
1                 EP 0 223 552 B1                    2 Description
pended in a well bore on a pipe string comprising: a cylindrical housing
having an open longitudinal The present invention relates generally to ap-
passageway therethrough and a circulation port paratus and methods for
testing an oil well, and   disposed through a wall thereof; and a valve
man- more particularly, but not by way of limitation, to a   5   drel
slidably received in said housing, said circula- circulation valve which
may be placed in a circulat-  tion valve being characterised in that said
valve ing condition or closed in response to annulus and  mandrel is
movable between a position in which drill string pressure.
fluid may flow through said circulation port only The prior art includes a
number of sliding      from the well bore annulus to the pipe string, and a
sleeve type circulation valves which are opened in  10  position in which
fluid may flow through said cir- response to annulus pressure. Typically
once open,  culation port only from the pipe string to the well a prior art
valve remains locked in an open con-   bore annulus, said valve mandrel
positions being dition. Examples of such are described in U.S.-A-  axially
spaced from one another; and wherein said 4,064,937 and 3,970,147. There
are however ex-     circulation valve further includes piston means op-
ceptions. U.S.-A- 4,452,313 discloses a circulation   15  eratively
connected to said valve mandrel, said valve which may be initially opened
by pressurizing  piston means being exposed to pressure interior the well
annulus and which may subsequently be     and exterior of said housing for
axially moving said -closed and reopened by setting down weight on   valve
mandrel to a selected one of said positions [err] circulation valve or
picking up weight from the  responsive to pressure changes across said
hous- circulation valve.                             20  ing. U.S.-A-
4,403,659 discloses a pressure con-        In a preferred arrangement, the
circulation trolled reversing valve which is opened in response  valve of
the present invention may be initially to a predetermined number of
pressure increases    placed in condition for reverse circulation by al-
and decreases in the drill string. After the circulat-  ternately pumping
down the drill string and annulus ing valve is open, increasing the rate of
flow   25   a predetermined number of times and/or pumping through the
drill string into the annulus closes the  down and releasing pressure in
the drill string. valve which may be again re-opened by applying
Thereafter, pumping down of the drill string places the predetermined
number of internal pressure in-  the valve in condition for spotting fluids
in the well creases and decreases. When the circulation valve  bore through
the valve after which pumping down is open, liquids cannot be spotted in
the well bore  30  the annulus closes the valve. The term "pumping through
the valve at a moderate or high rate since  down" the annulus or drill
string, as used herein, is such action closes the valve. If nitrogen is
spotted  employed to describe the increasing of pressure through the valve,
it cannot be closed as the nitro-  and/or flow in the annulus or drill
string as the case gen flow does not effect a large enough pressure   may
be. drop to cycle the valve.                       35      Thus, the
circulation valve of the invention can In our EP-A-0158465, we have
described a        permit selective reverse circulating and spotting
multi-mode testing tool which includes a circulation  fluids down the well,
while at the same time permit- valve comprising a cylindrical housing
having an    ting application of drill string and annulus pressure open
longitudinal passageway therethrough and a    to pump fluids and actuate
other tools without circulation port disposed through a wall thereof,  40
unintentionally opening or closing the circulation and a valve mandrel
slidably received in the hous-  valve. ing. In this arrangement, the
circulation port is      The invention also includes a method of op- opened
(to permit fluid flow between the annulus  erating a circulation valve of
the type having a and the string) and closed in response to pressure  valve
mandrel slidably disposed in a cylindrical changes.
45  housing and movable from a first position closing a We have now devised
an improved circulation     circulation port disposed through said housing
to a valve in which, in contrast to the prior art, fluid flow  second
position in which fluid may be circulated through the circulation port is
controlled by the  through said port, said method comprising the position
of the valve mandrel to be in only one    steps of: increasing pressure
exterior of said hous- direction at a time. Thus, the arrangement allows
so  ing relative to that interior thereof to move said fluid flow either
from the drill string out to the  valve mandrel toward one of said
positions within annulus or (when the valve mandrel is in a different  said
cylindrical housing, said pressure exterior of position) from the annulus
into the drill string. In  said housing being communicated to a first
piston this way, some of the disadvantages referred to    of said valve
mandrel through a power port dis- above are mitigated or overcome as is
described   55  posed through a wall of said cylindrical housing; more
fully hereafter.                             increasing pressure interior
of said housing relative According to the present invention, there is    to
that exterior thereof to move said valve mandrel provided a circulation
valve adapted to be sus-    toward the other of said positions within said
hous- 2 



3                 EP 0 223 552 B1                    4 ing, said valve
mandrel having a second piston     the restraining pressure of the drilling
fluid, can exposed to pressure interior of said housing; and  flow into the
interior of the testing string. preventing movement of said valve mandrel
from         The testing program includes periods of forma- said first
position until the pressure interior of said  tion flow and periods when
the formation is closed housing alternately exceeds the pressure exterior
5   in. Pressure recordings are taken throughout the of said housing a
predetermined number of times;   program for later analysis to determine
the produc- characterised in that it further includes the step of  tion
capability of the formation. If desired, a sample permitting circulation
through said port in one di-  of the formation fluid may be caught In a
suitable rection only when said valve mandrel is in said    sample chamber.
second position.                              10       At the end of the
testing program, a circulation In order that the invention may be more
fully   valve in the test string is opened, formation fluid in understood,
an embodiment thereof will now be      the testing string is circulated
out, the packer is described with reference to the accompanying
released, and the testing string is withdrawn. drawings, in which:
Over the years various methods have been Figure 1 is a schematic
elevational view of a   15  developed to open the tester valves located at
the typical well testing apparatus using the present  formation depth as
described. These methods in- invention;
clude string rotation, string reciprocation, and an- Figures 2A-2F
comprises an elevational quarter   nulus pressure changes. Particularly
advantageous section view showing a downhole tool incor-    tester valves
are those shown in U.S. Patent No's. porating an embodiment of circulation
valve of  20  3,856,085  to  Holden, et al., 4,422,506  and the present
invention;                           4,429,748 to Beck, and 4,444,268 and
4,448,254 to Figure 3 is a cross-sectional view taken along   Barrington.
These valves operate responsive to lines 3-3 in Figure 2E;
pressure changes in the annulus and provide a full Figure 4 is a
cross-sectional view taken along   opening flow passage through the tester
valve ap- lines 4-4 in Figure 2E; and                 25  paratus. Figure 5
is a laid-out view of a portion of the     The annulus pressure operated
method of indexing sleeve of Figure 2E showing the ap-     opening and
closing the tester valve is particularly pearance of the sleeve as if it
had been cut     advantageous in offshore locations where it is de- along
its length at one side and then rolled out  sirable to the maximum extent
possible, for safety flat into a rectangular shape. The line 2E-2E   30
and environmental protection reasons, to keep the indicates the location of
the section through the  blowout preventors closed during the major portion
sleeve which Is seen in Figure 2E.               of the testing procedure.
