fagon coulissante
et de maniere etanche suivant ce meme premier sons.
dons un alesage central (186) du connecteur de 14. Soupape suivant Ia
revendication 13, com-    chambre de ressort hydraulique; un orifice de
prenant en outre un second moyen de limitation     commande (192) menage A
travers une paroi qe la 



de piston (418) associe fonctionnellement au pis-  section d'enveloppe de
commande et agencAdo ton d'amplification pour limiter le deplacement de
55   fagon a etre en liaison de communication 'de ce dernier dons un second
sans oppose audit       fluide avec une face superieure du piston premier
sans lorsque ce piston d'amplification     commande; un mandrin de chambre
de ressort retourne a so position initiale.                   hydraulique
(226) comportant une extremite 15. Soupape suivant l'une quelconque des
superieure (228), reliee au connecteur de cham- revendications 13 ou 14,
dans laquelle le moyen   60   bre de ressort hydraulique, et une extr~mit6
de limitation (416) est une nervure d'arret s'eten-  inferieure (236) logee
dans un alesage (238) du dant radialement vers l'int6rieure a partir de
raccord inferieure de remplissage, co mandrin de l'enveloppe et destinee a
offrir un contact au     chambre de ressort hydraulique etant espace piston
d'amplification et A empecher ce1ki-ci de   radialement vers l'interieur
par rapport A la sec- continuer de se deplacer dens ledit premier sons.
65   tion  d'enveloppe  de  chambre  de  ressort 18    35              EP
9 088 550  B1                    36 hydraulique de facon a d6limiter ladite
premiere    m6nage a travers une paroi de la section inf6- chambre (242),
qui est en liaison de communica-      rieure de l'enveloppe, le premier
piston flottant tion de fluide avec une face inferieure (244) du      (282)
etant dispos6 dans la seconde chambre au- piston de commande; un mandrin
inferieur (250)       dessus de cet orifice d'6galisation. comportant une
extremit6 sup6rieure, reli6e au    5    18. Proc6d6 permettant de soumettre
un puits A *        raccord inferieur de remplissage, et une extr6mit6   un
essai de production, ce proc6d6 comprenant ,        inf6rieure log6e de
maniere 6tanche dans un         les 6tapes suivantes: faire descendre dans
le puits alesage (254) de l'adaptateur inf6rieur d'enve-      une soupape
de tester, ou d'essai de production, loppe, ce mandrin inf6rieur etant
espace radiale-    comprenant une soupape suivant la revendica- ment vers
l'int6rieur par rapport a la section    10   tion 1, dans laquelle le
liquide compressible est inf6rieure d'enveloppe de fagon A d6limiter ladite
pratiquement a la pression atmosph6rique lors- seconde chambre (258); une
cartouche de cali-        que la descente commence; transmettre la pres-
brage (260) dispos6e entre la section inf6rieure    sion de fluide
d'annulus de l'annulus du puits au d'enveloppe et le mandrin inf6rieur, A
une extr6-    liquide compressible pendant qu'on fait descen- mite
sup6rieure de la seconde chambre; le pas-   15   dre la soupape de tester
dans le puits; positionner sage de mise sous pression (262) dtant m6nag6 A
la soupape de tester dans ce dernier a une travers le raccord inf6rieujr de
remplissage et la   profondeur finale; accrottre la pression de l'annu-
cartouche de calibrage et permettant de faire        lus d'une valeur
suppl6mentaire, au-dessus d'une communiquer la premiere chambre avec la
pression hydraulique qui y regne, suffisante pour seconde chambre; le
premier clapet antiretour de    20   faire s'ouvrir la soupape de tester;
transmettre au mise sous pression (268) etant dispose dans ce       moins
une partie de cette valeur suppl6mentaire passage de mise sous pression, a
l'int6rieur de la   de pression d'annulus au liquide compressible;
cartouche de calibrage, de facon A permettre A du    d6lester la pression
de l'annulus jusqu'a une liquide de s'6couler de la seconde chambre vers
pression finale d'annulus; emprisonner, dans le la premiere chambre; un
premier 6tranglement   25   liquide compressible, pendant qu'on realise ce
d'ecoulement de liquide (270), a fonction de         delestage de la
pression de l'annulus, une partie retard, 6tant dispos6 dans le passage de
mise        de la pression qui est en exces par rapport a la sous pression,
A l'int6rieur de la cartouche de      pression finale de I'annulus, cette
partie 6tant calibrage; le passage de d6lestage de pression
suffisante pour faire se fermer la soupape de (272) 6tant menage a travers
le raccord inf6rieur   30   tester, de sortie qu'une valeur emprisonnee de
remplissage et la cartouche de calibrage de       d'energie de pression
hydraulique emprisonn6e facon a faire communiquer la premiere chambre
dans le liquide compressible et excedant une avec la seconde chambre, le
second clapet antire-     valeur d'6nergie de pression hydraulique se trou-
tour de d6lestage de pression (278) 6tant dispos6     vant dans le liquide
compressible lorsque le dans ce passage de. delestage de pression, a    35
ressort hydraulique etait pratiquement a la pres- l'int6rieur de la
cartouche de calibrage,.de fagon A  sion atmosph6rique est entierement
ontenue A permettre a du liquide de s'6couler de la premiere   partir d'une
transmission d'6nergie de pression chambre vers la seconde chambre; un
second           hydraulique de I'annulus du puits vers le liquide
etranglement d'6coulement de liquide (280), A        compressible; et
fermer la soupape de tester, lors fonction de retard, dispose dans le
passage de    40   d'un delestage de la pression de I'annulus, grace
delestage de pression, a l'int6rieur de la car-      a l'utilisation de
cette energie de pression touche de calibrage; un orifice d'6galisation
(292)  hydraulique emprisonnee. 46 50 5S 60 19 *   C   L   M   S   *    