During the course of drilling an oil well, the     A typical arrangement
for conducting a drill borehole is filled with a fluid known as drilling
fluid  stem test offshore is shown in Fig. 1. Such an or drilling mud. One
of the purposes of this drilling   35  arrangement would include a floating
work station 1 fluid is to contain in intersected formations any fluid
stationed over a submerged work site 2. The well which may be found there.
To contain these forma-  comprises a well bore 3 typically lined with a
tion fluids the drilling mud is weighted with various  casing string 4
extending from the work site 2 to a additives so that the hydrostatic
pressure of the  submerged formation 5. The casing string 4 in- mud at the
formation depth is sufficient to maintain  40  cludes a plurality of
perforations at its lower end the formation fluid within the formation
without al-  which provide communication between the forma- lowing it to
escape into the borehole.             tion 5 and the interior of the well
bore 6. When it is desired to test the production capa-    At the submerged
well site Is located the well bilities of the formation, a testing string
is lowered  head installation 7 which includes blowout preven- into the
borehole to the formation depth and the   45  tor mechanisms. A marine
conductor 8 extends formation fluid is allowed to flow into the string in a
from the well head installation to the floating work controlled testing
program. Lower pressure is main-  station 1. The floating work station
includes a work tained in the interior of the testing string as it is  deck
9 which supports a derrick 12. The derrick 12 lowered into the borehole.
This is usually done by  supports a hoisting means 11. A well head closure
keeping a valve in the closed position near the   50  13 is provided at the
upper end of marine conduc- lower end of the testing string. When the
testing  tor B. The well head closure 13 allows for lowering depth is
reached, a packer is set to seal the      into the marine conductor and
into the well bore 3 borehole thus closing in the formation from the    a
formation testing string 10 which is raised and hydrostatic pressure of the
drilling fluid in the well  lowered in the well by hoisting means 11.
annulus. Alternatively, the string may be stabbed   as  A supply conduit 14
is provided which extends into a previously set production packer.
from a hydraulic pump 15 on the deck 9 of the 



The valve at the lower end of the testing string  floating station 1 and
extends to the well head is then opened and the formation fluid, free from
installation 7 at a point below the blowout preven- 3    5
EP 0 223 552 B1                   6 tors to allow the pressurizing of the
well annulus 16  desirable to add a safety joint between the jar and
surrounding the test string 10.                   the packer mechanism 27.
Such a safety joint The testing string includes an upper circuit   would
allow for the testing string 10 to be discon- string portion 17 extending
from the work site 1 to  nected from the packer assembly 27 in the event
the well head installation 7. A hydraulically op-   5   that the jarring
mechanism was unable to free a erated conduit string test tree 18 is
located at the  stuck formation testing string. end of the upper conduit
string 17 and is landed in   The location of the pressure recording device
the well head installation 7 to thus support the  may be varied as desired.
For instance, the pres- lower portion of the formation testing string. The
sure recorder may be located below the perforated lower portion of the
formation testing string extends  10  tail piece 28 in a suitable pressure
recorder anchor from the test tree 18 to the formation 5. A packer  shoe
running case. In addition, a second pressure mechanism 27 isolates the
formation 5 from fluids  recorder may be run immediately above the tester
in the well annulus 16. A perforated tail piece 28 is  valve 25 to provide
further data to assist in evaluat- provided at the lower end of the testing
string 10 to  ing the well. allow fluid communication between the formation
5  15  Referring now to Figures 2A-2F, the pressure and the interior of the
tubular formation testing  operated  recloseable circulation valve of the
string 10.                                        present invention is
incorporated in a tool indicated The lower portion of the formation testing
string  generally at 201. further includes intermediate conduit portion 19
Tool 201 includes a cylindrical outer housing, and torque transmitting
pressure and volume bal-  20  generally designated by the numeral 200,
having anced slip joint means 20. An intermediate conduit  an upper housing
adapter 202 which Includes portion 21 is provided for imparting packer
setting  threads 204 for attaching tool 201 to the portion of weight to the
packer mechanism 27 at the lower    testing string 10 located above tool
201. end of the string.                                   At the lower end
of housing 200 is a lower It is many times desirable to place near the   25
housing adapter 206 which includes an externally lower end of the testing
string a conventional cir-  threaded portion 208 for connection of tool 201
to a culating valve 22 which may be opened by rotation  portion of test
string 10 located below the tool. or reciprocation of the testing string or
a combina-  Housing 200 further includes an upper housing tion of both or
by the dropping of a weighted bar in  section 210, an intermediate housing
section 212 the interior of the testing string 10. This circulation   30
and a lower housing section 214. The interior of the valve is provided as a
back-up means to provide   components making up housing 200 forms a fluid
for fluid communication in the event that the cir-  flow passageway 216
axially through tool 201. The culation valve of the present apparatus
should fail  various housing sections and the upper and lower to open
properly. Also near the lower end of the  adapter are threadably connected
to one another formation testing string 10 is located a tester valve   35
via threaded connections as shown in the drawing 25 which is preferably a
tester valve of the annulus  with each such threaded connection being
sealed essure operated type such as those disclosed in  with O-rings as
shown. U.S. Patent No's. 3,856,085; 4,422,506; 4,429,748;     Indicated
generally at 217 in Figures 2B and 4,444,268; and 4,448,254. Immediately
above the   2C is a circulation valve. A generally tubular valve tester
valve is located a tool 201 which incor-  40  mandrel 218 is closely
received within upper hous- porates the apparatus of the present invention.
ing section 210 and is sealingly engaged therewith A pressure recording
device 26 is located be-  via O-rings 220, 222, 224, and 226. An upper
valve low the tester valve 25. The pressure recording   sleeve 228 is
closely received within upper housing device 26 is preferably one which
provides a full  section 210 and is threadably engaged via threads opening
passageway through the center of the   45  230 to the upper end of valve
mandrel 218. An O- pressure recorder to provide a full opening pas-  ring
231 sealingly engages the radially outer sur- sageway through the entire
length of the formation  face of upper valve sleeve 228 to the radially
inner testing string.                                   surface of upper
housing section 210. A lower It may be desirable to add additional
formation  valve sleeve 234, in Figure 2C, is threadably en- testing
apparatus in the testing string 10. For in-  50  gaged via threads 236 to
the lower end of valve stance, where it is feared that the testing string
10  mandrel 218 and is sealingly engaged thereto via may become stuck in
the borehole 3 it is desirable  O-ring seal 238. to add a jar mechanism
between the pressure         Valve mandrel 218 includes a lower check 



recorder 26 and the packer assembly 27. The jar   valve indicated generally
at 240. Included therein is mechanism is used to impart blows to the
testing  55   a resilient valve portion 242, such comprising an string to
assist in jarring a stuck testing string loose  annular lip having a
radially outer surface 244 from the borehole in the event that the testing
which bears against the radially inner surface of string should become
stuck. Additionally, it may be  valve mandrel 218. Valve portion 242 is
inserted 4    7                 EP0223552B1                       8 over
and carried by a valve portion carrier 246.  sealingly and slidingly
received between the radi- Carrier 246 supports valve portion 242 to create
an  ally outer surface of the lower piston mandrel and annular space 248
between the radially outer sur-  the radially inner surface of lower
housing section face of the valve portion and the radially inner  214.
Lower annular space 282 is filled with oil to surface of valve mandrel 218.
A plurality of bores,   5   provide  lubrication  to  moving  parts, to  be
one of which is bore 250, are formed through      hereinafter more fully
described, contained within mandrel 210 about the circumference thereof and
space 282. The lower side of floating piston 290 is permit fluid
communication between the exterior of  in fluid communication with the
exterior of tool 201 the mandrel and space 248. Upper housing section  via
a port 293 formed through the wall of lower 210 includes a circulation port
252 to permit fluid  10  housing section 214. The floating piston prevents
communication between the interior and exterior of  drilling mud and other
contaminates in the well upper housing section 210.
bore from becoming mixed with the oil contained in Valve carrier 246 Is
received between the up-  annular space 282 above the floating piston. per
end of lower valve sleeve 234 and a bevel 254     In Figure 2E, an indexing
sleeve 292 is closely formed on the radially inner surface of valve man-
15  received over piston mandrel 270 and is restrained drel 218 and is thus
restrained from axial move-  from axial movement therealong by a downward
ment relative to the valve mandrel.               facing shoulder 294
formed on mandrel 270 and In Figure 2B, an upper check valve is indicated
the upper surface of lower piston mandrel 286. For generally at 256.
Included therein is a resilient   a better view of the structure associated
with index- valve portion 258 having an annular lip which has a   20  ing
sleeve 292, attention is directed to Figure 5. radially inner surface 260
that is sealingly engaged  An outer cylindrical surface 296 on indexing
against the radially outer surface of valve mandrel  sleeve 292 concludes a
continuous slot or groove, 218 about its circumference. Resilient valve
portion  such being indicated generally at 298. Groove 298 258 is carried
by a valve portion carrier 262. A  includes a repeating zig-zag portion 300
which space 264 is formed between the radially inner  25  rotates sleeve
292 counter-clockwise, as viewed surface of resilient valve portion 258 and
the radi-  from above, upon reciprocation of piston mandrel ally outer
surface of the valve mandrel.          270 relative to housing 200. A
plurality of bores indicated generally at 266   Groove 298 further includes
first and second provide fluid communication between the interior of
vertical groove portions 302, 304. Each of groove the valve mandrel 218 and
space 264 about the   30  portions 302, 304 includes an upper and lower
leg, circumference of the valve mandrel. Valve carrier  like upper leg 305
and lower leg 307 in groove 302. 262 is received between the lower end of
upper    Connecting groove portions 306, 308 connect re- valve sleeve 228
and a bevel 268 formed on the    peating zig-zag portion 300 with vertical
groove radially outer surface of valve mandrel 218 about  portions 302,
304. Zig-zag portion 300 includes a its circumference and is thus
restrained from axial  35  first leg 310 having an upper surface 312 and a
movement relative to the valve mandrel.           lower surface 314. Each
of the other legs in zig-zag A piston mandrel 270 in Figure 2C, 2D, and 2E
portion 300 include similar upper and lower sur- has an upper end
threadably secured via threads      faces. Likewise, each of vertical
grooves 302, 304 272 to the lower end of lower valve sleeve 234.   include
upper and lower surfaces like upper sur- The radially outer surface of
piston mandrel 270   40  face 316 and lower surface 318 in groove portion
and the radially inner surfaces of upper housing  302. section 210 and
intermediate housing section 212      A ball 320 is biased into groove
portion 302 define an upper annular space 274 which is in     and more
particularly into the lower portion of the communication with the exterior
of the tool via a  groove as viewed in both Figures 5 and 2E. power port
276. O-rings 278, 280 seal the radially  46  In Figure 2E, ball 320 is
mounted on the radi- inner and outer surfaces of intermediate housing  ally
inner surface of an annular shoulder 324 which section 212 and define the
lower end of annular   is formed on the radially inner surface of lower
space 274. O-rings 278, 280 define the upper end  housing section 214. For
a more detailed descrip- of a lower annular space 282 which has as its
outer  tion of ball 320, its associated structure, and the boundary the
radially inner surface of lower hous-  50  manner in which ball 320
interacts with indexing 



ing section 214. The radially inner boundry of    sleeve 292 see U.S.
Patent No. 4,355 685 to Beck space 282 is defined by the outer surface of
piston  to which reference should be made for further mandrel 270 and the
outer surface of a lower      details. piston mandrel 286 which is
threadably secured to    An annular shoulder 322 is formed on the radi- the
lower end of piston mandrel 270 via threads  55  ally inner surface of
lower housing section 214 288.
about its circumference. Disposed at the lower end of annular space
Annular shoulder 322 includes a pair of op- 282 is an annular floating
piston 290. Piston 290 is  posed slots 326, 328 which are viewable in
Figure 5    9                 EP 0 223 552 B1                   10
communication between passageway 216 and the Annular shoulder 324 includes
a similar pair of  exterior of tool 201 is prevented. opposed slots 330,
332 with slot 330 being axially   With the tool configured as described
above, it aligned with slot 326 and slot 332 being axially  is assembled
into the drill string and lowered into aligned with slot 328.
5   the well bore as shown in Figure 1. With this Indexing sleeve 292
includes a pair of opposed  arrangement, fluids may be pumped into the
drill load lugs 334, 336, such being viewable in Figure  string on which
tool 201 is suspended for purposes 4. In the view of Figure 4, opposing
lugs 334, 336  of fracturing or injecting acid into the formation. are
received within slots 326, 328, respectively.  Also, the annulus between
tool 201 and the well Load lug 336 is viewable in Figure 5 and is shown
10  bore may be pressurized in order to operate dif- in dot-dash lines in
Figure 2E, such indicating   ferent tools in the drill string testing
arrangement. where load lug 336 is positioned on the rear side of  With
ball 320 received in the lower portion of index sleeve 292, with lug 334
being half cut away  leg 310, when fluid is pumped down the drill string in
the quarter section and half obscured by lower  upon which the tool is
suspended, passageway 216 housing section 214.                          15
is pressurized thus forcing power mandrel 270 Load lug 336 includes an
upper abutment sur-  downwardly until ball 320 is received in the upper
face 338 and a lower abutment surface 340. Abut-  portion of leg 310, as
shown in dashed lines in ent surfaces 336, 340 comprise the upper and
Figure 5, adjacent surface 312. The power mandrel lower surfaces,
respectively; of the load lug which  is urged downwardly under such
pressurization due extends outwardly from the radially outer surface of  20
to the action of an annular piston which is defined indexing sleeve 292.
by an outer diameter, at seal 238 in Figure 2C and In Figure 2E, annular
shoulder 322 includes    by an inner diameter at O-ring 278 in Figure 2E.
upper and lower abutment surfaces 342, 344, re-   Fluid pressure in
passageway 216 acts across the spectively.
difference in area between seal 238 and 0-ring 278 Also in Figure 2E,
shoulder 324 includes upper  25  to urge power mandrel 270 downwardly. As
the and lower abutment surfaces 346, 348, respec-     mandrel moves
downwardly ball 320 moves from tively. The upper surface of lower piston
mandrel  the lower portion of log 310 to the upper portion of 286 comprises
an abutment surface 350 with sur-   leg 310 adjacent upper surface 312.
face 348 being abutted against surface 350 in the    It is to be
appreciated that downward move- view of Figure 2E.
30  ment of the power mandrel is stopped when lower Additional abutment
surfaces are seen in Fig-  abutment surface 340 on load lug 336 and the
ures 2C and 2D and include surface 352 on the     lower abutment surface on
the opposing load lug lower end of lower valve sleeve 234 and surface
strike upper abutment surface 346 on shoulder 354 on the upper end of
intermediate housing      324. Such occurs when ball 320 is in the position
section 212. As will be explained hereinafter, the   35  shown in dashed
lines adjacent upper surface 312. various abutment surfaces interact with
one another  Such abutment prevents ball 320 from abutting [err] limit the
axial movement of valve mandrel 218  against surface 312 with a significant
amount of [err] thereby place the valve in a closed condition,  force. in a
condition for circulation of fluids, or in a    After ball 320 is
positioned in the upper portion condition for reverse circulation of
fluids.  40  of leg 310, it may be necessary or desirable to In operation,
prior to suspending tool 201 on a  operate a tool in the drill string
testing arrangement drill string in a well bore, mandrel 270 is axially  by
applying pressure to the annulus between the reciprocated relative to
housing 200 in order to  drill string and the well bore. Such pressure, in
place ball 320 in the lower end of leg 310 as shown  addition to the
hydrostatic pressure in the annulus, in dashed lines in Figure 5. In this
position ball 320   45  is communicated to upper annular space 274 via is
adjacent lower surface 314. When ball 320 is in  port 276 in Figure 2D and
serves to urge power the lower portion of leg 310 adjacent surface 314,
piston mandrel 270 upwardly relative to housing 



abutment surface 338 of load lug 336 and the      200. When such occurs,
ball 320 moves downwar- upper surface of the opposing load lug are abutted
dly into the lower portion of the leg adjacent leg against abutment surface
344 on the underside of  50  310. Further upward piston mandrel movement is
annular shoulder 322. When surfaces 338, 344 are  stopped by the action of
abutment surface 333 so abutted, ball 320 is not abutted against surface
against abutment surface 344 on the lower surface 314 on the lower portion
of leg 310 but rather is  of annular shoulder 322. positioned just adjacent
thereto.                    When ball 320 is received within zig-zag por-
When power piston 270 is positioned with ball  55  tion 300, although
piston mandrel 270 and thus 320 in leg 310 as described above, valve
mandrel  valve mandrel 218 are reciprocated between the 218 is positioned
over circulation port 252, in Fig-  upper and lower portions of groove 300,
circulation ure 2C, between O-rings 222, 224. Thus, fluid     port 252 is
always between 0-rings 222, 224, thus 6    11                 EP0223552B1
12 sealing the port from fluid communication between  surface 316. Just
prior to impact of surface 316 the interior and exterior of the tool.
with ball 320, surface 352 on the lower end of It can be seen that by
alternately pumping     lower valve sleeve 234 abuts against surface 354
down the drill string and the annulus or pumping   on the upper end of
intermediate housing section down and releasing pressure in the drill
string, ball   5   212 thus stopping further downward movement of 320 will
be successively moved along zig-zag por-  piston mandrel and preventing
ball 320 from bear- tion 300 until it is received in the Upper portion of
ing significant forces as a result of impact with the leg to the immediate
right of connecting portion  surface 316. 306. When drill string pressure
is released, the       When the piston mandrel is in its lowermost normal
hydrostatic pressure in the annulus will act  10  condition as just
previously described, O-ring 220 on power piston mandrel 270 through port
276 and   on valve mandrel 218 is beneath circulating port urge it upwardly
relative to housing 200. Thus, the  252 thus permitting circulation from
passageway annulus does not have to be pressured up to        216 into the
well bore as follows. When pressure in axially reciprocate the power piston
mandrel 270   passageway 216 increases above that in the an- and move ball
320 in zig-zag portion 300 of groove   15  nulus, fluid flows through bores
266 into annular 298.                                               space
264, between surface 260 and the radially When so positioned, annulus
pressure may be     outer surface of valve mandrel 218, and through applied
or drill string pressure released to urge  port 252 into the annulus.
piston mandrel 270 upwardly thereby causing ball         When so
configured, if annulus pressure ex- 320 to enter connecting portion 306 and
thereafter  20  ceeds that of passageway 216, flow does not occur lower leg
307 as the piston mandrel continues its  through port 252 because surface
260 sealingly upward movement. Abutment surface 338 does not     engages
the radially outer surface of valve mandrel strike abutment surface 344 on
the lower surface of  218. shoulder 322 as during piston mandrel reciproca-
If it is desired to return the tool to its closed tion when ball 320 is
received in zig-zag portion   25  position in which neither circulation nor
reverse 300. This is because load lugs 334, 336 are re-    circulation can
occur, the annulus is pressurized ceived within slots 326, 328, in Figure
4, and thus  thus driving piston mandrel 270 upwardly and permit movement
of ball 320 down lower leg 307.    causing ball 320 to move down leg 305
and into Just prior to abutment of ball 320 against lower  the zig-zag
portion (not shown) on surface 296 surface 318, abutment surface 348 on the
lower  30  opposite zig-zag portion 300. side of shoulder 324 abuts against
surface 350 on      The tool is again in condition to permit re- the upper
side of lower piston mandrel 286 thus    peated alternate applications of
annulus and drill stopping further mandrel movement and preventing   string
pressure or applications and releases of drill ball 320 from absorbing a
significant axial load.  string pressure without shifting the tool into
con- When ball 320 is in the lower end of leg 307 as   35  dition for
circulation or for reverse circulation. It can shown in the solid-line view
of Figure 5 and Figure  be seen that, in the tool of the preferred embodi-
2E, valve mandrel 218 is positioned relative to port  ment, five such
alternate applications of annulus 252 as shown in Figure 2C. When so
positioned      and drill string pressure or applications and re- fluid may
be reverse circulated through port 252,  leases of drill string pressure
may occur before the bore 250 (and the other bores about the perimeter  40
tool is again placed in condition for reverse circula- of valve mandrel 218
adjacent bore 250), into an-  tion. Thereafter, application of drill string
pressure nular space 248 on the radially inner surface of   places the tool
in condition for circulation to permit, valve mandrel 218 and into
passageway 216.         for example, the spotting of fluids into the well
bore Thus, when valve mandrel 218 is in the con-     adjacent tool 201. It
will be apparent to one skilled 



figuration of 2C, the well may be reverse circulated   45  in the art that
more or fewer than five cycles may but, because of the action of resilient
valve portion  readily be employed by changing the slot. 242, the well may
not be circulated from the drill    It can be seen that tool 201 permits
alternate string into the annulus. When pressure in passage-  pumping of
fluids into the formation and operation way 216 is greater than the
pressure in the an-    of various tools by pressurizing the well bore with-
nulus, surface 242 sealingly engages the radially  so  out placing the tool
in condition for circulation or inner surface of the valve mandrel thus
preventing  reverse circulation until the annulus and drill string flow
between passageway 216 and the annulus.        have been alternately
pressurized a predetermined Since such flow may not occur, when it is
number of times. Such a tool permits reversing desired to place the tool in
condition for circulation,  fluids out of the drill string and thereafter
spotting passageway 216 may be pressurized (by pumping   55  fluids, for
example nitrogen, into the well bore down the drill string) thus driving
piston mandrel  adjacent tool 201. Thereafter, annulus pressure can 270
downwardly and moving ball 320 upwardly in    be increased to actuate other
valves and/or tools in leg 307 and into leg 305 until the ball is adjacent
the well bore without compressing the nitrogen in 7    13
EP 0 223 552 B1                      14 [err] drill string.
between a first position closing said circulation Thus, tool 201 permits
selectively reverse cir-     port and a second position in which fluid may
culating and spotting fluids down the well while at     be circulated
through said port; and wherein the same time permitting application of
drill string    said valve includes annular piston means and annulus
pressures to pump fluids and actuate   5    (270) received in said housing
and being oper- other tools without unintentionally opening or clos-
atively connected to said valve mandrel, said ing the circulation valve.
piston means having a first side subject to It is thus seen that the
downhole tool of the       pressure in the annulus of said well bore and a
present invention readily achieves the ends and         second side subject
to pressure in said pipe advantages mentioned as well as those inherent
10     string, said piston means moving said valve therein.
mandrel toward one of said positions when the pressure on said first side
exceeds the pres- Claims
sure on said second side and moving said mandrel toward the other of said
positions 1. A circulation valve adapted to be suspended in  15   when the
pressure on said second side ex- a well bore on a pipe string comprising: a
ceeds the pressure on said first side; and cylindrical housing (200) having
an open ion-       means (292,320,322,324,334,336) for prevent- gitudinal
passageway (216) therethrough and a      ing movement of said valve mandrel
from said circulation port (252) disposed through a wall       first
position until the pressure on each side of thereof; and a valve mandrel
(218) slidably   20    said piston alternately exceeds the pressure on
received in said housing, said circulation valve    the other side a
predetermined number of being characterised in that said valve mandrel
times, said movement preventing means pref- is movable between a position
in which fluid        erably including a groove and lug assembly. may flow
through said circulation port only from the well bore annulus to the pipe
string,  25  5. A valve according to claim 4, wherein said and a position
in which fluid may flow through      valve mandrel is axially movable
toward a third said circulation port only from the pipe string     position
in which fluid may be circulated to the well bore annulus, said valve
mandrel        through said port. positions being axially spaced from one
an- other; and wherein said circulation valve further   30  6. A valve
according to claim 5, wherein said includes piston means (270) operatively
con-        valve mandrel includes means (242) for pre- nected to said
valve mandrel, said piston           venting fluid flow from said pipe
string to said means being exposed to pressure interior and        well
bore annulus when said valve mandrel is exterior of said housing for
axially moving said    in  said  second  position  and   means valve
mandrel to a selected one of said posi-  35   (220,222,224, 226) for
preventing fluid flow tions responsive to pressure changes across
from said well bore annulus to said pipe string said housing.
when said valve mandrel is in said third posi- tion, said valve mandrel
preferably including 2. A valve according to claim  1, wherein said
first check valve means (244) for permitting valve mandrel is also movable
to a position   40    fluid circulation in one direction only between
preventing fluid flow through said circulation      said pipe string and
said well bore annulus 



port in either direction.                           when said valve mandrel
is in said second position, and preferably also second check 3. A valve
according to claim 1 or 2, which further     valve means (256) for
permitting fluid circula- includes means (292,322,324) for limiting axial
45  tion only from said pipe string to said well bore movement of said
valve mandrel, said limiting       annulus when said valve mandrel is in
said means preferably including a groove (300) and       third position.
lug assembly, said groove (300) preferably in- cluding a pattern which is
constructed and      7. A valve according to claim 6, wherein said arranged
to permit alternately relatively pres-  50  valve mandrel comprises a
generally tubular surizing the interior and exterior of said hous-
member having first (250) and second (266) ing a predetermined number of
times when            bores axially displaced from one another, and said
valve mandrel is in a position closing said    wherein said first check
valve means is asso- port before said valve mandrel can move to
ciated with said first bore and said second one of said other positions.
55      check valve means is associated with said second bore. 4. A valve
according to claim 1, wherein said valve mandrel (218) is slidably axially
movable  8.  A method of operating a circulation valve 8    13
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between a first position closing said circulation Thus, tool 201 permits
selectively reverse cir-     port and a second position in which fluid may
culating and spotting fluids down the well while at    be circulated
through said port; and wherein the same time permitting application of
drill string   said valve includes annular piston means and annulus
pressures to pump fluids and actuate   5   (270) received in said housing
and being oper- other tools without unintentionally opening or clos-
atively connected to said valve mandrel, said ing the circulation valve.
piston means having a first side subject to It is thus seen that the
downhole tool of the       pressure in the annulus of said well bore and a
present invention readily achieves the ends and        second side subject
to pressure in said pipe advantages mentioned as well as those inherent  10
string, said piston means moving said valve therein.
mandrel toward one of said positions when the pressure on said first side
exceeds the pres- Claims
sure on said second side and moving said mandrel toward the other of said
positions 1. A circulation valve adapted to be suspended in  15  when the
pressure on said second side ex- a well bore on a pipe string comprising: a
ceeds the pressure on said first side; and cylindrical housing (200) having
an open ion-      means (292,320,322,324,334,336) for prevent- gitudinal
passageway (216) therethrough and a      ing movement of said valve mandrel
from said circulation port (252) disposed through a wall     first position
until the pressure on each side of thereof; and a valve mandrel (218)
slidably  20    said piston alternately exceeds the pressure on received in
said housing, said circulation valve    the other side a predetermined
number of being characterised in that said valve mandrel     times, said
movement preventing means pref- is movable between a position in which
fluid       erably including a groove and lug assembly. may flow through
said circulation port only from the well bore annulus to the pipe string,
25  5. A valve according to claim 4, wherein said and a position in which
fluid may flow through     valve mandrel is axially movable toward a third
said circulation port only from the pipe string     position in which fluid
may be circulated to the well bore annulus, said valve mandrel
through said port. positions being axially spaced from one an- other; and
wherein said circulation valve further  30  6. A valve according to claim
5, wherein said includes piston means (270) operatively con-       valve
mandrel includes means (242) for pre- nected to said valve mandrel, said
piston          venting fluid flow from said pipe string to said means
being exposed to pressure interior and       well bore annulus when said
valve mandrel is exterior of said housing for axially moving said   in
said  second  position  and  means valve mandrel to a selected one of said
posi-  35   (220,222,224, 226) for preventing fluid flow tions responsive
to pressure changes across        from said well bore annulus to said pipe
string said housing.                                      when said valve
mandrel is in said third posi- tion, said valve mandrel preferably
including 



2. A valve according to claim 1, wherein said          first check valve
means (244) for permitting valve mandrel is also movable to a position   40
fluid circulation in one direction only between preventing fluid flow
through said circulation     said pipe string and said well bore annulus
port in either direction.                          when said valve mandrel
is in said second position, and preferably also second check 3. A valve
according to claim 1 or 2, which further    valve means (256) for
permitting fluid circula- includes means (292,322,324) for limiting axial
45  tion only from said pipe string to said well bore movement of said
valve mandrel, said limiting      annulus when said valve mandrel is in
said means preferably including a groove (300) and      third position. lug
assembly, said groove (300) preferably in- cluding a pattern which is
constructed and      7. A valve according to claim 6, wherein said arranged
to permit alternately relatively pres-  so  valve mandrel comprises a
generally tubular surizing the interior and exterior of said hous-   member
having first (250) and second (266) ing a predetermined number of times
when           bores axially displaced from one another, and said valve
mandrel is in a position closing said   wherein said first check valve
means is asso- port before said valve mandrel can move to         ciated
with said first bore and said second one of said other positions.
55      check valve means is associated with said second bore. 4. A valve
according to claim 1, wherein said valve mandrel (218) is slidably axially
movable  8.  A method of operating a circulation valve 8    15
EP0223552B1                       16 (201) of the type having a valve
mandrel (218)    de tiges vers l'anneau du sondage, les posi- slidably
disposed in a cylindrical housing (200)  tions du mandrin de vanne dtant
espacdes and movable from a first position closing a       axialement lune
de lautre, et dans laquelle la circulation port (252) disposed through said
vanne de circulation comporte en outre un housing to a second position in
which fluid   5   piston (270) raccord6 au mandrin de vanne, lI may be
circulated through said port, said         piston dtant expos4 A la
pression a l'interieur method comprising the steps of: increasing        et
a lextdrieur du bolder et 6tant destin6 A pressure exterior of said housing
relative to     ddplacer axialement le mandrin de vanne vers that interior
thereof to move said valve mandrel  rune des positions choisies en fonction
des toward one of said positions within said cylin-  to  variations de
pression de part et d'autre du drical housing, said pressure exterior of
said    boltier. housing being communicated to a first piston (234) of said
valve mandrel through a power   2. Vanne selon la revendication 1, dans
laquelle port (276) disposed through a wall of said        le mandrin de
vanne est aussi mobile vers une cylindrical housing; increasing pressure
interior  76  position dans laquelle ii emp8che la circulation of said
housing relative to that exterior thereof  du fluide par l'orifice de
circulation dans les to move said valve mandrel toward the other of    deux
sens. said positions within said housing, said valve mandrel having a
second piston (270) exposed  3. Vanne selon la revendication 1 ou 2, qui
com- to pressure interior of said housing; and pro-  20  porte en outre un
dispositif (292, 322, 324) venting movement of said valve mandrel from
destin6 A limiter le ddplacement axial du man- said first position until
the pressure interior of  drin de vanne, le dispositif de limitation com-
said housing alternately exceeds the pressure     portant de prdf~rence un
ensemble a gorge exterior of said housing a predetermined num-     (300) et
patte, la gorge (300) ayant de prdf6- ber of times;
25      rence un dessin dont la construction et la characterised in that it
further includes the step  disposition permettent la mise sous pression of
permitting circulation through said port in    relative en alternance de
l'interieur et de lIext4- one direction only when said valve mandrel is
rieur du boltter un nombre pred6termine de in said second position.
fois lorsque le mandrin de vanne est en posi- 30     tion de fermeture de
l'orifice avant que le 9. A method according to claim 8, which further
mandrin de vanne no puisse se deplacer vers includes the steps of moving
said valve man-      l'une des autres positions. drel (218) to a third
position; and permitting circulation through said port (252) in the other
4. Vanne selon la revendication 1, dans laquelle direction only when said
valve mandrel is in  35  le mandrin de vanne (218) est mobile axiale- 



said third position.                              ment par coulissement
entre une premibre po- sition dans laquelle ii ferme l'oriflce de circula-
10. A method according to claim 9, wherein the        tion et une seconde
position dans laquelle le step of moving said valve mandrel (218) to a
fluide pout circuler par cot orifice, et dans third position comprises the
step of applying   40  laquelle la vanne comporte un piston annulaire fluid
pressure to one of said pistons (234,270).  (270) loge dans le bolder et
raccord6 au man- drin de vanne pendant le fonctionnement, le Revendlcatlons
piston ayant un premier c8t6 sounis & une pression regnant dans loanneau de
sondage et 1. Vanne de circulation destinde a Otre suspen-  45   un second
c8t6 soumis a une pression rdgnant due dans un sondage a un train de tiges,
dans le train de tiges, le piston d~plagant le comprenant un boltier
cylindrique (200) ayant     mandrin de vanne vers l'une de ses positions un
passage longitudinal ouvert (216) qui le       lorsque la pression du
premier c8te d~passe la traverse et un orifice de circulation (252) tra-
pression du second c8te et ddplagant le man- versant sa paroi, et un
mandrin (218) de vanne   50  drin vers I'autre desdites positions lorsque
la qui pout coulisser dans le boldfer, la vanne de   pression du second
c8t6 depasse la pression circulation 6tant caract6risee en ce que le
du premier c8te, et un dispositif (292, 320, mandrin de vanne est mobile
entre une posi-       322, 324, 334, 336) destin4 A empacher le tion dans
laquelle le fluide pout circuler par    d6placement du mandrin de vanne de
la pre- I'orifice de circulation uniquement de I'anneau  56  miire position
jusqu'A ce que la pression de du sondage vers le train de tiges, et une
part et d'autre du piston depasse en alternance position dans laquelle le
fluide pout circuler    Ia pression de lPautre c8t6 un nombre prdd4- par
l'orifice de circulation uniquement du train  termind de fois, le
dispositif destine a emp- 9    cher le d~placement comprenant de pr f~ren-
que le mandrin de vanne solt d6plac6 vers ce un ensemble A gorge et patte.
I'autre des positions dans le boltier, le mandrin de vanne ayant un second
piston (270) qui est 5. Vanne selon la revendication 4, dens laquelle
exposd & Ia pression a l'intdrieur du boltier, et Ie mandrin de vanne est
mobile axialement   5     linterdiction du d~placement du mandrin de vers
une troisibme position dans laquelle du      vanne depuis la premibre
position jusqu'a ce fluide peut circular par l'orifice.               que
la pression & l'int~rieur du boltier d~passe en altemance la pression a
l'ext6rieur du bol- 6. Vanne selon la revendication 5, dans laquelle
tier un nombre pred~termin6 de fois, caracteri- le mandrin de vanne
comporte un dispositif  70   sa en ce qu'il comporte en outre une 6tape qui
(242) destind A empecher la circulation du        permet la circulation
dans l'orifice dens un fluide du train de tiges vers l'anneau du sonda-
premier sens uniquement lorsque le mandrin ge lorsque le mandrin est dens
la seconde         de vanne est dans la seconde position. position, et un
dispositif (220, 222, 224, 226) destine & empbcher la circulation du fluide
de   15  9. Proc~dd selon la revendication 8, qui comporte l'anneau du
sondage vers le train de tiges        en outre les etapes sulvantes: le
ddplacement lorsque le mandrin de vanne est dans la troi-     du mandrin de
vanne (218) vers une troisieme sibme position, le mandrin de vanne compre-
position, et I'autorisation de la circulation dans nant de prdfdrence un
premier clapet de rete-     I'oriflce (252) dens l'autre sens uniquement
nue (244) destine a permettre la circulation du   20  lorsque le mandrin de
vanne est dens la troi- fluide dans un premier sens uniquement entre
sieme position. le train de tiges et I'anneau du sondage lors- que le
mandrin de vanne est dens la seconde    10. Proc~dd selon la revendication
9, dens lequel position, et de prdfdrence aussi un second        l'Ntape de
ddplacement du mandrin de vanne clapet de retenue (256) destin6 a permettre
la  25  (218) vers une troisibme position comprend circulation du fluide
uniquement du train de      I'dtape d'application de la pression du fluide
& tiges vers l'anneau du sondage lorsque le         l'un des pistons (234,
270). mandrin de vanne est dens la troisibme posi- tion.
PatentansprUche 30 7. Vanne selon la revendication 6, dans laquelle  1.
Zirkulationsventil, des zur h~ngenden Anbrin- le mandrin de vanne comporte
un organe de         gung an einem Rohrstrang in einem Bohrloch forme
gdndrale tubulaire ayant un premier trou    eingerichtet ist, enthaltend:
ein zylindrisches 



(250) et un second trou (266) ddcalds axiale-     Gehluse (200) mit einem
offenen, durchge- ment l'un par rapport & l'autre, et le premier  35
henden Langskanal (216) und einer durch eine clapet de retenue est associd
au premier trou     Wandung desselben verlaufenden Zirkulations- et le
second clapet de retenue est associ6 ou     offnung, und eanen in dem
Gehiuse aufge- xj 'second trou.
nommenen gleitfghigen Ventildorn (218), Proc~dd  de commande d'une vanne de
cir-  40      dadurch gekennzeichnet, daB der Ventildom cUlation (201), du
type comprenant un mandrin     zwischen einer Stellung, in der Fluid nur
von de vanne (218) disposd afin qu'il puisse coulis-  dem Bohrlochringraum
durch die Zirkulations- ser dens un bolder cylindrique (200) et mobile
offnung zum Rohrstrang fliellen kann, und ei- entre une premiere position
de fermeture d'un     ner Stellung beweglich ist, in der Fluid nur von
orifice de circulation (252) formd dens le boW-  4s  dem Rohrstrang durch
die Zirkulations6ffnung tier et une seconde position dens laquelle le
zu dem Bohrlochringraum flielen kann, wobei fluide pout circuler par
l'orifice, le proc~dd    die Ventildomstellungen axial im Abstand von-
comprenant les etapes suivantes: I'augmenta-      eenander angeordnet sind,
und dea des Zirkula- tion de la pression A I'ex"rieur du bolder par
tionsventil weiter Kolbenmittel (270) enthilt, die rapport & I'intdrieur de
manibre que le mandrin  50  mit dem Ventildorn wirkverbunden sind und de
vanne soit deplace vers 'une des positions     dem Druck innerhalb und
aulerhalb des Ge- dens le boltier cylindrique, la pression a l'exte-
hMuses ausgesetzt sind, um den Ventildorn rieur du bolder etant communiqude
A un pre-       unter Ansprechen auf an dem Gehause anlie- mier piston
(234) du mandrin de vanne par un      gende Druckinderungen axial in eine
ausge- orifice moteur (276) formd dens une paroi du   as  wihite dieser
Stellungen zu bewegen. bolter cylindrique, I'augmentation de la pres- sion
a l'intdrieur du boltier par rapport  l Ia  2. ZirkulationsventUl nach
Anspruch 1, dadurch pression a l'extdrieur de celui-ci de manibre
gekennzeichnet, dae  der Ventildorn auch in 10    19                 EP 0
223 552 B1                   20 eine Stellung bewegbar ist, in der
Fluidstro-      raum zu dem Rohrstrang, wenn der Ventildorn mung durch die
Zirkulations6ffnung in Jeder        in der dritten Stellung ist, daB der
Ventildorn von beiden Richtungen verhindert ist.              vorzugsweise
erste  RUckschlagventilmittel (244) enthalt, die Fluidzirkulation zwischen
3. Zirkulationsventil nach Anspruch 1 oder 2, ge-   5  dem  Rohrstrang und
dem  Bohrlochringraum kennzeichnet durch Mittel (292, 322, 324) zur
nur in einer Richtung gestatten, wenn der Ven- Begrenzung der
Axialverstellung des Ventil-        tildorn In der zweiten Stellung ist,
und vorzugs- dornsi die vorzugsweise eine Anordnung aus         weise  auch
zweite  RUckschlagventilmittel einer Nut (300) und einer Nase enthalten und
(256), die Fluidzirkulation nur vom Rohrstrahg die Nut (300) vorzugsweise
ein Muster enth~lt,  to  zum  Bohrlochringraum  gestaften, wenn der das
derart konstruiert und angeordnet ist, daBl     Ventildom in der dritten
Stellung ist. das Innere und Aulere des Gehauses eine vorgegebene Anzahl
von Malen relativ zueinan-   7. Zirkulationsventil nach Anspruch 6, dadurch
der unter Druck setzbar sind, wenn sich der        gekennzeichnet, daB der
Ventildom ein allge- Ventildorn in einer die Offnung schlielenden   t5
mein rohrformiges Glied mit ersten (250) und Stellung befindet, bevor sich
der Ventildorn in    zweiten Bohrungen (266) aufweist, die axial eine der
genannten anderen Stellungen bewe-        gegeneinander versetzt sind, und
daB die er- gen kann.                                          sten
RUckschlagventilmittel der ersten Bohrung und die zweiten
RUckschlagventilmittel der 4. Zirkulationsventil nach Anspruch 1, dadurch
20    zweiten Bohrung zugeordnet sind. gekennzeichnet, daB der. Ventildorn
(218) zwi- schen elner ersten, die Zirkulationsoffnung     8. Verfahren zum
Betrieb eines Zirkulationsventils schlielenden Stellung und einer zweiten
Stel-      (201) der Art, die einen Ventlldom (218) auf- lung axial
gleitbeweglich ist, in der Fluid durch  weist, der in elnem  zylindrischen
Gehause die Offnung zirkulierbar ist, dal3 das Ventil  25  (200) gleitffhig
angeordnet und von einer er- Ringkolbenmiffel (270) enthalt, die in dem Ge-
sten Stellung, in der er eine durch das Gehlu- hause aufgenommen und mit
dem Ventildorn           se  verlaufende  Zirkulations6ffnung  (252)
wirkverbunden sind, eine erste Seite, die unter    schlielt, in eine zweite
Stellung bewegbar ist, dem Druck im Ringraum des Bohrlochs steht,
in der Fluid durch die Offnung zirkuliert werden und eine zweite Seite
haben, die unter dem   30    kann, enthaltend die Schritte: Erhohen des au-
Druck im Rohrstrang steht, und den Ventildorn      Ben an dem Gehluse
anliegenden Drucks ge- 



zu einer der genannten Stellungen bewegen,         genlber dem Druck Im
Innern des Gehauses, wenn der Druck an der ersten Seite den Druck       um
den Ventildorn zu elner der genannten an der zweiten Seite Obersteigt, und
zu der        Stellungen in dem zylindrischen Gehause zu anderen der
genannten Stellungen, wenn der  35     bewegen, wobei der auBen an dem
Gehause Druck an der zweiten Seite den Druck an der        anliegende Druck
auf einen ersten Kolben ersten Seite Obersteigt, und Mittel (292, 320,
(234) des Ventildorns durch elne Antriebs~ff- J..~.-'   322, 324, 334, 336)
zur Verhinderung der Be-     nung (276) Ubertragen wird, die sich durch
wegung des Ventildoms aus der ersten Stel-         elne Wandung des
zylindrischen Gehluses er- lung, bis der Druck auf jeder Seite des Kol-  40
streckt; Erhohen des Drucks im Inneren des bens eine vorgegebene Anzahl von
Malen ab-         Gehauses gegenlber dessen Aulendruck, um wechselnd den
Druck auf der anderen Seite          den Ventildom zu der anderen der
genannten Oberstiegen hat, wobei die die Bewegung ver-       Stellungen in
dem Gehause zu bewegen, wo- hindemden Mittel vorzugsweise eine Anord-
bei der Ventildorn einen zweiten Kolben (270) nung aus einer Nut und elner
Nase enthalten.    45  enthalt; der dem Druck im Inneren des Gehau- ses
ausgesetzt ist; und Verhindern einer Bewe- 5. Zirkulationsventil nach
Anspruch 4, dadurch         gung des Ventildorns aus der ersten Stellung,
gekennzeichnet, daB der Ventildom axial zu         bis der Druck im Inneren
des Geh~uses ab- einer dritten Stellung bewegbar ist, in der Fluid
wechselnd den aulen an dem Gehause anlie- durch die 6ffnung zirkulierbar
ist.        50      genden Druck eine vorgegebene Anzahl von Malen
Uberstiegen hat; 6. Zirkulationsventil nach Anspruch 5, dadurch
gakennzelchnet, daB der Ventildorn Mittel (242)    gekennzeichnet durch den
weiteren Schritt, zur Verhinderung der Fluldstr8mung von dem         daB
die Zirkulation durch die Offnung nur in Rohrstrang zu dem Bohrlochringraum
enthalt,  5s    einer Richtung gestattet wird, wenn der Ventil- wenn der
Ventildorn in der zweiten Stellung ist,   dorn in der zweiten Stellung ist.
und Mittel (220, 222, 224, 226) zur Verhinde- rung der Fluidstromung von
dem Bohrlochring-    9. Verfahren nach Anspruch 8, dadurch gekenn-    21
EP 0 223 652 B1                    22 zeichnet, daS der Ventildorn (218) in
eine dritte Stellung bewegt und Zirkulation durch die Off- nung (252) nur
in der anderen Richtung gestat- tet wird, wenn der Ventildom in der dritten
Stellung ist.                              5 10. Verfahren nach Anspruch 9,
dadurch gekenn- zeichnet, dad w~hrend der Bewegung des Ventildorns (218) in
eine dritte Stellung Fluid- druck an einen der beiden Kolben (234, 270)  1o
angelegt wird. 15 20 25 30 35 40 45 50 55 12    


